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Abstract

Objective: Despite the potential benefits of mobile mental health apps, real world results indicate
engageabilty issues due to low uptake and sustained use by patients. This study investigated how
user engagement indicators of mental health apps are measured and reported.

Methods: A systematic review was performed in July 2018 of PsycINFO, Ovid MEDLINE, the
Cochrane Central Register of Controlled Trials and AMED, Embase and HMIC databases for
published papers presenting results of mental health apps for depression, bipolar disorder,
schizophrenia and anxiety reporting user engagement indicators, namely “usability,” “user
satisfaction,” “acceptability,” and “feasibility.” The subjective and objective criteria used to assess
user engagement indicators, among other data, were extracted from each paper.

Results: The search returned 925 results from which 40 papers were found to be eligible. Every
study reported positive results for the usability, satisfaction, acceptability and/or feasibility of the
app in that study. 36 (90%) studies employed 371 indistinct subjective criteria that were assessed
using surveys, interviews, or both. Of these, 23 studies employed custom subjective scales, as
opposed to a standardized assessment tool. 24 studies (60%) employed objective criteria,
amounting to 71 indistinct measures. No two studies used the same combination of subjective
and/or objective criteria to determine the usability, satisfaction, acceptability and/or feasibility of
their app.

Conclusion: The high heterogeneity and use of custom criteria to assess mental health apps in
terms of usability, user satisfaction, acceptability or feasibility present a challenge for
understanding real world low uptake of these apps. This discrepancy between every study claiming
high user engagement indicators suggests a need for the field to focus on engagement through the
creation of reporting standards and more careful consideration of claims.

jtorous@bidmec.harvard.edu.
Disclosures and acknowledgements: None of the authors declare any conflicts of interest.
Previous presentations: N/A



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ng et al.

Page 2

INTRODUCTION

Mobile technologies are increasingly owned and utilized by people around the world. With
this rise in pervasiveness comes the potential to increase access to and augment delivery of
mental health care. This can occur in multiple ways, including patient-provider
communication, self-management, diagnosis and even treatment (1). Early evidence
concerning the efficacy of mobile mental health apps has created a wave of enthusiasm and
support (2). The potential scalability of these app-based interventions has been proposed as a
means of addressing the global burden of mental illnesses and offering services to those who
are in need but previously have not been able to access care (3). Even in developed
countries, where access to mental health services remains inadequate, app-based
interventions have been proposed as innovative research, screening, preventive and care
delivery platforms (4). The 10,000 mental health apps currently available for immediate
download from the Apple iTunes or Google Android Play marketplaces speak to their easy
availability, as well as people’s high interest (5).

But neither potential, interest, nor availability alone has translated into the often forecasted
digital revolution for mental health. While there are many possible explanations for this, one
factor is the poor uptake of mental health apps (6). User engagement studies have the
potential to shed valuable insight here. Many papers that evaluate mental health apps include
a study of usability, user satisfaction, acceptability and/or feasibility. These “user
engagement indicators” (UEI) are meant to represent the ability of an app to engage and
sustain user interactions. However, the lack of guidelines, consensus, or specificity around
“user engagement” in mental health research introduces the concerning potential for UEI to
be selected inappropriately, presented with bias and/or interpreted incorrectly. Thus it is
difficult to interpret, let alone compare or pool data on, engagement metrics related to these
smartphone apps. For example, in one study (7), participants described an app as “buggy,”
“clunky,” and “didn’t really work” during qualitative interviews. Nevertheless, when the
same participants were asked specifically whether the app was “user friendly” and “easy to
use,” five out of seven reported that the app was user friendly and easy to use. The study
used the latter metrics as the basis of their conclusion that their app had positive UEI,
masking potentially serious usability and safety concerns.

To both assess the current state of reporting and inform future efforts, we performed a
systematic review about how the UEI of apps designed for people with depression, bipolar,
schizophrenia and anxiety are evaluated. We hypothesized that there would be: one,
conflations in the definitions and criteria for common types of UEI, namely “usability,”
“satisfaction,” “acceptability,” and “feasibility”; two, inconsistent subjective and objective
criteria used to evaluate UEI; and three, inconsistent thresholds of UEI ratings across
studies.

METHODS

Search string and selection criteria

We conducted a systematic search of PsycINFO, Ovid MEDLINE, the Cochrane Central
Register of Controlled Trials and AMED, Embase and HMIC Databases, on 14th July 2018,
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using terms synonymous with mobile apps for mental health. The full search algorithm is
presented in Table 1.

Inclusion criteria was as follows: report original qualitative or quantitative data; primarily
involve a mobile application; design for people with depression, bipolar, schizophrenia
and/or anxiety (including post-traumatic stress disorder and obsessive-compulsive disorder);
inclusion of a conclusion about user engagement indicators (including usability, satisfaction,
acceptability and/or feasibility) for the app; and a study length of at least seven days.
Exclusion criteria were: review, conference, protocol or dissertation papers; non-English
language papers; and a lack of focus on the technologies or diseases of interest. All papers
were screened by two authors (MN and JT) and any disagreements were resolved through
discussion resulting in consensus.

Data Extraction & Synthesis

RESULTS

A systematic tool was developed and the following data was extract by JT and MN:

Studly details. study design (e.g. single-arm or RCT), sample size, inclusion criteria and
clinical characteristics of participants.

Intervention details. Details of app, length of intervention, device type used
Objective user engagement indicators. usage frequency, response to prompts, trial retention

Subjective user engagement indicators. satisfaction questionnaires, interviews about
usability, etc.

Putative factors which could influence usability, such as whether patients were involved in
the app design process, incentives for participation, etc.

Institutional review board (IRB) approval was not required for this literature review.

Included Studies

The PRISMA chart in the online supplement shows the full study selection process. The
initial database search returned 925 results. This was reduced to 882 after duplicates were
removed. A further 778 articles were excluded after reviewing the titles and abstracts for
eligibility. Full text versions were retrieved for 104 articles, of which 64 were ineligible for
reasons shown in the PRISMA chart.

Thus, a total of 40 studies reporting UEI of mental health apps for people with mental illness
were included (7-47). Of these, nine apps were designed for people with depression (11, 12,
19, 21, 27, 29, 40, 43, 46), four with bipolar (16, 20, 22, 47), seven with schizophrenia (23,
25, 28, 33, 38, 39, 45) and seven with anxiety (15, 26, 30, 31, 32, 35, 44). Thirteen apps
were designed for two or more populations with a different mental illness (8, 9, 10, 13, 14,
17,18, 24, 34, 36, 37, 41, 42)
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The mean number of participants enrolled was 32 per study (range = 2 to 163). Of studies
that report the length of study or mean length of study (since some studies last as long as
participants want to use the app), the mean length of study was 58 days.

User Engagement Indicators: Usability, Satisfaction, Acceptability and Feasibility

Every study performed an evaluation of the “usability,” “satisfaction,” “acceptability,”
and/or “feasibility” of an app. While we refer to these criteria as UEI, the studies reviewed
did not use UEI as a term or a framework.

Across studies, there were conflations in the definitions and criteria of “usability,”
“satisfaction,” “acceptability,” and/or “feasibility.” Some papers referred to these types of
UEI interchangeably. For example, multiple papers used the phrase “usability/acceptability”
(23-24) (and another paper used the phrase “acceptability/usability” (25)). One refers to a
“Satisfaction/Usability Interview” (44). Another first uses the phrase “Tolerability and
usability” and later switches to “Acceptability and tolerability” (47). One paper first wrote,
“Acceptability was measured by examining self-reports and user engagement with the
program” but later stated, “Acceptability was measured by examining users’ self-reported
attitudes and satisfaction” (43). Yet another paper used the Technology Acceptance Model to
in part evaluate the usability of an app (44).

Some papers treated some UEI as determinants for others. One paper stated, “The
BeyondNow app was also shown to be feasible given the high level of usability” (36).
Another paper wrote, “To evaluate acceptability of using a smartphone application as part of
EP outpatient care, participants completed self-report surveys at the end of the study
evaluating satisfaction” (14). And under its subheading “Aim I-Feasibility: Mobile App
Satisfaction,” one other paper reported, “Participants provided high usability ratings for the
mobile app based on the SUS...” (8).

The majority of papers evaluate multiple UEI at once. Eight papers drew conclusions about
one type of UEI (e.g. just usability) (10, 12, 18, 21, 27, 30, 37, 41), 11 papers about two
types of UEI (e.g. feasibility and acceptability) (9, 17, 19, 29, 31, 36, 38, 40, 44, 46, 47), 11
papers about three types (11, 14, 15, 16, 20, 23, 24, 28, 34, 39, 45) and ten papers about four
types (8, 13, 22, 25, 26, 32, 33, 35, 42, 43). Furthermore, most papers use the same criteria
to evaluate multiple UEI. For instance, one paper described, “Satisfaction, usability and
acceptability were calculated based on the percentage of answers of the Likert-scale” (22).
The fact that the majority of studies used similar methods to evaluate more than one type of
UEI speaks to the lack of precision and distinction between them.

Types of Criteria: Subjective and Objective

The criteria used to draw conclusions about UEI varied widely across studies, as shown in
Figure 3. 16 (40%) out of the 40 included papers concluded that their app had positive UEI
based entirely on subjective criteria. Four studies (10%) concluded that their app had
positive UEI based entirely on objective criteria. 20 studies (50%) concluded that their app
had positive UEI based on a combination of subjective and objective criteria.
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Subijective Criteria—In the 36 studies (90%) that considered subjective criteria, these
subjective criteria manifested as 371 indistinct questions (see online supplement) and were
assessed using multiple methods, such as a survey, an interview, or a survey and interview.
As shown in Table 2, 13 studies derived inspiration from one or more pre-existing
assessment tools. The remaining 23 studies did not rely on pre-existing assessment tools to
evaluate subjective criteria, suggesting that they developed their own custom questions. This
assortment of both subjective criteria and methodologies for evaluating UEI demonstrates
that there is no one gold standard.

Objective Criteria—The 24 studies (60%) that evaluated UEI entirely or partially based
on objective criteria relied on 71 indistinct measures of usage data (see online supplement).
Of these 24 studies, five set a target usage goal in advance (8, 28, 34, 38, 39) and 19
considered their usage data retrospectively (9, 11, 13, 14, 16, 17, 20, 21, 22, 24, 25, 26, 33,
35, 36, 40, 42, 43, 45) to determine positive UEI.

Across all studies, a wide array of objective criteria was taken into account. This includes
“average number of peer and coach interactions” (11), “length of time in clinic at
enrollment” (14), “(reliable) logging of location” (19), “(number of) active users” (22) and
“percentage of participants who were able to use both system-initiated (i.e., in response to
prompts) and participant-initiated (i.e., on-demand) videos independently and in their own
environments for a minimum of 3 days after receiving the smartphone” (33).

Thresholds of UEI

All 40 studies (100%) concluded that their app had positive UEI. However, they came to the
same conclusion in different ways: they evaluate the different types of UEI with different
methodologies, from the criteria (such as subjective ratings and objective data) to the means
of assessment (such as a survey, interview, or usage data). In other words, inconsistencies in
the UEI evaluation process cast doubt on studies’ ability to claim that their app was
“usable,” “satisfactory,” “acceptable,” and/or “feasible.”

Subijective Criteria—Due to the range of both subjective criteria and their evaluation
methods, it is impossible to compare the ratings of UEI across papers. What is possible to
see is that papers utilized different thresholds for surmising that their app had positive UEI.
For example, of papers that evaluate the subjective criteria “ease of use,” the percentage of
users reportedly satisfied with “ease of use” range from 60% (18) to 100% (13). Similarly,
the satisfaction scores for “ease of use” range from 79.7% (46) to 92.6% (16). Despite the
range of perceptions about the “ease of use” of an app, every study concluded that their app
had positive UELI.

Objective Criteria—There were differences across studies in objective criteria such as
target usage goals and frequency of usage. For example, of studies that set a target usage
goal pertaining to task completion, two studies sought completion of over 33% of prompted
tasks (28, 39) while another study sought completion of over 70% of prompted tasks (38).
Despite this variability, they all concluded that the apps had positive UEI on the basis of this
usage data. Similarly, studies that considered frequency of usage as an objective criterion
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reported frequencies ranging from once per day (8) to once every other day (45) to an
average of 5.64 times accessed by each participant over the course of two months (36).
Similar to above results, each of these trials concluded that their apps had positive UELI.

Discrepancies between thresholds of criteria—Even when an app seems to meet the
threshold for positive UEI based on subjective criteria, it might not meet the threshold based
on objective criteria. One paper raises the issue of possible discrepancies arising from
evaluating UEI based on solely subjective versus objective criteria: “Analysis of objective
use data for another study utilizing PTSD Coach indicates that although app users report
positive feedback on usability and positive impact on symptom distress, only 80% of first-
time users reach the home screen and only 37% progress to one of the primary content
areas” (15).

This is an issue not only within studies, but also across studies. For instance, five studies that
used retention rate as an objective criterion for UEI reported retention rates of 80% (35),
83% (11), 91.5% (21), 100% (38) and 100% (45). Yet studies that did not rely on retention
rate as a criterion had retention rates as low as 35% (13) and 65.7% (27). All of these papers
concluded that their apps have positive UEI.

DISCUSSION

Despite the real-world challenges of mental health app usability, engagement and usage, all
40 studies included in this study reported that their app had positive user engagement
indicators. This occurred despite all papers: claiming that their app was “usable,”
“satisfactory,” “acceptable,” and/or “feasible,” using subjective, objective, or subjective and
objective criteria and unfailingly interpreting positive UEI ratings despite a wide range of
participant reports and usage data. This suggests that either studies do not know the
threshold constituting positive UEI, or that the threshold is quite low. The inconsistency of
these methodologies makes it difficult to understand what user engagement is and how to
best design for it. Furthermore, it calls the practices used to evaluate mental health apps into
question.

These results indicate the lack of consensus about what constitutes “usability,” “satisfaction,
“acceptability,” and “feasibility” for mental health apps. This makes it difficult to compare
results across studies, hinders understanding of what makes app engaging for different users
and limits their real world uptake. The online supplements demonstrate the ambiguity that
currently characterizes the distinctions between different types of UEI, which reduces the
usefulness of these descriptors. There is thus a clear and urgent need to formulate standards
for reporting and sharing user engagement indicators so that accurate assessments and
informed decisions regarding app research, funding and clinical use can be made.

It is concerning that 16 of the 40 (40%) studies concluded that their app had positive UEI
without considering objective data (Figure 1). Qualitative data is unquestionably valuable for
creating a fuller, more nuanced picture of participants, since their characteristics—such as
language, disorder and age—Ilargely inform their ability to use an app and their unique
experience of an app. But there is also a need for objective measurements that can be
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reproduced to validate initial results and create a baseline for generalizing results of any
single study. Consequently a combination of both subjective and objective criteria may be
most useful for offering insight into user engagement.

All studies concluded that their apps had positive UEI on the bases of vastly different
subjective and objective criteria, as shown in the online supplements. While of the thresholds
for positive UEI must depend on the specific purpose of an app (e.g. one paper argues that a
single usage of a suicide prevention app at a critical moment could be adequate (36)),
predetermined thresholds for interpreting UEI are urgently required for any meaningful
conclusions to be drawn. With every single app claiming positive UEI, understanding the
current challenges surrounding usability, engagement and usage is difficult and progress in
the field is hindered.

This study has several limitations. We only reviewed papers from academic sources that
focus on depression, bipolar disorder, schizophrenia and anxiety, after our search retrieved
925 papers. This restricts our discussion to how the academic community views
engagement, as opposed to other industries, and limits the types of mental health apps we
took into account. In addition, we assumed that it would be possible and useful for at least
some dimensions of engageability to be measured and reported consistently across mental
health apps. Of course, apps that are developed for different purposes require their own
specific criteria for determining whether they are engaging or not. However, if every single
paper claims their app has positive user engagement indicators and no papers use the same
evaluation methods—as found in this review—it makes it difficult to understand and
improve the real world low uptake of these apps. While publication bias may explain some
of these results, the need for some reporting standards is still clear. With over 10,000 mental
health apps in the commercial marketplaces and few of them having ever been studied or
published on (5), there is an immense number of black boxes when it comes to user
engagement in mobile mental health apps. Looking at different conditions beyond those
targeted in this review may have also yielded different results.

CONCLUSION

The experience of mental illness is personal and the technology literacy of individuals is
variable, meaning that there will never be a single scale or measurement that perfectly
captures all engagement indicators for all people. But the future of the field of maobile mental
health apps depends on user engagement; and the lack of clear definitions and standards
around UEI is harmful not only to the field, whose progress is impeded, but also to patients,
who may not know which app to trust. This review confirms the necessity of generating
more clarity around UEI, which can both promote app usage and enable researchers to learn
from each other’s work and design better mental health apps.

This challenge is compounded by the need to design specifically for the needs of people
with mental illness. On the topic of website design, one study reports, “Commaonly
prescribed design models and guidelines produce websites that are poorly suited and
confusing to persons with serious mental illnesses” (59). Given that smartphone apps are
often more complex and interactive than websites, it is reasonable to assume that truly
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usable apps for mental illnesses may look different than apps designed for the general
population. The inconsistencies illustrated in this study raise the possibility that no
engagement indicators were designed to take into account the potentially unique cognitive,
neurological, or motor needs arising from mental illnesses. For example, schizophrenia can
lead to changes in cognition, depression can impact reward learning and anxiety can affect
working memory. Furthermore, it is important to consider how the intersectional identities of
people with mental illness also shape their engagement with mental health apps. Applying
the lessons from co-designing technology with those with mental illnesses, like
schizophrenia (60), to the methods for evaluating UEI could serve as a useful starting point.
Other fields have found solutions, and the popularity of the engineering field-derived System
Usability Scale (employed by several studies in this review) indicates the potential of simple
but well-validated metrics. A representative body of patients, clinicians, designers and
technology-makers proposing collaborative measures would be a welcome first step.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

In response to the low uptake and sustained use of mobile mental health apps,
this study conducted a systematic review of papers presenting results of
mental health apps for depression, bipolar disorder, schizophrenia and
anxiety.

90% of papers employed at least some subjective criteria (371 total) and 60%
of papers employed at least some objective criteria (71 total).

Every single paper concluded that their app had positive user engagement
indicators, yet no papers used the same combination criteria or thresholds to
evaluate their apps.
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Evaluating UEISs: criteria types and methods
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Figure 1.
Studies evaluated UEI based on different subjective and/or objective criteria, as well as

different methods.
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Table 1:

Search terms organized to PICOs framework

Category Search words used (‘OR’ terms)

Population depression; depressive; mental illness; mental health; mood disorder; affective disorder; anxiety; phobia; bipolar; psychosis;
schizophr*

Intervention | Smartphone*; smart phone*; mhealth; mobile phone*; iphone*; android; mhealth; mobile app*; phone app*.

Comparator | [any]

Outcomes usability; user interface; ui; feasib*; pilot; engag*; acceptability;

Psychiatr Serv. Author manuscript; available in PMC 2020 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ng et al.

Table 2:

Page 15

Of the minority of studies that rely on pre-existing assessment tools, there was no consensus on the best tool

for evaluating UEL.

UEI assessment tools utilized N | Study
System Usability Scale (48) 4 | (8, 25,41, 46)
Client Satisfaction Questionnaire (49) 3 | (15,16, 32)
Credibility and Expectancy Scale (50) 3 | (16,27,32)
Usefulness, Satisfaction, and Ease Questionnaire (51) 2 | (25,40)
Adaptation of Another Study’s Assessment Tool (25,52) | 2 | (23, 30)
Post Study System Usability Questionnaire (53) 1 | (25)
Technology Acceptance Model (54) 1| (49)
Technology Assessment Model Measurement Scale (55) | 1 | (25)
Therapeutic Alliance Scales for Children—Revised (56) 1 | (26)

Client Evaluation of Services Questionnaire (57) 1 | (26)
Computer System Usability Questionnaire (58) 1 | (26)
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