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Social isolation is a common problem faced by individuals with serious mental
illness (SMI), and current intervention approaches have limited effectiveness. This
article presents a blended intervention approach, called mobile Social Interaction
Therapy by Exposure, to address social isolation in individuals with SMI. The
approach combines brief in-person cognitive-behavioral therapy (CBT) with
context-triggered mobile CBT interventions that are personalized using mobile
sensing data. Our approach targets social behavior and is the first context-aware
intervention for improving social outcomes in SMI.

ental health is a pressing public health con-

M cern affecting a significant portion of the
population in the United States. Approxi-

mately one in five adults in the country experience men-
tal illness each year.! Among individuals with serious
mental illness (SMI) (e.g., schizophrenia, bipolar disor-
der), social isolation is a pervasive issue that negatively
impacts quality of life, functional ability, and mental
health outcomes. For example, research indicates that
over 75% of people with psychotic disorders report lone-
liness.? Furthermore, studies have shown that social iso-
lation can lead to physical health problems, such as, an
increased risk of cardiovascular disease and mortality.
In fact, social isolation is a severe health issue that is
comparable to smoking and stroke combined.? Unfortu-
nately, the worldwide rate of social isolation is increas-
ing, and those with SMI are at particularly high risk.
Studies have found that patients who are more socially
isolated have more severe negative symptoms, depres-
sion, and worse social functioning? Addressing these
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facets of social isolation and loneliness is crucial for
enhancing treatment outcomes and promoting recov-
ery. Note that while loneliness refers to a subjective feel-
ing of being isolated that can occur evenin the presence
of others, social isolation is an objective lack of social
contacts. Both aspects critically influence mental health
and require targeted interventions.

Mobile technology, particularly through mobile
sensing, has emerged as a promising tool for mental
health interventions. Mobile sensing involves the use
of sensors in smartphones and wearable devices to
automatically collect data about an individual's behav-
ior and environment, such as physical activity, sleep
patterns, and social interactions. This capability
allows for the development of personalized interven-
tions targeting specific issues like social isolation.
Moreover, mobile-based interventions, including cog-
nitive-behavioral therapy (CBT) programs and mindful-
ness apps, have been effective in addressing a range
of mental health issues, from depression to anxi-
ety.*>87 However, despite these advancements, there
is still a significant gap in interventions specifically
designed to enhance social functioning and its contri-
bution to overall well being.

Research suggests that in psychotic disorders,
social isolation is determined by both reduced
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approach and avoidance mechanisms.® The approach
mechanism encourages people to engage in actions
that are rewarding or pleasurable, while the avoidance
mechanism motivates people to avoid situations or
actions that are threatening or negative. Individuals
with schizophrenia, for example, may experience
decreased motivation to socialize and have dimin-
ished reward learning from social interactions, which
is worsened by negative symptoms. At the same time,
anxiety and social threat perception may result in
social avoidance. Interventions aimed at increasing
motivation for socialization or reducing social anxiety
have had modest success in treating negative symp-
toms of schizophrenia. However, most of such inter-
ventions are intensive and are not scalable. Previous
studies have shown that both diminished reward and
anxious avoidance play a role in determining social
interactions in individuals with schizophrenia. These
studies have also found that context plays an impor-
tant role in social behavior, with different thoughts
and emotions being present when interacting with
others (negative defeatist appraisals) versus being
alone at home (anxious threat about leaving).%01"12
The premise of this study, therefore, is that, a context-
aware CBT intervention that targets specific thoughts
and emotions related to social behavior in different
contexts may be more effective (than digital CBT
interventions and in-person CBT interventions that
are not context-aware) in improving social motivation
and functioning in individuals with SMI. Our work
seeks to evaluate the feasibility, acceptability, and
preliminary impact of such intervention.

We propose a novel blended intervention approach
that combines brief in-person CBT with context-trig-
gered mobile CBT interventions to address social
isolation in SMI. The intervention is personalized, par-
ticipatory, and employs a novel and flexible architec-
ture that facilitates intervention based on sensor-
detected context. It is also the first context-aware
intervention for improving social outcomes in SMI.
Our blended intervention targets social behavior by
adjusting perceptions (like not belonging) and encour-
aging social engagement, addressing both social isola-
tion and loneliness within diverse contexts. The
intervention employs brief in-person CBT to set social-
ization goals, introduce the cognitive model and
thought challenging skills to address defeatist atti-
tudes and social threat beliefs, and plan pleasurable
social activities for the mobile component of the inter-
vention. The mobile component consists of context-
triggered CBT interventions that aim to increase social
behavior through reminders, reinforcement, activity
pleasure savoring, and cognitive restructuring. The
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mobile component is personalized based on the data
collected through mobile sensing technology (specifi-
cally data on the patient'’s location and social interac-
tions) as well as with the help of personalized
messages entered by the therapists. Furthermore, the
architecture of our intervention is flexible, enabling
dynamic modification of intervention strategies based
on the patient's context, paving the way for future
“Just-in-time” and adaptive interventions. Note that
this article represents initial results and insights from
an ongoing study. Full trial results, as well as a greater
focus on the therapy aspect of the intervention, will
be reported in a later paper. The aims of this article
are as follows:

1) We describe the details of our study and the
design of mobile-based tools that captures novel
sensing modalities (e.g., conversation-mobility
sensor using GPS and microphone).

2) We present a representative case study to illus-
trate the effectiveness of context-aware mobile
interventions for improving social functioning

3) We present the implications of our work and elu-
cidate extensions that broadly benefit the
mobile sensing and mental health community.

Mobile-based mental health interventions have exhib-
ited potential for providing real-time support to indi-
viduals. For instance,” observed that longitudinal text
message-based interventions improve social isolation
in individuals with schizophrenia or schizoaffective
disorder. There has been some research on enhancing
social functioning in SMI through mobile technology,
however, as noted by Cornet and Holden,” it is limited.
Despite this,® Bell et al. revealed that a few mobile
interventions, even without passive sensing, have
demonstrated improvements in social functioning.
Studies have also employed CBT algorithms in mobile
apps to address mental health symptoms and
enhance social interactions and self-efficacy beliefs,5”
but none of the existing context-aware systems have
specifically focused on social behavior in severe men-
tal iliness (SMI). Blended interventions, which merge
mobile and in-person therapies while reducing in-per-
son contact by 50-90%, have been more effective
than app-only approaches.’'*'® One recent pilot trial
of a blended intervention for psychosis used coping-
focused sessions for voices blended with an app and
found improved coping and trend-level reduction in
voices.'® However, it focused on symptoms, and there
have been limited blended interventions for social
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FIGURE 1. mSITE's blended CBT approach using context-triggered mobile interventions and therapist-in-the-loop

personalization.

isolation tailored to SMI. We identified only one brief
3-week intervention providing feedback of ecological
momentary assessment (EMA) responses and behav-
ior change suggestions, which showed improvement
in symptoms but not social functioning."” Our study
presents a novel contribution to the field by introduc-
ing a personalized, blended context-aware mobile
intervention aimed at enhancing social functioning in
individuals with SMI. This innovative approach specifi-
cally targets social behavior, expanding on previous
work and addressing a gap in context-aware systems
for SMI populations.

Participant Selection

Our study aims to recruit a diverse sample of 50 par-
ticipants aged 18-65 with SMI, including schizophrenia,
schizoaffective, or bipolar | disorder with psychosis. In
this article, we report on the preliminary data on feasi-
bility and app performance in N=5 participants with
schizophrenia. 75% of the participants we have
enrolled are white (N=3), 50% are male (N=2) and their
mean age and mean years of education are 54.8 years
(Range=47-59) and 12, respectively. Inclusion criteria
of our study includes a minimum level of social avoid-
ance, defined as a score of > 2 on the Scale for Assess-
ment of Negative Symptoms asociality item, a reading
level of at least sixth grade on the Wide Range
Achievement Test-4 Reading subtest, and stability in
medications (no hospitalizations or medication

changes in the 4 months prior to enrollment). Exclu-
sion criteria include prior receipt of CBT in the past 2
years, greater than moderate disorganization on the
Positive and Negative Symptom Scale, and alcohol or
substance dependence in the past 3 months based on
DSM-5 criteria. In addition, participants requiring a
higher level of care (e.g., hospitalization, severe medi-
cal illness) are excluded, as well as those who are
unable to adequately see or manually manipulate a
mobile phone, since ours is a blended intervention
that uses a mobile device.

Study Design

The study involves a brief blended intervention that
combines in-person and mobile CBT to reduce social
isolation [see Figure 1]. Social isolation can be caused
by a lack of reward from relationships and avoiding
social situations due to anxiety. When someone is
alone, they might start to have negative thoughts
about social situations and then avoid them, which
only reinforces their negative beliefs. Modifying nega-
tive beliefs and behaviors when alone can help some-
one feel more comfortable and engaged in social
situations, which can lead to positive changes in their
thoughts, emotions, and social behavior. Our hypothe-
sis is that the use of our mobile-assisted CBT interven-
tion, called mobile Social Interaction Therapy by
Exposure (mSITE), will lead to an increase in social
interactions among individuals with SMI. This increase
in social interactions will in turn lead to a reduction in
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the severity of experiential negative symptoms and
ultimately improve social functioning. Note that the
study is approved by the Institutional Review Board of
University of California, San Diego, and Dartmouth
College. It is also registered as a clinical trial in clinical-
trials.gov.

We are conducting a 24-week open pilot trial of
mSITE. Our trial focuses on feasibility, acceptability,
and initial indication of improvement in our target, i.e.,
social activity. The intervention involves eight weekly
1-hour in-person sessions combined with mobile app
use, followed by weekly 15-minute remote coaching
calls with mobile app use for an additional 16 weeks,
for a total of 24 treatment weeks. We have included
weekly remote coaching, as the literature suggests
that mobile interventions are more effective when
coaching is included. Our assessments will be carried
out at baseline, 8 weeks (end of in-person treatment),
12 weeks, 18 weeks, and 24 weeks, with one-week
bursts of EMA surveys at each of these weeks. Our
prior research has demonstrated that improvements
in outcomes can be achieved in 24 weeks or fewer.
However, if we can attain our target engagement at
the earliest possible assessment point, which could
be at week 12 or 18, it would allow us to create a
shorter yet efficient intervention. Effectively strength-
ening and shortening intensive psychosocial interven-
tions could help overcome implementation barriers
that arise due to the high cost and burden of treat-
ment. In addition, it could improve access to evi-
dence-based practices for individuals who are
underserved by the current mental healthcare system.

In-Person Intervention Component

The intervention we are using has eight sessions and
is based on different evidence-based treatments for
mental health issues, including CBT. During the ses-
sions, master-level therapists, comparable to thera-
pists in a community mental health system, work with
patients to develop skills to help them achieve their
goals for recovery. We start by setting a recovery goal,
then we teach patients how to use a thought challeng-
ing skill called the 3Cs (Catch-It, Check-It, Change-It;
where It is a thought) to address defeatist beliefs and
social avoidance and work toward their goals. 3Cs is a
CBT technique used to help individuals identify and
challenge dysfunctional thoughts and replace them
with more helpful, accurate ones. We teach patients
how to challenge defeatist attitudes, social threats,
and avoidance behaviors using CBT skills. We also
educate patients about how their thoughts, actions,
and feelings are related, and use experiments and
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exposure to help them change dysfunctional beliefs.
The intervention includes tests of expectations in
social interactions to help patients achieve their goals.
Essentially, this means that the intervention uses real-
life social interactions as a way to help patients chal-
lenge and modify their beliefs and behaviors.

Mobile Intervention Component

The mobile intervention component uses a smart-
phone application (referred to as the mSITE app) to
passively collect sensing data (e.g., activity, GPS,
audio, light, phone usage, application usage, etc).
The GPS sensors and microphones are used to
detect if the user is home or away and around con-
versation, respectively. Moreover, the app alerts the
users three times daily with personalized CBT
scripts using information from the sensors and
therapists. Note that the mSITE app does not record
any raw conversation (only whether conversation
was present or not and the amplitude of sound).
While we collect other passive sensing data, only
the GPS and conversations related information are
used to drive interventions. Other passive sensing
data are used only for analysis purposes.

The mSITE app is installed on the participants’
phone or an Android phone provided during in-person
and coaching treatment phases. Our application con-
sists of five elements.

Goals

mSITE provides on-demand resources that are popu-
lated during individual sessions. Participants set a
long-term goal and enter short-term goals and steps
to achieve the long-term goal [see Figure 2(a)]. They
can add their own steps on demand in and out of
session.

Pleasurable Activities

Participants create a list of enjoyable social activities
and rate their anticipated pleasure in doing them [see
Figure 2(b)]. After doing them, they again rate their
pleasure and are prompted to do something to savor
pleasure (e.g., write about it or use the phone to take
a photo or video), which are used as reminders that
activities can be more enjoyable than they think [see
Figure 2(c)].

Conversation-Location Sensing

As mentioned earlier, our app identifies whether par-
ticipants are home/away and around conversations to
fire contextual EMAs, an example is shown in Figure 3.
To identify the participant’'s home, we first run DBScan
clustering to group significant locations of a
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participant and then label the location where they
spend most of their time from 2 am-4 am as their
home location. We use a geofence tolerance of +100
m to mark whether they are home or away. In addition,
the machine learning based conversation detector on
the mSITE app identifies whether a participant has
been around social interactions. Our application iden-
tifies speech and conversation by utilizing pretrained
classifiers that analyze accelerometer and micro-
phone-derived audio data, respectively. To safeguard
users’ privacy, the application does not retain raw
audio data; instead, it stores audio information when
speech or conversation is detected. This detection is
based on a two-stage classifier: initially, a voice activ-
ity detector employs a Hidden Markov Model and the
Viterbi algorithm to ascertain the presence of speech,
followed by a conversation classifier that determines
whether a conversation has commenced and records
its duration. We also apply a filtering process that eval-
uates voice presence alongside audio amplitude,
where samples with lower amplitudes are more likely
considered noise and thus removed. Although we can-
not be certain if the subject is actively participating in
the conversation, the inferred presence of conversa-
tion indicates that the subject is in proximity to it. We
employ this information as an indicator of social
engagement or isolation. The detector analyzes ambi-
ent audio every 10 min for a duration of 1 min to detect

the presence of nearby conversations. We tested and
refined it to ensure it can distinguish conversations
from other sounds such as television and background
noise. Our team has previously deployed this conver-
sation detector in numerous studies.'®"

The context-aware scripts using the conversation-
location sensor are triggered in afternoon and even-
ing. For example, when the participant is home and
alone, the app challenges their negative beliefs about
social situations (i.e., anxiety and social threat
appraisal) and reminds them of positive experiences
they have had in the past. Similarly, when the individ-
ual has recently had a social interaction, mSITE helps
them savor the positive aspects of that interaction
and challenges any negative thoughts they have about
future interactions (i.e., defeatist appraisal). This is
based on findings from our prior research®'%""'%; we
found that, when home alone, individuals with schizo-
phrenia report threat beliefs and anxiety about going
out which contribute to social avoidance, so we chal-
lenge threat beliefs. When out around others, they
report defeatist beliefs about being judged negatively,
so we challenge those beliefs in that context. The app
automatically detects whether they are home/away or
have been around conversations to fire the personal-
ized interventions. However, we first prompt the par-
ticipants to confirm that we have indeed correctly
detected their social context (e.g., ‘I think you have
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been home and around other people in the afternoon;
am | right?”). If they answer with “no,” the app shows
“Sorry that we got it wrong! Were you around others
this morning/afternoon?” The challenges that follow
are then based on their input to this response rather
than on the automatically detected context (i.e.,
home/away and alone/with others).

Therapist-in-The-Loop and Personalization
Here, the therapist can enter unlimited personalized
messages that challenge the individuals’ beliefs using
our online therapist dashboard. An example prompt
challenging a belief is, “But it was fun when you played
cards with Joe at the clubhouse.” For each participant,
the therapists craft personalized evidence postses-
sion, tailored to the session’s content and the individu-
al's specific therapeutic needs. This customization
introduces variability in message content and fre-
quency, reflecting the unique therapeutic journey of
each participant. Such variability, aligned with tradi-
tional CBT practices, is intended to enhance engage-
ment by ensuring relevance to the participant's
personal goals and challenges. We view this individual-
ized approach not as a limitation but as a strength,
fostering a more personalized and engaging therapeu-
tic experience. In addition, the database is composed
of several generic messages—a list of precomposed
messages that are not unique to a participant’s situa-
tion (e.g., “The best way to find out if someone will like
you is to talk to them and see.”). The mSITE app ran-
domly selects personalized and generic messages
60% and 40% of the times, respectively. The purpose
of generic messages are to accommodate new partici-
pants who join the study and may have only one or
two personalized message. In such cases, using the
60-40 threshold avoids repeated personalized mes-
sages. The message is displayed when the context-
aware EMAs are fired as shown in Figure 3(e).

Gamifying Social Interactions

mSITE provides users with an “Awards” screen that
provides information about their intervention progress
on demand [see Figure 2(d)]. After successful comple-
tion of goal steps and activities, an “awards wheel”
randomly gives users “diamonds.” Thus, it mildly gami-
fies the social interaction progress through nonmone-
tary “achievements.”

Our study participants have shown sustained adherence
to our mobile app, which is a promising indication of the
app’s robustness. On average, participants answered

77% of the EMAs presented to them on their 8 weeks of
in-person use. It is worth noting that participants have
the option to respond to up to three EMAs daily, including
an action plan EMA in the morning and a context-aware
EMA in the afternoon and evening. Of the EMAs that par-
ticipants have answered so far, 46% are context-aware
EMAs triggered by our app's detection of whether the
participant is home or away and around conversations.
The remaining 54% of the EMAs are daily action plan
EMAs that encourage participants to set goals for their
day, such as engaging in a fun activity outside their home,
interacting with someone or achieving a custom goal
that they can set for themselves.

Our application demonstrated an initial contextual
sensing accuracy of 75%. To confirm the contextual
EMA prompt, we have a validation mechanism that
solicits participant verification before providing a
response. For example, if the application detects that
the participant is at home and engaged in conversa-
tion, the contextual EMA's initial prompt states, ‘I
believe you have been at home and in the presence of
others this morning; is this correct?” The accuracy of
this detection was initially confirmed by participants
75% of the time. There is a delay between data collec-
tion from the application and its integration into the
system. For instance, our first contextual EMA triggers
at 12 PM, using data collected between 6 AM and 12
PM to determine whether participants have been at
home, away, or engaged in conversations. We observed
that by adjusting the frequency of data uploads to our
server and altering server-side processing intervals, we
could enhance accuracy. Given that many of our partic-
ipants reside in care homes, it was essential to adapt
our voice activity detection model to function effec-
tively in noisy environments. To achieve this, we cali-
brated the model using a Samsung Galaxy S10 across
various settings, including areas with heavy traffic,
quiet rooms, and spaces where televisions or music
were playing. This process ensured that our system
could reliably perform in diverse acoustic conditions.
The calibration involved fine-tuning the model's param-
eters to accurately differentiate between human
speech and other types of background noise. In addi-
tion, we fine-tuned the geo-fence settings, adjusting
the DBSCAN algorithm’s epsilon (which determines
the radius of neighborhood) and minimum samples
(which affects the density required to form a cluster)
parameters and the data upload frequency to improve
location and interaction accuracy. The improved cali-
bration of our application has achieved an accuracy
exceeding 85% in internal tests, specifically in detect-
ing participants’ presence at home and their involve-
ment in conversations, validated by their self-reports.
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In addition to the high adherence rates to EMAs, our
mobile sensing data collection has also been successful.
Each participant has at least 18 h of location and audio
data available, including information on the presence and
amplitude of conversations on 85% of their study days.
Note that we do not record any raw audio. Overall, the
acceptability and feasibility of our mobile app-based inter-
vention have been promising, as evidenced by the high
adherence rates to both EMAs and mobile sensing data
collection. We are continually evaluating the app's effec-
tiveness in improving mental health outcomes and hope
to provide additional insights as the study progresses.

We have enrolled five participants so far for a duration
of a little over eight weeks. While it is premature to
have any compelling indication about behavior change
in this short period, here we highlight two case studies
which provide a representative example of the effec-
tiveness of context-aware mobile interventions for
improving social functioning.

Participant A, a 47-year-old White male with 12 years
of schooling, aimed to form a close friendship, despite
being content with his acquaintances and social life. He
found the app useful, using it daily to work toward his
goal or related tasks. Over 8 weeks, he responded to all
daily action plan EMAs, focusing mainly on initiating
interactions (54 out of 56 times). He also completed 47
morning and 40 evening contextual EMAs, revealing he
was in social situations 64% of the time when prompted
and spent most days away from home. The app's per-
sonalized messages from the therapist, aimed at over-
coming negative self-beliefs and encouraging social
engagement, made up a significant part of his experi-
ence. With 46% of messages addressing defeatist
thoughts and 44% promoting social interaction, these
communications supported his active efforts to meet
his goal. A appreciated tracking his progress within the
app, undertaking various activities to meet new people,
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such as visiting potential friend-meeting locations, intro-
ducing himself to new individuals, and practicing con-
versation skills. He set 10 long-term goals and listed 25
activities ranging from doctor visits to attending social
events. While he has not finished the remote coaching
sessions yet, A reports increased happiness in his social
endeavors and enhanced satisfaction with his existing
relationships.

Participant B, a 59-year-old Asian male with a 10-year
education background, initially aimed to make three
new friends but shifted his focus to volunteering at a
local animal shelter. He felt comfortable conversing but
wanted to be more open and involved in his community.
Variable app engagement was noted, as he often left his
phone at home to avoid losing it, leading to 89% comple-
tion of daily action plan EMAs and only 21% of contextual
EMAs in the first eight weeks. Coaching encouraged him
to carry his phone, boosting his engagement, and EMA
response rates. Despite struggling with some app fea-
tures and technology, targeted messages from the ther-
apist helped him confront social fears and negative self-
perceptions. B's active session involvement and steps
toward his goals, like initiating conversations, visiting
the animal shelter, and submitting a volunteer applica-
tion, demonstrated his progress. Regular outings with a
friend from his board and care increased his social inter-
actions. By the end of the remote coaching sessions, B
had made significant strides toward his goal of volun-
teering at the animal shelter.

Figure 4 shows weekly trends of Participant A’s
conversations and home time via the mSITE app,
with conversations increasing post-week four and
less time at home. Table 1 indicates improved inter-
action enjoyment for participants A and B, with A
showing more interest in socializing. Both partici-
pants spent less time at home. Social defeatist atti-
tudes rose for A but fell for B. While eight weeks is
brief for conclusive outcomes, early signs suggest
the intervention is fostering more social engage-
ment and less isolation. We anticipate further



TABLE 1. 8-Week Study summary for participants A and B evaluating pleasure and interest during interactions, motivation for

future interactions, social defeatist attitudes, and time spent at home. The values presented are mean of surveys.

Participant | Time Point How much In the past hour, how How much interest Social In the past
pleasure or much interest or or motivation do you | Defeatist | hour, about
enjoyment did | motivation did you have | have for engagingin | Attitudes | how much
you feel in the for interacting with interactions later time did
interactions? others? [Had 0 today? [Had 1+ you spend
interactions] interactions] at home?
A Week 0 3.84 2.67 3.16 3.88 45.98
Week 8 4.08 2.80 3.68 3.96 42.00
B Week 0 5.39 2.32 3.61 248 54.69
Week 8 5.45 1.52 3.55 236 53.27

positive changes in social activity for both partici-
pants as the trial progresses.

Preliminary Insights and Implications
Our preliminary findings demonstrate the feasibility and
acceptability of our blended intervention approach that
combines in-person CBT with context-triggered mobile
CBT interventions to address social isolation in individu-
als with SMI. Participants have shown sustained adher-
ence to the mobile app, and the app’s robustness is
evident through its successful data collection and con-
textual sensing capabilities. As the study progresses, we
will continue to evaluate the app's effectiveness in
improving social functioning and mental health out-
comes in our target population. The context-aware
aspect of our intervention is particularly noteworthy, as it
sets our approach apart from existing interventions in
the field. Most context-aware interventions in the litera-
ture have focused on physical health, with limited explo-
ration of their potential in addressing social isolation or
mental health outcomes.?® However, our focus on social
activity and functioning is relatively novel in the mental
health domain. In fact, it is the very first study to use
socially mediated contextual sensing intervention.

The high adherence rates and the case study pro-
vided highlight the importance of personalization and
therapist involvement in designing mobile interventions.
In our study, the mSITE app allows therapists to input
personalized messages that challenge participants’
beliefs and tailored interventions. In addition, our mobile
intervention system enables users to set their long-term
goals and short-term steps, providing them with the
tools to work toward achieving those goals. This
approach empowers users to take an active role in their
recovery and fosters a sense of agency and control,
which is crucial for individuals with SMI. Another

important implication of our study is the potential for
context-aware mobile interventions to be applied in
other areas of mental health research. For example, our
approach could be used to study social anxiety or agora-
phobia, where individuals may be hesitant to leave their
homes or interact with others in social situations. In
addition, the approach could be used to study healthy
aging, where social isolation and loneliness can have
negative effects on physical and mental health.

Privacy Measures

Privacy is a key focus in our study and we have imple-
mented rigorous safeguards to protect it. Participants
give written informed consent, fully briefed on what data
will be collected and who will have access. They also
undergo a decisional capacity assessment to ensure
they grasp the study’s procedures. We monitor for any
adverse effects, such as participant dropouts or con-
cerns about data collection, and have observed none to
date. This absence of concerns may stem from the trust
built during individual coaching sessions where the ratio-
nale behind data-driven prompts is explained. Further-
more, participants are motivated to enhance their social
interactions and understand that the prompts are con-
structive feedback for their goals, rather than unex-
pected surveillance. This understanding, coupled with
the personal support from coaches, likely contributes to
the high acceptability of our intervention.

Limitations and Future Work

Our study on social isolation in individuals with SMI has
limitations: it is ongoing, requiring more data for conclu-
sions; conducted over a short period; lacks a control
group; and focuses on a specific SMI population. In addi-
tion, the personalized intervention using mobile sensing
technology raises privacy concerns, although no conver-
sation content is recorded. Future research should
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address these concerns and ensure that the interven-
tions are implemented in a way that respects patient pri-
vacy and security.

Overall, our study represents an important first step
in addressing social isolation in individuals with SMI.
However, future research is needed to further investi-
gate the effectiveness of context-aware mobile inter-
ventions and to address the limitations of our study.

Our study describes a novel blended intervention
approach that combines brief in-person CBT with con-
text-triggered mobile CBT interventions to address
social isolation in SMI. Our mobile intervention system
provides personalized interventions at the right time in
the right context to improve social functioning,
addressing a critical need in the mental health field.
The intervention was acceptable and feasible in this
small sample of individuals with SMI. Future research
can expand on our work to develop “Just-in-time"” adap-
tive interventions, paving the way for further advance-
ments in the field of mobile sensing and mental health.

This work was supported by the National Institute of
Mental Health under Grant 5R61MH126094. Subigya
Nepal and Arvind Pillai contributed equally to this work.
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tional Review Board under Application No. 800874.

1. Substance Abuse Mental Health Services
Administration (SAMHSA), “Key substance use and
mental health indicators in the United States: Results
from the 2021 national survey on drug use and health,”
Tech. Rep. PEP22-07-01-005, Center Behav. Health
Stat. Qual.,, Substance Abuse Mental Health Serv.
Admin., 2022. [Online]. Available: https://www.samhsa.
gov/data/sites/default/files/reports/rpt39443/
2021NSDUHFFRRev010323.pdf

2. B.Michalska da Rocha, S. Rhodes, E. Vasilopoulou, and P.
Hutton, “Loneliness in psychosis: A meta-analytical
review,” Schizophrenia Bull., vol. 44, no. 1, pp. 114-125, 2018.

3. N.K.Valtorta, M. Kanaan, S. Gilbody, S. Ronzi, and B.
Hanratty, “Loneliness and social isolation as risk factors
for coronary heart disease and stroke: Systematic
review and meta-analysis of longitudinal observational
studies,” Heart, vol. 102, no. 13, pp. 1009-1016, 2016.

JaAuthgriredrideasause limited to: Stanford University. Downloaded on November 17,2024 at 21:4688 D& fsivel EBEploeg Restrictions apply. 55

10.

1.

14.

V. P.Cornet and R. J. Holden, “Systematic review of
smartphone-based passive sensing for health and
wellbeing,” J. Biomed. Inform., vol. 77, pp. 120-132, Jan.
2018.

. H. Bell, M. H. Lim, S. L. Rossell, and N. Thomas, “Ecological
momentary assessment and intervention in the treatment
of psychotic disorders: A systematic review,” Psychiatr.
Serv., vol. 68, no. 11, pp. 1172-1181, Nov. 2017.

D. Ben-Zeev, C. J. Brenner, M. Begale, J. Duffecy, D. C.
Mohr, and K. T. Mueser, “Feasibility, acceptability, and
preliminary efficacy of a smartphone intervention for
schizophrenia,” Schizophrenia Bull., vol. 40, no. 6,

pp. 1244-1253, Mar. 2014.

S. Bucci et al,, “Actissist: Proof-of-concept trial of a theory-
driven digital intervention for psychosis,” Schizophrenia
Bull., vol. 44, no. 5, pp. 1070-1080, Mar. 2018.

D. Fulford, T. Campellone, and D. E. Gard, “Social
motivation in schizophrenia: How research on basic
reward processes informs and limits our understanding,”
Clin. Psychol. Rev., vol. 63, pp. 12-24, Jul. 2018.

C. A. Depp et al., "GPS mobility as a digital biomarker
of negative symptoms in schizophrenia: A case control
study,” NPJ Digit. Med., vol. 2, no. 1, Nov. 2019,

Art. no. 108.

E. M. Parrish et al., "Emotional determinants of life-
space through GPS and ecological momentary
assessment in schizophrenia: What gets people out of
the house ?,” Schizophrenia Res., vol. 224, pp. 67-73,
Oct. 2020.

C. A. Depp, R. C. Moore, D. Perivoliotis, J. L. Holden,
J. Swendsen, and E. L. Granholm, “Social behavior,
interaction appraisals, and suicidal ideation in
schizophrenia: The dangers of being alone,”
Schizophrenia Res., vol. 172, no. 1-3, pp. 195-200,
Apr. 2016.

E. Granholm, D. Ben-Zeeyv, D. Fulford, and J. Swendsen,
“Ecological momentary assessment of social functioning
in schizophrenia: Impact of performance appraisals and
affect on social interactions,” Schizophrenia Res., vol. 145,
no. 1-3, pp. 120124, Apr. 2013.

E. Granholm, D. Ben-Zeev, P. C. Link, K. R.
Bradshaw, and J. L. Holden, “Mobile assessment
and treatment for schizophrenia (mats): A pilot trial
of an interactive text-messaging intervention for
medication adherence, socialization, and auditory
hallucinations,” Schizophrenia Bull., vol. 38, no. 3,
pp. 414-425, 2012.

M. Alvarez-Jimenez, M. Alcazar-Corcoles, C. Gonzélez-
Blanch, S. Bendall, P. McGorry, and J. Gleeson, “Online,
social media and mobile technologies for psychosis
treatment: A systematic review on novel user-led
interventions,” Schizophrenia Res., vol. 156, no. 1,

pp. 96-106, Jun. 2014.


https://www.samhsa.gov/data/sites/default/files/reports/rpt39443/2021NSDUHFFRRev010323.pdf
https://www.samhsa.gov/data/sites/default/files/reports/rpt39443/2021NSDUHFFRRev010323.pdf
https://www.samhsa.gov/data/sites/default/files/reports/rpt39443/2021NSDUHFFRRev010323.pdf

15. D.Ben-Zeev, S. M. Kaiser, C. J. Brenner, M. Begale, J.
Duffecy, and D. C. Mohr, “Development and usability
testing of FOCUS: A smartphone
system for self-management of schizophrenia,” Psychiatr.
Rehabil. J., vol. 36, no. 4, pp. 289-296, Dec. 2013.

16. 1. H.Bell et al., “Pilot randomised controlled trial of a brief
coping-focused intervention for hearing voices blended
with smartphone-based ecological momentary
assessment and intervention (SAVVy): Feasibility,
acceptability and preliminary clinical outcomes,”
Schizophrenia Res., vol. 216, pp. 479-487, Feb. 2020.

17. E.Hanssen et al., “An ecological momentary
intervention incorporating personalised feedback to
improve symptoms and social functioning in
schizophrenia spectrum disorders,” Psychiatry Res.,
vol. 284, Feb. 2020, Art. no. 112695.

18. R. Wang et al., “Studentlife: Assessing mental health,
academic performance and behavioral trends of
college students using smartphones,” in Proc. ACM
Int. Joint Conf. Pervasive Ubiquitous Comput., 2014,
pp. 3-14.

19. W.Wang et al., “Social sensing: Assessing social
functioning of patients living with schizophrenia using
mobile phone sensing,” in Proc. CHI Conf. Hum.
Factors Comput. Syst., 2020, pp. 1-15.

20. K.J.T.Craig et al., “Systematic review of context-
aware digital behavior change interventions to
improve health,” Transl. Behav. Med., vol. 11, no. 5,
pp. 1037-1048, Oct. 2020.

SUBIGYA NEPAL is currently working toward the Ph.D. degree
with Dartmouth College, Hanover, NH, USA. His research inter-
ests span the field of ubiquitous computing and applied
machine learning, particularly focusing on the use of passive
and mobile sensing in conjunction with Al to assess health and
wellbeing of individuals. He is the corresponding author of this
article. Contact him at sknepal@cs.dartmouth.edu.

ARVIND PILLALI is currently working toward the Ph.D. degree
with Dartmouth College, Hanover, NH, USA. His research
interests include addressing pressing issues in mental health
and human behavior related to modeling, such as handling
small datasets, improving robustness, and increasing fairness
using modalities such as mobile sensing, audio, and images.
Contact him at arvind.pillai.gr@dartmouth.edu.

EMMA M. PARRISH is currently working toward the Ph.D.
degree with the San Diego State University/University of Cali-
fornia San Diego Joint Doctoral Program in Clinical Psychology,

San Diego, CA USA. Her research interests are in understanding
mechanisms related to suicidal ideation and behavior, as well
as suicide prevention interventions for people with psychotic
disorders. Contact her at emparris@health.ucsd.edu.

JASON HOLDEN is a research health scientist and project
manager with the Veterans Medical Research Foundation
and Veterans Affairs San Diego Healthcare System, San
Diego, CA, USA. He is also the administrative director of psy-
chiatry with UC San Diego Center for Mental Health Technol-
ogy. His research focuses on EMA and interventions using
mobile technology in serious mental iliness. Contact him at
jlholden@ucsd.edu.

COLIN DEPP is a professor of psychiatry at UC San Diego Medi-
cal Center and a clinical staff psychologist at the Veterans
Affairs Hospital in UC San Diego, San Diego, CA, USA. He is also
the director of Research Education and Training at the Clinical
and Translational Research Institute, UC San Diego and men-
tors clinical scientists in multiple training programs. His
research focuses on technology-based longitudinal assess-
ment and real-time interventions in mental health particularly
in serious mental illnesses. Depp received his Ph.D. degree in
clinical psychology from University of Louisville. Contact him at
cdepp@ucsd.edu.

ANDREW T. CAMPBELL is Albert Bradley 1915 Third Century
Professor with Dartmouth College, Hanover, NH, USA, where he
leads the mobile sensing group. He is an experimental com-
puter scientist developing new sensing technology to infer
human behavior and surrounding context with specific applica-
tion to mental health and wellbeing. Campbell received his
Ph.D. degree in computer science from Lancaster University,

England. Contact him at andrew.t.p.campbell@gmail.com.

ERIC L. GRANHOLM is a professor and the vice chair for
Clinical Research with the Department of Psychiatry and
director of the Center for Mental Health Technology, UC
San Diego, San Diego, CA, USA. He has been an active basic
and clinical researcher in the areas of neuropsychology,
pupillometry, EMA, mobile interventions and cognitive
behavior therapy in schizophrenia, and Alzheimer's disease.
Granholm received the Ph.D. degree in clinical psychology
from the University of California, Los Angeles, CA, USA.
Contact him at egranholm@health.ucsd.edu.

56Authorized licensed IEeHiPéedsiivStaniors Wiiiversity. Downloaded on November 17,2024 at 21:46:18 UTC from IEEE Xplore.JRestigtionarappR024




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


