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Abstract

Background: Digital mental health is a rapidly growing field with an increasing evidence base due to its potential scalability
and impacts on access to mental health care. Further, within underfunded service systems, leveraging personal technologies to
deliver or support specialized service delivery has garnered attention as a feasible and cost-effective means of improving access.
Digital health relevance has also improved as technology ownership in individuals with schizophrenia has improved and is
comparable to that of the general population. However, less digital health research has been conducted in groups with schizophrenia
spectrum disorders compared to other mental health conditions, and overall feasibility, efficacy, and clinical integration remain
largely unknown.

Objective: This review aims to describe the available literature investigating the use of personal technologies (ie, phone,
computer, tablet, and wearables) to deliver or support specialized care for schizophrenia and examine opportunities and barriers
to integrating this technology into care.

Methods: Given the size of this review, we used scoping review methods. We searched 3 major databases with search teams
related to schizophrenia spectrum disorders, various personal technologies, and intervention outcomes related to recovery. We
included studies from the full spectrum of methodologies, from development papers to implementation trials. Methods and
reporting follow the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.

Results: This search resulted in 999 studies, which, through review by at least 2 reviewers, included 92 publications. Included
studies were published from 2010 to 2023. Most studies examined multitechnology interventions (40/92, 43%) or smartphone
apps (25/92, 27%), followed by SMS text messaging (16/92, 17%) and internet-based interventions (11/92, 12%). No studies
used wearable technology on its own to deliver an intervention. Regarding the stage of research in the field, the largest number
of publications were pilot studies (32/92, 35%), followed by randomized control trials (RCTs; 20/92, 22%), secondary analyses
(16/92, 17%), RCT protocols (16/92, 17%), development papers (5/92, 5%), and nonrandomized or quasi-experimental trials
(3/92, 3%). Most studies did not report on safety indices (55/92, 60%) or privacy precautions (64/92, 70%). Included studies tend
to report consistent positive user feedback regarding the usability, acceptability, and satisfaction with technology; however,
engagement metrics are highly variable and report mixed outcomes. Furthermore, efficacy at both the pilot and RCT levels report
mixed findings on primary outcomes.

Conclusions: Overall, the findings of this review highlight the discrepancy between the high levels of acceptability and usability
of these digital interventions, mixed efficacy results, and difficulties with sustained engagement. The discussion highlights
common patterns that may underscore this observation in the field; however, as this was a scoping review, a more in-depth
systematic review or meta-analysis may be required to better understand the trends outlined in this review.
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Introduction

Background
Research on digital mental health care in groups with serious
mental illness (SMI), including schizophrenia spectrum disorders
(SSDs), has grown slowly compared to other mental health
conditions such as anxiety and depression [1,2]. Historically,
this has been due to concerns about the ability to afford and use
technology (ie, device ownership, access to the internet, and
cellular data plans), understand the limitations of the technology
(ie, privacy, crisis planning, and digital literacy), and make
effective gains from digitally delivered content.

Recent research shows that cell phone and smartphone
ownership and internet access are high in populations with SMI
with and without psychosis [3,4] and have shown to be an
adequate means of service delivery over the COVID-19
pandemic. Leveraging personal technologies (ie, laptops, tablets,
smartphones, and wearable technologies) has also been framed
as a critical measure to address access to specialized mental
health care in remote areas and populations identified as
marginalized, as access to smartphones and the internet is
improving in these communities [5-7]. In addition, it has the
potential to address barriers to stigma, time, and cost that limit
the frequency and duration of available mental health care [8,9].
Given the potential to overcome such significant barriers, experts
predict the use of personal technologies to deliver or assist with
mental health care to continue to grow and hope to capitalize
on the burst of enthusiasm brought about by the COVID-19
pandemic [10-12].

Although technologically delivered and assisted care is steadily
gaining credibility and acceptability among mental health care
professionals, there remain questions about the efficacy, safety
and potential limitations of technologically delivered care in
SSDs [13]. In fact, research has found that out of the publicly
available technology advertised for mental health care, only 3%
have scientific evidence supporting their use [14]. In
schizophrenia and psychosis, a commercial review found that
only 6 publicly available apps out of 700 were supported by
scientific evidence, and many contained stigmatizing themes
and misinformation [15].

To this end, it is critical to identify evidence-based digital mental
health tools available for use on personal technologies by
individuals with SSDs and evaluate the state of research in the
field and readiness for implementation. Previous reviews in this
area have tended to focus on 1 technical modality (eg, mobile
apps [16] and SMS text messaging [17]) or 1 aspect of recovery
(eg, relapse prevention [18]) but have yet to examine the field
collectively across technological platforms, treatment targets,

and therapeutic approaches to provide a high-level snapshot of
the extant literature.

This Study
This study is a scoping review examining the use of personal
technologies to deliver digital mental health interventions in
the treatment of SSDs. The overarching aim was to examine
the state of the existing evidence supporting digital health tools
for individuals with SSDs. Specifically, we identified gaps in
the literature and explored the next steps for future research as
the field moves toward implementation. To this end, we
examined studies across the research stage, from development
papers to implementation studies, using various types of
commonly owned personal technologies that may be used to
support clinical outcomes and recovery in populations
experiencing SSDs. Personal technologies were chosen as the
target technology for this review, as it can be argued that this
may be the most efficient way to increase access to specialized
information and care for individuals who cannot access
traditional care consistently. It is also plausible that personal
technologies may be the most accessible and cost-effective
technological aid to traditional care.

Methods

Overview
Given the complex and broad nature of our research question,
our results are presented in alignment with the scoping review
methodology, focusing on the state of research and identification
of key concepts and gaps [19,20]. Our methods are structured
according to PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) principles endorsed by the
Cochrane Collaboration [21] and the scoping review reporting
framework [22].

Inclusion Criteria
The included studies were published in English, examined the
use of digital health tools in populations with SSDs, and
published between 2010 and 2023 (given the evolution of
technology during this period). Population, Intervention,
Comparison, and Outcome principles guided the formulation
of the inclusion criteria using the categories population,
intervention, and outcome of interest (control type was not
applicable as we included a range of study types; refer to
Textbox 1 for details). Studies were excluded if no full text was
available (eg, editorials and conference presentations), if not
published in English, if examined in a population with health
challenges other than SSDs (eg, depression, substance use, and
physical health conditions), if they did not use technology to
deliver an intervention, or if they did not examine clinical targets
related to SSDs. We also did not include studies that examined
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the pivot to virtual care (eg, phone, video, or other
communication technology-based care) during the COVID-19
pandemic and virtually delivered care more broadly, as the only
technological component was videoconferencing or telephone

delivery of treatment as usual (TAU). The included studies
sought to enhance the delivery of TAU (ie, technologically
supported TAU) or deliver adjunct interventions (ie,
interventions not included in TAU).

Textbox 1. Study inclusion criteria following the Population, Intervention, Comparison, and Outcome principles.

Population diagnosis

• Schizophrenia

• Schizophreniform

• Schizoaffective

• Psychotic disorder not otherwise specified

• Psychosis

Type of technology

• Mobile apps

• SMS text messaging

• Web based

• Videoconferencing

• Wearables

• Blended interventions

Outcome target

• Symptoms

• Functioning

• Service engagement

• Illness management

Study methodology

• Randomized controlled trials

• Pilot trials

• Qualitative studies

• Feasibility studies

• Protocol papers

Search Strategy
A total of 3 core databases were searched: PsycINFO, Embase,
and MEDLINE. In addition, Cochrane and PROSPERO
databases were searched for existing reviews and protocols.
References of resulting included studies were hand searched.

Search strategies used for general databases were as follows:

• Population: Psychosis OR Schizophrenia OR
Schizoaffective OR Schizophrenia Spectrum OR Psychotic
Disorders OR First-Episode Psychosis OR Early-Episode
Psychosis

• Intervention: SMS OR Short Message Service OR
SMS-Survey OR Texting OR Text Message OR SMS Based
System OR SMS Reminder OR Text Message Reminder
OR Digital Health OR Telehealth OR Mobile Apps OR
Mobile Applications OR Mobile Health OR eHealth OR
mHealth OR Wearable Technology

Search strategies used for databases powered by OVID were as
follows: schizophrenia spectrum.mp. OR psychotic disorder.mp.
OR exp psychosis/AND (sms or short messag* service* or
texting or text messag*).mp. OR (mobile apps* or smartphone
app* or telehealth) OR (eHealth or mHealth or mobile health
or internet intervention or web-based treatment or web-based
intervention or wearabl*).mp.

Reviewer Protocol
Studies resulting from the initial search were exported into a
reference manager (EndNote; Clarivate) [23], where the initial
deduplication occurred, and then transferred into a web-based
review management system, where the system again identified
duplicates (Covidence; Veritas Health Innovation) [24]. This
platform also allowed for the independent review of each study
for inclusion. Authors (JD, MI, LT, AZ, and TA) conducted the
review using the title, abstract, and full text. Review conflicts
were reviewed by the first author (JD) and team and, if needed,
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by the last authors (SK and GF). At least 2 reviewers reviewed
each publication.

Data Extraction
Both qualitative and quantitative data were extracted from the
included studies. First, methodological information was
collected, including research design and publication type, sample
size, diagnostic group, length of study, and outcome measures.
Second, intervention information was collected on the digital
intervention target, the type of technology used, the
evidence-based approach used, and the length of the
intervention. Third, study outcome data were extracted,
including qualitative or descriptive and quantitative data
regarding primary outcomes. Both qualitative and quantitative
data are reported descriptively.

Analysis
The reported results are descriptive, in line with scoping review
methods, and provide a high-level overview of key findings.
Extracted data are charted according to the type of technology
used, followed by subcategories regarding the stage of research
(eg, development, pilot feasibility and efficacy, and effectiveness
and implementation trials), themes, and issues uncovered
through data synthesis. Of note, we distinguish between blended
care and multitechnological interventions. Blended care is

defined as integrating technology into traditionally delivered
care (ie, in-person care) [25], whereas we define
multitechnology interventions as using >1 technological
platform and may be integrated with traditional or virtual care.
Furthermore, given the large number of included studies,
findings report on primary outcomes. A more detailed review
would be required to investigate secondary and tertiary findings.
Primary outcomes pertaining to feasibility use highly varied
measures; therefore, we provided a high-level description of
outcomes.

Results

Overview
Our search yielded 999 studies, of which, through careful
review, 92 (9.21%) studies were included (refer to Figure 1 for
details of the search exclusion), investigating approximately 50
unique interventions. It is difficult to know the exact number
of unique interventions as this is not always clearly reported.
Included studies were published in a range of countries,
predominately in North America (40/92, 43%), Europe (33/92,
36%), Australia (13/92, 14%), and East Asia (7/92, 7%). Studies
were published from 2010 to 2023, with the majority published
between 2018 and 2020 (50/92, 54%; Figure 2).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) breakdown of search results. Description of the review
process that determined the included and excluded studies.
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Figure 2. Number of publications over time by technological modality.

We primarily examined results through the intersecting lens of
technology type and stage of research (ie, study design and aim).
Among the 92 included studies, 11 (12%) focused on web or
internet-based interventions, 25 (27%) examined smartphone
apps, 16 (17%) investigated SMS text messaging, and 40 (43%)
used multiple types of technology to deliver the interventions.
No included studies used wearable technology to deliver an
intervention. Studies included in this review that used
videoconferencing or phone calls did so in combination with
other types of technologies and are thus counted under
multitechnology interventions.

Regarding the stage of the included research, of 92 studies, there
are 5 (5%) qualitative studies investigating development and
patient experiences, 32 (35%) pilot trials (26/32, 81% open
trials and 6/32, 19% randomized control trials [RCTs]), 13
(14%) protocol papers, 23 (25%) conducted RCTs, 16 (17%)
secondary analyses (both quantitative and qualitative), 3 (3%)
nonrandomized trials, and no implementation trials. Given the
number of secondary analyses, it is important to note the number
of unique technologies being studied to reflect a potentially
more accurate picture of the spread of digital mental health that
is leveraging personal technologies in this population. There
are 50 unique technologies studied within the 92 included
studies. Several unique technologies (19/50, 38%) are
investigated in >1 publication, with several published protocols
suggesting ongoing investigations using these interventions.
Contextually, it is important to note that all included trials
recruited from mental health care clinics and institutions
providing traditional care, and as such, all interventions included
in this study can be considered blended or integrated to varying
degrees with traditional care.

Overall Feasibility
Factors of feasibility in included studies vary, such as measures
of acceptability, usability, technology engagement, and user

feedback. The vast majority of included studies report high
levels of acceptability and usability. Technology and user
feedback are mixed and reveal several high-level themes. First,
technology engagement tends to decrease over time regardless
of technology type. Second, many studies report self-reflection
and therapeutic rapport as positive features of using these
technologies. Third, various types of prompts were used with
varying success to enhance engagement.

Safety and Privacy Outcomes
Across all technologies and all study designs, 60% (55/92) of
the studies did not report on any safety indices at all. The most
common indicator (31/92, 34%) of safety used was reporting
serious adverse events (SAE) and adverse events (AE). Most
studies reported that no SAEs or AEs were related to the
technological intervention, and if there were any present, they
provided a short description of the SAE or AE. Furthermore,
the vast majority of the studies (64/92, 70%) did not comment
on the privacy measures taken by the study team or built into
the technology used to deliver the intervention.

Overall Efficacy
There were 16 RCTs and 1 pilot RCT examining the efficacy
of the technological intervention as its primary outcome; see
Table 1). Regarding methodology, most RCTs use TAU (10/17,
58%) as their comparison group, with others using varying
active comparisons, including phone calls, films, sham apps,
and other therapies. RCTs were most commonly reported using
single-blind designs (7/17, 41%); however, 2 (12%) were double
blinded, and 8 (47%) did not use blinding procedures for their
assessors or participants. Approximately 52% (9/17) of the trials
showed a positive change (ie, improvement in target) during
the course of the intervention in favor of the technology, with
another showing positive change in 1 primary outcome but not
both [26] and another showing no overall change but a change
in the positive symptom subscale scores [27]. Compared to the
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control, 47% (8/17) of the RCTs show significant group
differences in their primary outcome, with the same 2 studies
reporting significant group differences in part of their primary
outcomes [26,27]. Only 4 studies reported effect sizes, with 3
being interpretable as medium to high and 1 as low [28-31].
The type of effect sizes reported were inconsistent across studies

and thus were interpreted as low, moderate, and high based on
suggested interpretation guidelines for each type of effect size
to aid in comparison. A more detailed examination of efficacy,
which includes all study types with primary efficacy outcomes,
can be found in the sections below divided by technology type.
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Table 1. Included original randomized control trials with primary efficacy outcomes.

Study outcomesStudy design informationTechnological intervention informationAuthor,
year

Ef-
fect
size

Signifi-
cant
group dif-
ference

Signifi-
cant
change

Primary
outcome

Blind-
ing

ControlSam-
ple
size

PopulationLength
(months)

Ap-
proach

TargetNameType

NRdNoNoMotivat-
ed behav-
ior

SingleTAUc32SSDsb3MixedMotiva-
tion

PRIMEAppa and
SMS text
message +
hone

Schlosser
et al [32],
2018

Medi-
um

YesYesCognitive
function-
ing

Dou-
ble

Sham100SSDs4Mixed

and CRe
Motiva-
tion

PRIMEApp and
videoconfer-
ence

Fisher et
al [28],
2023 to

high

NRYesYesParanoiaSingleTAU361SSDs3CBTfParanoid
ideation

Slow-
Mo

App and
web-assisted
therapy (ad-

Garety et
al [33],
2021

junct to 8 in-
person ses-
sions)

NRYesYesSymptom
severity

NoneSham290Schizophre-
nia

12Symp-
tom
monitor-

Symptom
severity

MON-
EO

App,
provider web
portal, and
telemedicine

Krzys-
tanek et
al [34],
2019 ing and

CR

NRYesYesMedica-
tion adher-
ence

NoneTAU120Schizophre-

nia or BDg
6NRMedica-

tion adher-
ence

TelcaSMS text
messaging
and phone
calls

Schulze
et al [35],
2019

NRNoNoQuality
of Life

NoneTAU118SMIh6NRMedica-
tion adher-
ence

TelcaSMS text
messaging
and phone
calls

Stentzel
et al [36],
2021

LowYesYesSymptom
severity

SingleTAU
and
sham

229SSDs or
BD1

3CBTSymptom
severity

CBT2GoApp and sin-
gle in-person
therapy ses-
sion

Depp et
al [29],
2019

HighYesYesMedica-
tion adher-
ence

SinglePhone
calls

84Schizophre-
nia

6NRMedica-
tion and
illness
manage-
ment

WeChatEmbedded
onto social
media app

Zhu et al
[30],
2020

NRAdher-
ence: no;

Adher-
ence:

Medica-
tion adher-

SingleSMS
text

28SSDs3NRMedica-
tion adher-

TIPSSMS text
messaging

Beebe et
al [26],
2014 symp-

toms: yes
no;
symp-
toms:
yes

ence and
symp-
toms
severity

messag-
ing vs
phone
vs com-
bined

ence and
symptom
severity

versus phone
Calls

NRYes: posi-
tive

Yes:
positive

Symptom
severity

NoneTAU40Schizophre-

nia or SZAi
6NRRelapse

preven-
tion

T4RPSMS text
messaging

Cullen et
al [27],
2020 symp-

toms only
symp-
toms on-
ly

NRYesYesMedica-
tion Ad-
herence

NoneTAU254Schizophre-
nia

3NRMedica-
tion adher-
ence

NRSMS text
messaging

Montes et
al [37],
2012
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Study outcomesStudy design informationTechnological intervention informationAuthor,
year

Ef-
fect
size

Signifi-
cant
group dif-
ference

Signifi-
cant
change

Primary
outcome

Blind-
ing

ControlSam-
ple
size

PopulationLength
(months)

Ap-
proach

TargetNameType

NRNRNoGoal at-
tainment

NoneTAU62SSDs1.75NRActivity
achieve-
ment

NRSMS text
messaging

Pijnen-
borg et al
[38],
2010

NRNoNRRehospi-
talization

NoneTAU1139SSDs12SDTjRelapse
preven-
tion

NRSMS text
messaging

Välimäki
et al [39],
2017

Medi-
um

YesYesMedica-
tion Ad-
herence

SingleTAU278Schizophre-
nia

6NRMedica-
tion adher-
ence

LEANSMS text
messaging

Xu et al
[31],
2019

NRNoNoSymptom
severity

NoneThree
condi-
tions

300Psychosis12Peer
support

Symptom
severity

NRInternet
based

Kaplan et
al [40],
2011

NRNoNoSymptom
severity

SingleTAU101SSDs2CBTSymptom
severity

iCBTpInternet
based

Wester-
mann et
al [41],
2020

NRNoYesSocial
function-
ing

Dou-
ble

Sham24Schizophre-
nia or SZA

2.25SCTkSocial
function-
ing

CLIMBApp,
telemedicine,
and SMS
text messag-
ing

Dabit et
al [42],
2021

aApp: smartphone app.
bSSD: schizophrenia spectrum disorder.
cTAU: treatment as usual.
dNR: not reported.
eCR: cognitive remediation.
fCBT: cognitive behavioral therapy.
gBD: bipolar disorder.
hSMI: serious mental illness.
iSZA: schizoaffective disorder.
jSDT: self-determination theory.
kSCT: social cognition training.

Detailed results are outlined in the subsequent sections and
focus on the stage of research and notable results. Key gaps and
future directions are explored in the Discussion section. A
summary of the included studies can be found in Multimedia
Appendix 1 [26-120].

Multiple Technology Interventions

Overview
The largest proportion (40/92, 43%) of the included studies
investigated interventions that leveraged multiple types of
personal technologies. Multiple distinct personal technologies
within 1 intervention were identified if they served (1) distinct
purposes or (2) two distinct modes of communication. For
example, an ecological momentary assessment (EMA)
embedded with a mobile app would be considered 2 distinct
technologies as an EMA collects information, whereas the
mobile app shares information. In contrast, an addition of
modules to an already existing web platform serves the same

purpose as the original web platform and would count as 1
technology. Most commonly, interventions combined the use
of a smartphone app and a web page that could be accessed by
either a clinician or peer support [29,33,34,43-49], with some
additionally combined with targeted in-person intervention
sessions [33,47]. Other technology combinations included
smartphone apps to deliver resources with added EMA and
intervention approaches [50] and a web page [51] or wearable
technology [52] to help users self-manage their mental health.
Other combinations still included using a smartphone app or
web page in combination with communication technology such
as SMS text messaging [29,53,54], phone calls,
videoconferencing [32], and email [55]. Finally, 2 interventions
engage various communication strategies, such as SMS text
messaging and phone calls [35,56] and a smartphone app, SMS
text messaging, and telemedicine [42].

Of the 40 included studies investigating interventions leveraging
multiple personal technologies 2 (5%) were development papers
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[57 ,58 ] ,  14  (35%)  were  p i lo t  s tud ie s
[42,43,45,49,51,53,54,59-65], 6 (15%) were RCT protocols
[47,48,52,56,66,67], 8 (20%) were RCTs [28,29,33-36,64], 9
(23%) were secondary analyses [44,55,68-72,74,75], and 1 (2%)
was a nonrandomized trial [46]. There are 17 unique
multitechnology interventions investigated using the 40 included
studies. Targets of the multitechnology interventions included
illness self-management (5/17, 29%) [43,52,55,58,62], relapse
prevention (3/17, 18%) [46,47,49], medication adherence (2/17,
12%) [51,56], general symptom severity (2/17, 12%) [29,34,48],
social functioning (1/17, 6%) [42], motivation (1/17, 6%) [53],
coping with auditory hallucinations (1/17, 6%) [50], negative
symptoms (1/17, 6%) [54], and cognitive function (1/17, 6%)
[70]. Evidence-based approaches are reported by 77% (13/17)
of these interventions, including cognitive behavioral therapy
(CBT; n=3, 23%); peer support (n=1, 8%); cognitive remediation
(n=1, 8%); information motivation behavioral skills (n=1, 8%);
connectedness, hope and optimism, identity, meaning, and
empowerment (n=1, 8%); social cognitive theory (n=1, 8%);
and mixed approaches (n=6, 46%). For all studies (29/92, 32%)
that investigated any of the 17 multitechnology intervention,
the trial lengths ranged from 1 visit to 60 months, with a mode
of 3 months.

Feasibility
Studies (23/40, 58%) investigating feasibility-related variables
as the primary outcome reported varying measures of
engagement, including study retention, intervention retention,
and various means of measuring technology engagement (eg,
number of log-ins per period, number of tasks completed, and
number of responses). Regarding study retention, included
studies reported good retention rates of 78% to 100% [28,43].
However, technology or intervention retention tended to
decrease over time and was 42% to 52% at the end of the
intervention periods [43,60]. Technology use over time also
tended to decrease over time regardless of the measurement
[28,43,60]. Despite this, studies reported high levels of response
or completion throughout the study period (70%-84%)
[49,51,53,59]. One study reported a relatively low response rate
(22%); however, this represented a homework completion rate
of at least once per week [54]. Another study reported on
clinician engagement with the connected clinician portal (67%
log-in rate), which was much lower than patient engagement
(80% response rate) [49]. Some studies reported on factors
impacting intervention engagement, which included low mood
or depression [44,68], negative symptoms and low motivation
[44], and fluctuations in wellness [71]. Technological factors
were also reported to impact engagement. Specifically, ease of
navigation, accessibility of resources, the fit of technology
[44,71], and concerns regarding privacy [69] impacted
engagement, whereas coaching facilitated engagement [53,55]
as long as it did not feel too scripted [53]. Overall, patients
tended to endorse the technologies as easy to use and helpful
and were satisfied with the technology or interested in continued
use [43,49,51,53,117].

Of note, 7 (30%) feasibility studies of the 23 included
multitechnology studies focused on 1 intervention
[58,61,63-65,72,75] in varying populations (ie, psychotic and
mood disorders), in different contexts (ie, outpatient, assertive

community treatment, and veteran association hospital), and
with different comparison groups and augmentations (ie, the
addition of video content and phone calls from interventionists).
Throughout these studies, participants and clinicians rated the
acceptability and usability of the intervention as high.
Participants could access the app at any time, and the app sent
out prompts and phone calls to support app engagement.
Participants responded to most prompts [64,65] and phone calls
from the mobile case manager or interventionist [65]. Despite
this, patient app engagement over time declined in the studies
that measured use over time [63,64] but reported better
engagement over time compared to an in-person group [64].
One study reported on cost-effectiveness and found that the
technologically supported intervention was significantly less
costly, with no significant differences in efficacy compared to
a fully clinician-delivered intervention [73].

Efficacy
Studies examining the efficacy of multitechnology interventions
as a primary outcome (10/40, 25%) [29,32-36,42,46,70,74]
reported mixed findings across a wide range of specific
outcomes. One study examining self-guided CBT did not report
an overall significant difference in symptom severity compared
to TAU [29]. Another study investigating technology-assisted,
clinician-delivered CBT for paranoid thinking found that the
intervention significantly reduced paranoia across 3 measures
at the end of a 3-month intervention compared to TAU [33].
Studies investigating social-cognitive-functional domains
reported significant impacts on aspects of global cognition,
attention [28], motivated behaviors (ie, anticipatory pleasure
and improved effort expenditure for future social interaction)
[32], improvements in affective symptoms [34], the
identification of correct answers and cognitive fatigue [70], and
social functioning [42]. A smartphone app–clinician portal alert
system reported significant reductions in relapse, rates of
hospitalization, and urgent care needs [46]. An intervention
comprising biweekly clinician phone calls and weekly SMS
text message check-ins showed improvements in medication
adherence compared to controls [36]; however, it did not show
improvements in other areas such as global functioning or
quality of life [35].

Smartphone App Interventions

Overview
Of the 92 included studies, research investigating the use of
smartphone apps included 25 (27%) publications, of which 2
(8%) were development papers [76,77], 8 (32%) were pilot
studies [76,78-84], 1 (4%) was a nonrandomized study [85], 6
(24%) were protocol papers for RCTs [50,86-90], 3 (12%) were
RCTs [30,91,92], and 5 (20%) were secondary analyses [93-97].
The average length of interventions was 4 months (range: 1
visit to 12 months and modes: 3 and 12 months). Pilot feasibility
studies typically lasted 1 to 2 months; pilot efficacy trials lasted
2 to 6 months; and randomized trials lasted 3 or 12 months,
including protocols. Sample size within trials is also highly
variable (mean 41.65; median 31, range 8-229).

There were 15 unique smartphone app interventions investigated
in the 25 included studies. Most of the included smartphone
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interventions were positioned as adjunctive to traditional mental
health care or TAU and were aimed at illness self-management
[76,80,88,91]; medication adherence [30]; and symptom severity
[81,86,89,92], including specific domains such as auditory
hallucinations [84,90], social skills [79,82], and metacognition
[85]. Most apps reported evidence-based foundation therapeutic
approaches, most commonly CBT (6/15, 40%)
[76,78,81,83,84,89], followed by social skills training (1/15,
7%) [77], positive psychology (1/15, 7%) [82], acceptance and
commitment therapy (1/15, 7%) [76], metacognitive intervention
for schizophrenia (1/15, 7%) [85], or report mixed approaches
(3/15, 20%) [88,91]. However, some (2/15, 13%) [30,80,90]
interventions do not report following a specific evidence-based
approach or omit this information. Two (2%) of the 15 included
app interventions were specifically blended with in-person care
[84,92].

Feasibility
Of the 25 studies investigating apps, there were 12 (48%) studies
that reported primary outcomes related to the feasibility of apps
[78,80-84,91-96]. All feasibility studies investigating apps
reported high levels of acceptability, usability, and satisfaction.
Studies using a prompt or EMA system reported medium to
high response rates of 33% to 81% [33,92,93]. Studies reporting
on task or module completion also reported medium to high
completion rates of 42% to 95% [78,81,82,92]. Of 12 feasibility
studies, 2 (17%) studies reported that engagement with apps
decreased over time [91,94], 1 of which reported that 50%
stopped using the app within 3 months [91]. Facilitators of app
engagement were functions allowing synchronous
communication with clinicians [81], integration of face-to-face
sessions [96], and stronger therapeutic alliance [94], whereas
barriers to engagement were lack of clinician support using the
app, concerns regarding therapy [91], feeling the app was not
personable, and there were too many sessions or prompts
[81,83]. Some studies found participant factors associated with
app engagement, such as age, employment status, race, and
smartphone ownership [93,94].

Efficacy
Of 25 studies, 4 (16%) examined the efficacy of interventions
delivered via smartphone apps [30,79,85,98], of which study
examined an app delivering self-guided CBT [98]. Regarding
overall symptom severity, a pilot study found significant changes
across recovery and symptom outcomes [98]. Another pilot
study examined the delivery of self-guided social skills training
and found a moderate impact on social functioning at the end
of the intervention; however, it found that gains were not
maintained at follow-up [97]. A nonrandomized control
comparison study found that a smartphone-delivered
metacognitive therapy augmented by weekly mentoring sessions
found positive impacts on metacognition, delusions, general
pathology, and negative symptoms [85]. Finally, an RCT
examined the effect of medication reminders sent through a
smartphone app and reported that compared to TAU, those
receiving reminders showed significantly better medication
adherence, with large effect sizes reported [30].

SMS Text Messaging Interventions

Overview
In this review of 92 studies, 16 (17%) were included in which
an intervention using SMS text messaging was investigated. Of
the 16 papers, 1 (6%) was a development paper [99], 2 (12%)
were protocol papers [100,118], 4 (25%) were pilot trials (ie, 2
(12%) were open trials [101,102] and 2 (12%) were pilot RCTs
[103,104]), 6 (38%) were RCTs [26,27,31,37-39], and 3 (19%)
were secondary analyses [105-107]. The sample sizes varied
greatly between 14 and 1139 (mean 181, SD 274.7); however,
most were <100 participants (10/16, 62%). The length of the
intervention varied from 1 to 18 months, with a mean of 4
months and a mode of 6 months.

There were 11 unique SMS interventions investigated within
the included 16 studies. Most (n=9, 82%) did not report
following a specific evidence-based model, with one reporting
the use of CBT [102], and another Self-Determination Theory
[39]. Interventions using SMS text messaging targeted a variety
of outcomes, mainly in the form of reminders, such as
medication adherence (4/16, 25%) [26,31,37,102], appointment
attendance (1/16, 6%) [100], and relapse and rehospitalization
rates (1/16, 6%) [27]. Beyond service engagement, some studies
aimed to support clinical outcomes, such as auditory
hallucinations [102], social skills [102], goal attainment [38],
and general support [39,101,103,105]. Most SMS-based
interventions were framed as adjunctive care, and only 1 was
reported as being intentionally blended with traditional care
[103]. Most SMS-based interventions did not report to follow
a specific evidence-based approach. One intervention was based
on CBT [102], and another was based on self-determination
theory [39].

Feasibility
Of the 16 studies investigating SMS text messaging, 5 (31%)
reported feasibility as the primary outcome. Studies reported
high text message response rates (69% to 87%) [101,103,104]
and high levels of satisfaction, ease of use, and helpfulness of
SMS text messages [103,104,107]. One of the 5 feasibility
studies even found that therapeutic alliance was higher with the
SMS text message interventionists compared to participants’
community-based clinicians [101]. Another study explored areas
that participants found useful to discuss with SMS text message
interventionists, including mental health symptoms, coping
strategies, lifestyle or well-being, social or leisure activity,
motivation, and independent living skills [106].

Efficacy
Of the 16 included studies that investigated SMS text messaging,
13 (81%) reported on efficacy outcomes. The reported efficacy
of SMS text messaging interventions seemed to vary depending
on the outcomes measured. Most studies investigating SMS
interventions aimed at medication adherence were associated
with greater rates of adherence [31,37,102,105], especially
among individuals with schizophrenia who were living
independently [102]. Effects on medication adherence may be
bolstered by the addition of phone check-ins by clinicians [26].
However, drop-off effects may occur once the reminders are
no longer delivered [119]. In addition, there seemed to be
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potential positive effects on rehospitalization rates [31];
however, results were mixed as other researchers did not find
evidence of a reduction in hospital admission rates, the time
between hospitalizations, or time spent in a psychiatric hospital
[39]. Regarding changes in recovery and symptom severity,
some studies reported improvements in negative symptoms,
positive symptoms [27], cognition, and global clinical symptoms
[37]. These results were strengthened when the SMS text
messaging intervention was coupled with a secondary
intervention (eg, telephone intervention or assertive community
treatment) [26,103]. Other researchers did not find significant
improvements in symptom severity [39]. Mixed outcomes were
reported for social and community functioning [38,104,105].
Studies reported mixed findings regarding service engagement.
One study reported improved therapeutic alliance with their
mobile clinician compared to in-person clinician visits, and
participant feedback results reflected a sense of support among
users when receiving daily SMS text messages [101,106].

Internet-Based Interventions

Overview
Of the 92 included studies, 11 (12%) described internet-based
interventions that were not paired with other technology. Of
these 11 papers, 1 (9%) was a cross-sectional study [108], 5
(45%) were pilot trials [109-112,120], 2 (18%) were RCT
protocols [113,114], 2 (18%) were RCTs [40,41], and 1 (9%)
was a secondary analysis [115]. The sample size of included
studies examining internet-based interventions ranged from 10
to 300, with approximately 50% being >100 (mean 97). The
length of the intervention ranged from 2 to 26 (mean 9; modes
2 and 18) months. There were 8 unique interventions
investigated within the included 11 studies. The internet-based
intervention treatment targets included recovery [110,113],
cognition [112,120], working memory [111], symptom severity
[40,41], and illness self-management [108]. Most internet-based
interventions reported to be based on an evidence-based
framework, including connectedness, hope and optimism,
identity, meaning, and empowerment [110]; cognitive
remediation [111,112,120]; CBT [41]; peer support [40]; and
mixed approaches [113].

Feasibility
Of the 11 studies examining internet-based interventions, 6
studies examined feasibility using varied measures of feasibility
and engagement. Study attrition was reported between 64% and
100% [109,112,114,120]. Given the range of interventions
delivered, intervention engagement was measured differently
in each study based on the intervention design. Of the 11 studies,
1 (9%) reported the number of log-ins (eg, mean 39.2 over the
intervention) [109], 1 (9%) reported the mean time spent on the
website per week (eg, 3 h/wk) [120], another (9%) reported
percentage of participants completing at least 80% of modules
according to a predetermined meaningful completion rate (eg,
70% of participants completed 80% of modules) [112], and 1
(9%) reported the percentage of participants that used the
website (eg, 41% of participants used the website) [108]. Of
the 11 studies, 2 (18%) reported that participant factors impacted
engagement, such that younger age [108,120], higher education

[108], being employed [108], and lower cognitive symptoms
[120] led to better engagement.

One study specifically reported integrating a website into regular
therapy sessions and found that the website was used in 95%
of therapy sessions [114]. Qualitative feedback related to the
use in sessions included that the website helped facilitate
conversation and reflection in their sessions and was a key tool
for engagement, leading to increased perceived recovery [114].
However, only 60% of participants reported use outside of
sessions [114]. Another study presented findings related to a
self-guided website [115] and found that the self-guided nature
to some was motivating and cultivated a sense of autonomy in
recovery, whereas others found the self-guided nature
overwhelming, which interrupted engagement. Positive aspects
reported related to the self-guided website were having
at-demand resources more so than any clinician-driven service,
having the means to distract from distress in a meaningful,
positive way, and having the ability to interact with peers and
psychoeducation was a normalizing experience [115].

Efficacy
Of the 11 studies examining internet-based interventions, there
were 3 (27%) that reported primary outcomes pertaining to the
efficacy of internet-based interventions [40,41,111]. Each of
these interventions focused on different evidence-based
approaches. One study examined the impact of online peer
support (ie, comparing anonymous listserve group email
communication or communication with peers via web-based
bulletin board compared to TAU) on subjective recovery, quality
of life, empowerment, and social support [40]. No significant
group differences were found with regard to online peer support
and the control group for either the listserve or bulletin board
communication types [40]. Another study investigated remote
cognitive remediation (ie, web-based computerized tasks,
psychoeducation, and strategy development paired with weekly
clinician calls) targeting working memory [111]. Compared to
TAU, remote cognitive remediation was associated with
improved working and episodic memory, with medium effect
sizes reported [111]. Finally, another study looked at the effects
of self-guided CBT for psychosis on various psychotic
symptoms compared to a waitlist condition [41]. Individuals
receiving self-guided CBT for psychosis demonstrated greater
improvements in symptoms overall and self-reported
hallucinations compared to the waitlist condition, with a small
to medium effect size reported [41]. However, the study did not
find significant differences in other positive psychotic symptoms
[41].

Discussion

Principal Findings
The primary aim of this review was to provide a high-level
overview of the use of personal technologies in research on
digital mental health interventions for individuals with SSDs.
Publication patterns show rapid growth in the area over the past
5 to 7 years, highlighting increasing interest in this area [10-12].
The lower number of publications reported for 2021 to 2023 is
likely partly attributable to a combination of the large number
of protocols published in 2020, as many of these trials may still
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be underway, and research challenges related to the COVID-19
pandemic. Personal technologies leveraged most often included
the use of smartphone apps or an app in combination with other
technology, such as a clinician web portal.

Our review confirms that personal technologies have already
garnered acceptance among individuals with SSDs, as evidenced
by consistently high ratings of acceptability, usability, and
satisfaction. Some studies even report that augmenting care
with technology improved engagement in traditional in-person
or remote care [44,101,106]. In included studies which report
participant feedback, participants typically report that these
technologies facilitate self-reflection and understanding, better
communication with their clinical teams, improved access to
evidence-based resources, and support in times of need. Findings
related to feasibility presented in this review are similar to
findings reported elsewhere for groups with SMI [121].

Despite the high levels of acceptance and interest, sustained
engagement in technological interventions is an ongoing concern
[122] and is not well understood. Measures of engagement are
highly inconsistent across studies, and include module
completion, response rates, skills and homework completion,
and number of posts, making it almost impossible to understand
a cohesive story regarding engagement with digital tools in
groups with SSDs. While simple metrics such as screen clicks
or the number of days or hours used are commonly reported,
the field lacks an understanding of clinically meaningful
engagement for this metric [123]. Beyond access metrics, there
is no consistent measure of technology use. The challenge of
heterogeneity in engagement metrics is already well known
[124], but a lack of progress in agreement around these common
metrics hinders future advances in the field [125]. Furthermore,
likely in part owing to a lack of definition in this area, means
of addressing technology disengagement are also poorly
understood. A review examining the use of persuasive system
design (design features designed to address or enhance
engagement) in technologies designed for use in depression and
anxiety reported that persuasive system design efforts did not
systematically lead to improved engagement but are associated
with improved efficacy [126].

Moreover, some ongoing challenges may impact the feasibility
of using such technologies in practice, including understanding
the link between privacy protections embedded in these
technologies and meaningful engagement. Privacy concerns are
seldom outlined in the included publications, which may result
from the dearth of available guidelines, policies, and reporting
standards. Privacy concerns are often cited by health care
providers as a key barrier to the use of technology in practice
[127], and as such, to encourage technological adoption, more
data on privacy features needs to be made available. There is
also a dearth of information regarding patient safety and urgent
or crisis resources and support. In this review, most of the
included studies (55/92, 60%) did not report on safety at all,
which is well above the proportions reported across the field of
digital mental health (35%) [128]. The most common safety
indicators reported in this review and across the field [128] were
SAEs and other AEs, which are often mandatory reporting
standards for ethics boards and do not provide nuanced
information regarding technology use and patient well-being.

Furthermore, there are promising early results regarding
efficacy, but overall findings are mixed. Pilot studies tend to
show more optimistic outcomes across a range of mental health
outcomes; however, once studies reach the RCT phase, findings
become more mixed. Similar descriptions are found in other
areas of SMI, such as bipolar disorder [129]. In areas such as
depression and anxiety, where more research on efficacy has
been conducted, clearer conclusions about effectiveness can be
drawn [130]. In the included RCTs, it does not appear that study
procedures, such as blinding, type of technology, or sample
size, systematically impact outcomes, as no obvious patterns
have emerged between study type or methodology. However,
with few studies featuring an active control group, any
assessment of efficacy is still preliminary. Future studies should
consider the active intervention when planning a control group
and the purpose of the technology (eg, if testing an
evidence-based treatment that is typically delivered in person
and not included in TAU, then TAU would not be an active
control group, such as an in-person service delivering the
evidence-based treatment would better represent an active
control). However, there are some interventions that have
garnered significant support and exhibit positive early results
[33,53,60,84,86,113].

Of note, all included studies used samples of individuals
currently in treatment and thus were all offered adjunctly to
traditional clinician-delivered care. However, few studies
described how the technology was blended or integrated into
the care structure. As such, the field provides little direction on
the role of technology and its integration into existing care
models. Furthermore, there were few clinical integration and
effectiveness studies, underscoring the next frontier for this
research in SSDs. It is important to understand how external
factors, including primary treatment methods, may impact
engagement, efficacy, and effectiveness. For example, the
included studies that described the role of technology within
the clinical context described technology-forward (ie,
self-guided and clinician-supported) and clinician-forward (ie,
clinician-delivered and technology-supported) interventions.
Clinician-forward interventions, in our small sample of studies
that described clinical integration, seemed to demonstrate better
engagement [96] and better outcomes [33,84,96] than
technology-forward interventions, depending on the target and
treatment approach [29].

Other reviews reported mixed findings in relation to blended
(technology-supported) approaches. One review and
meta-analysis of digital mental health interventions across
disorders suggested that technology-supported interventions
outperform (Hedges g=0.16; P<.001) traditional TAU (solely
clinician-delivered) [131]. However, this review did not report
on the more nuanced technological differences that we highlight
in this review regarding whether the intervention was delivered
by the technology (ie, technology-forward) or supported
clinician-delivered care (ie, clinician-forward). Another review
and meta-analysis suggested that technology engagement was
associated with efficacy regardless of intervention type (ie,
guided or unguided) [132], suggesting that engagement may be
the underlying mechanism for effectiveness in these trials rather
than the level of clinician involvement. Therefore, more research
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is needed to define the role of technology within clinical spaces
to understand the implementation and best practices related to
technology-assisted care.

Future research in this promising area should focus on the
identified key gaps to move the field toward implementation
readiness. First, studies should clarify the technology’s intended
role, intervention targets, and functionality. This is important
for understanding implementation into existing clinical
structures and interpreting study outcomes. Second, given the
significant barriers of safety and privacy to clinical adoption, a
more detailed exploration of safety and privacy indices is
critical. Finally, a better understanding of barriers to
participating in and disengagement from digital interventions
is crucial for understanding its usefulness and scope in clinical
settings.

Limitations
There are several limitations to this review. First, as a scoping
review, we could not provide a detailed review of each study
but rather a high-level examination of the findings in the field
to date. Therefore, data have been synthesized and presented in
accordance with outlined scoping review guidelines, and, as
such, the methodological quality of each study was not
rigorously reviewed. Second, we limited our search to using
personal technologies to deliver or support specialized care for
individuals with SSDs. Other technologies are being used in
SSD treatment that this review did not include, such as virtual
reality, avatar therapy, cognitive remediation, brain stimulation,
and more. Third, we restricted this review to outcomes directly
related to general recovery (ie, core symptoms and functioning)
and treatment engagement and did not focus on specific domains
such as cognitive deficits. Fourth, other interventions exist for
comorbid conditions, such as substance use and smoking
cessation [133], physical activity [134], and resources for family

and social support [135]. Finally, we only included technologies
that were used to deliver interventions; we did not include
studies that were used to improve the understanding of SSDs,
such as observational methods (eg, technology-assisted EMA
or health services–based interventions, including those that are
embedded in electronic medical records for medication
algorithms, symptom monitoring, or other purposes). Future
reviews may consider focusing on these additional areas of
digital mental health to understand how other technologies may
support the recovery of individuals with SSD diagnoses.

Conclusions
Overall, using personal technologies to deliver specialized care
requires more careful consideration before advocating for broad
implementation, highlighting the same challenges as other
psychotherapeutic intervention research. Namely, the prolonged
time between investigation and implementation is due to varied
findings and a lack of cohesive targets and direction. Despite
these challenges, as evidenced by this review, there is great
promise for leveraging personal technology in mental health
care to help provide pieces of the holistic care necessary for
recovery in SSDs. Multifaceted mental health conditions such
as SSDs are highly heterogeneous and may require multifaceted
and flexible interventions. Although the exact nature of
meaningful technological support is still being discovered, the
studies in this review overwhelmingly demonstrate how flexibly
personal technologies can support recovery from medication
adherence to potentially delivering complex psychosocial
interventions such as CBT. Furthermore, studies clearly
demonstrated the feasibility of personal technologies to extend
access to specialized information beyond traditional care and
into everyday life. Therefore, these technologies are well suited
to be integrated into existing specialty care structures for
individuals with SSD diagnoses.
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