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Abstract

Background: Ecological momentary interventions open up new and exciting possibilitiesfor delivering mental health interventions
and conducting research in real-life environments via smartphones. This makes designing psychotherapeutic ecol ogical momentary
interventions a promising step toward cost-effective and scalable digital solutionsfor improving mental health and understanding
the effects and mechanisms of psychotherapy.

Objective: The first objective of this study was to formatively assess and improve the usability and efficacy of a gamified
mobile app, the InsightApp, for helping people learn some of the metacognitive skills taught in cognitive behavioral therapy,
acceptance and commitment therapy, and mindful ness-based interventions. The app aimsto help people constructively cope with
stressful situations and difficult emotions in everyday life. The second objective of this study was to test the feasibility of using
the InsightApp as aresearch tool for investigating the efficacy of psychological interventions and their underlying mechanisms.

Methods: We conducted 2 experiments. In experiment 1 (n=65; completion rate: 63/65, 97%), participants (mean age 27, SD
14.9; range 19-55 years; 41/60, 68% female) completed a single session with the InsightApp. The intervention effects on affect,
belief endorsement, and propensity for action were measured immediately before and after the intervention. Experiment 2 (n=200;
completion rate: 142/200, 71%) assessed the feasibility of conducting a randomized controlled trial using the InsightApp. We
randomly assigned participants to an experimental or a control condition, and they interacted with the InsightApp for 2 weeks
(mean age 37, SD 12.16; range 20-78 years; 78/142, 55% female). Experiment 2 included all the outcome measures of experiment
1 except for the self-reported propensity to engage in predefined adaptive and mal adaptive behaviors. Both experimentsincluded
user experience surveys.

Results: In experiment 1, a single session with the app seemed to decrease participants emotional struggle, the intensity of
their negative emotions, their endorsement of negative beliefs, and their self-reported propensity to engage in mal adaptive coping
behaviors (P<.001 in al cases,; average effect size=—0.82). Conversely, participants’ endorsement of adaptive beliefs and their
self-reported propensity to act in accordance with their values significantly increased (P<.001 in all cases; average effect size=0.48).
Experiment 2 replicated the findings of experiment 1 (P<.001 in all cases; average effect size=0.55). Moreover, experiment 2
identified a critical obstacle to conducting arandomized controlled trial (ie, asymmetric attrition) and how it might be overcome.
User experience surveys suggested that the app’s design is suitable for helping people apply psychotherapeutic techniques to
cope with everyday stress and anxiety. User feedback provided valuable information on how to further improve app usability.

Conclusions: In this study, we tested the first prototype of the InsightApp. Our encouraging preliminary results show that it is
worthwhile to continue devel oping the InsightApp and further evaluate it in arandomized controlled trial.

(IMIR Form Res 2023;7:e44429) doi: 10.2196/44429
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Introduction

Background

The global prevalence of anxiety and depression has increased
substantialy in the last decade, exceeding the capacity of the
mental health care infrastructure [1]. The importance of
developing prevention programs to help people learn how to
copewith mental distressin constructive waysbeforeit renders
them dysfunctional is evident. Moreover, there are now many
people whose well-being could be substantially improved if
there were more effective mobile appsfor aleviating subclinical
levels of anxiety and emotional distress.

Psychotherapy has proven useful in helping people cope with
distress, gain perspectives about their mental world,
constructively regulate their emotions, and act in accordance
with their values [2-4]. Advances in technology and the
widespread use of smartphones have created new opportunities
to deliver psychotherapy and prevention programs. The use of
mobile health apps for mental health has become increasingly
popular in the last few years. This includes the use of mobile
apps for psychotherapy targeting clinical patients [5,6] and
mental well-being apps directed to the general public, with
mindfulness apps being the most common [7]. Therefore,
technology has greatly expanded what is possible in terms of
delivering therapy and conducting psychological research.
Ecological momentary interventions (EMIs), for example, are
medical treatments delivered via mobile devices that aim to
help peopleintegrate intervention strategiesinto their everyday
livesand real-life settings[8]. Previous research has shown that
behaviors learned in artificial surroundings do not aways
trandateto real-life scenarios[9]. EMIs can help solvethisissue
as they allow people to learn new responses to old triggers by
training in the same context in which the mal adaptive behavior
occurs [10]. Thus, people can practice breaking an old habit
(eg, smoking) and replacing it with a more adaptive response
(eg, mindful breathing) in thereal-life situationsthat trigger the
bad habit (eg, after lunch or when other colleagues go for a
cigarette). Furthermore, EMIs allow for the collection of data
outside clinical settings and the study of whether and how
specific therapeutic strategies affect people as they go on with
their daily lives and interact with their everyday environments.
Therefore, EMIs have great potential for delivering effective
interventions in the area of mental heath in general and
psychotherapy in particular.

One thing that many cognitive psychotherapy modalities have
in common is that they teach metacognitive strategies.
Metacognition refers to the knowledge and cognitive processes
involved in the appraisal, monitoring, or control of one’'s own
mind [11], including monitoring and regulating one’s own
thoughts and emations. This makes it a critical set of skillsfor
coping with mental distress and emotions such as anxiety,
sadness, and frustration. Metacognitive therapy, for example,
is based on the principle that metacognition is key to
understanding how cognition operates and how people
understand and experience the world around them [12].
Cognitive behavioral therapy (CBT) [13] is based on a model
in which emotions are conseguences of people’s thoughts and
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replacing maladaptive thoughts with adaptive ones can help
peopl e cope with emotions (cognitive restructuring, reappraisal,
or meta-reasoning). Acceptance and commitment therapy (ACT)
[14] offers a complementary approach that emphasizes
improving one' srelationship with thoughts and emotionsrather
than trying to change them directly, a process that is supported
by the act of noticing thoughts as mental events (cognitive
defusion) and accepting and embracing emotions and their
accompanying bodily sensations as they pass through
(acceptance—emotion regulation). Similarly, mindfulness-based
interventions (MBIs) help peopletrain attention and the capacity
to observe mental phenomena nonreactively (meta-awareness)
[15]. Inthelast decade, substantial research has been conducted
on the efficacy of different psychotherapies and how they
compare with each other. There has a so been much discussion
regarding the conceptual and technical differences between
psychotherapies belonging to different waves of behavioral
therapy [16]. For example, it has been discussed how
metacognitive-, acceptance-, and mindfulness-based therapies
are similar to and different from CBT [17,18] given that their
basi ¢ premi ses concerning the causes of mental disordersdiffer.
Some research has focused on understanding common factors
across psychotherapies (eg, therapeutic alliance, empathy and
listening skills, and cultural adaptation) [19]. However, little
research has been conducted to understand the degree to which
different psychotherapies train the same underlying
metacognitive skillsand whether and how they differ from each
other at that level.

Thismotivated usto design, develop, and test thefirst prototype
of the InsightApp, an EMI that integrates techniques from
different psychotherapieswith game elementsto train and study
the metacognitive mechanisms underlying mental health, belief
change, emotion regulation, and behavior change. The
InsightApp asks the individual user about their challenges,
values, and goal s and then usesthisinformation to support them
in applying simple metacognitive strategies to their personal
triggers and the specific challenges they face throughout the
day. The app prompts peopleto |everage challenging situations
and mental distress as an opportunity to train metacognitive
skills that are essential for resilience, adaptive emotion
regulation, and value-congruent action. Thus, the app supports
usersin the process of creating adaptive mental and behavioral
responses to contextual triggers as they occur.

The InsightApp also aims to allow psychotherapy researchers
to study how different psychotherapies affect people’s
metacognitive skills and strategies in the real world and how
those improvements affect mental health and behavior. Asthe
app dlows the tracking of gradual improvement in
metacognitive skillsand other outcome variableswith practice,
we believe that it is a valuable tool for studying the effects of
metacognition on people’s mental health and behavior in
real-life settings. The first prototype of the app integrates
therapeutic strategies from CBT, ACT, and MBIs. Specifically,
the app helpsthe user (1) reflect on the content of their thoughts
and how they relate to emotions and actions and identify more
adaptive alternative thoughts; (2) recognize thoughts and
emotionsas mental eventsinstead of equating them with reality;
and (3) accept and embrace how emotions feel in the body
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instead of numbing them, suppressing them, or acting them out.
This support serves a dual purpose: it aleviates the user’s
momentary distress, and it also trains the capacity for adaptive
emotion regulation and acting in accordance with one's goals
and values.

Objectives

Our intent in designing the InsightApp was 2-fold. The first
target was to support people in constructively dealing with
emotionally challenging situations in real-life settings. The
second target was to develop a flexible scientific tool for
conducting studies on the efficacy of psychological interventions
and answering questions about the underlying psychological
mechanisms. In thisstudy, we tested thefeasibility of developing
an app that achieves both goals simultaneously and improved
the InsightApp based on user feedback and efficacy data.

Methods

Intervention

Overview

The intervention delivered through the InsightApp integrates
strategies from CBT, ACT, and MBIs. The key strategies
delivered by the app are the ABCDE method for cognitive
restructuring from CBT [20], as well as reflection on values
from ACT [21] and emotion regulation strategies from ACT
and MBIs [22]. The ABCDE method aims to help people
differentiate between the components of an emotional
episode—the activating event (A), the beliefs and thoughts
about the event (B), and the consequences of those beliefs in
terms of feelings and behaviors (C). Building on this
understanding, it then helps the person dispute maladaptive
beliefs (D) and find a new effective approach (E). ACT's
reflection on values aimsto help people clarify and get in touch
with their values so that they can provideinspiration, motivation,
and guidance[21]. ACT strategiesfor embracing mental distress
help people construe thoughts as mental events and improve
their relationship with difficult emotions by accepting and
embracing them when needed. M BIs promote present-moment
awareness, focused attention, and a nonjudgmental attitude
toward thoughts, among other things. Theinterventionisdivided
into 2 main components:. the reflection module and the
metacognitive coaches. The metacognitive coaches comprise
the meta-reasoning coach, which is based on CBT, and the
meta-awareness coach, which is based on ACT and MBIs.

Reflection Module

Thereflection moduleintegrates componentsof CBT and ACT.
The first part of the reflection module incorporates the A and
C components from the ABCDE method for cognitive
restructuring. In this part, the app guides participants to reflect
on achallenging event that provokes strong negative emotions
and on suboptimal ways in which they tend to react to that
situation. The second part of the reflection moduleincorporates
an ACT reflection on values, which encourages participants to

https://formative.jmir.org/2023/1/e44429

Amoetd

reflect on which valuesthey would like to enact in the situation
and how.

Metacognitive Coaches

Our mobile app is designed to help train people in the use of 2
fundamental metacognitive skills via 2 coaches. the
meta-reasoning coach and the meta-awareness coach. The
meta-reasoning coach trains peopl€'s capacity to reflect on the
content of their thoughts and how they relate to emotions and
actions. The meta-awareness coach helps people train their
capacity to recognize thoughts and emotions as mental events
and accept and embrace how emations feel in the body instead
of avoiding them, suppressing them, or acting them out.

The meta-reasoning coach (Figure 1) integrates steps B, C, D,
and E of the ABCDE method for cognitive restructuring
(introduced in the Overview section). The meta-reasoning coach
asks people to reflect on their thoughts and beliefs when they
feel a strong negative emotion and when they act in unwanted
ways (B). It then asks the user about the consequences of
holding those beliefs (C) and guides them to challenge them
(D) and consider more empowering aternative beliefs (E). The
app helps the user answer the questions of the meta-reasoning
coach by providing a list of multiple choices with example
answers, as explained in the Design of the Intervention’s Key
Building Blocks section. In each step, users use sliders to rate
the degree of endorsement of thoughts and beliefs. In addition,
the app asks users to customize an avatar to represent the
recoghized maladaptive pattern.

The meta-awareness coach (Figure 2) delivers a breathing
meditation to accept and embrace negative emotions. During
the meditation, the inhales and exhal es are animated with rings
that expand and contract. Inhaling is accompanied by the
instruction to observe how the emation feelsin terms of bodily
sensation, whereas exhaling is accompanied by the instruction
to accept those sensations and relax more deeply. As the
meditation advances, the previously customized avatar placed
in the center of the screen iteratively changes its facial
expression from overwhelmed to peaceful and content. Before
and after using the meta-awareness coach, the app prompts
people to check in on their mental state by rating degrees of
affect and beliefs.

The meta-awareness coach is delivered in 2 formats. The first
format isamorning practicethat istriggered by the device. The
second format is the “catch function,” which is available on
demand. Users are prompted to compl ete the morning practice
every day at the same time between 5 AM and 11:59 AM. In
addition, usersareinvited to usethe“ catch function” on demand
during the day to catch the little monster avatar each timeitis
active. Participants are awarded Insight Points every time they
complete the morning practice or use the catch function to
embrace an emation. Therationale of Insight Pointsisto foster
a positive view of daily challenges and emationa episodes as
valuable opportunities for growth and insight.
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Figure 1. Screenshots from the meta-reasoning coach. The figure shows example screensillustrating how the app guides the user to (A) reflect on the
beliefs they hold when they feel a strong negative emotion, (B) reflect on the consequences of holding the maladaptive belief, and (C) challenge the
belief. Screenshots D and E exemplify part of the process to customize an avatar representing the recognized maladaptive pattern.
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Design of the I ntervention’s Key Building Blocks

In this section, we describe the design of the key components
of the app, the rationale behind them, and how they can serve
as both a therapeutic and scientific tool.

Rating Degrees of Affect, Beliefs, and Behavior Using
Sliders

The app asks people to use sliders for rating degrees of affect,
beliefs, and behavior on a scale from 0% to 100% (Figure 3A
and 3C). The use of dlidersfor rating has 2 purposes. The first
purpose is therapeutic, and the second is scientific. Rating the
degree of emotions and thoughts is a technique from cognitive
therapy to teach people to distinguish between various degrees
in the intensity of their emotions and endorsement of thoughts
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and beliefs. Among other things, this technique helps people
learn emotional awareness and appreciate how emotions and
thoughts vary in degree across time and across situations [20].
The dliders for ratings also serve as a scientific tool to collect
dataregarding a participant’s ongoing mental state. Onthe basis
of self-efficacy research, ascale from 0 to 100 is desirable for
sensitive measures (eg, measuring the degree of belief
endorsement) as participantstend to avoid extreme values[23].
If the dlider scales are appropriate for a particular measure,
participants’ responses should be distributed over a large part
of the range of alternatives [23]. In experiments 1 and 2, we
tested whether thiswasthe case for the measurement of degrees
of affect, beliefs, and behavior. In addition, in Multimedia
Appendix 1, we present the test-retest reliability of each slider
measure.
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Figure 3. Sliders and questions with example answers. (A) Example screen with a slider for rating the intensity of an emotion. (B) Example screen
with a free-text field accompanied by example answers within a picker view. (C) Example of a screen that integrates both components. Sliders are
placed directly under a question and are accompanied by alabel that shows the current percentage value being selected.
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Reflections Accompanied by Example Answers

On multiple occasions, the app asks users to answer questions
that require self-reflection. Participants can answer the questions
by entering their responses in a text field below the question.
Self-reflection questions are accompanied by alist of example
answers. The goal of the example answers is to help people
better understand the questions and support them in the process
of finding answers. Users can access the example answers by
clicking on the text field. The app then displays a series of
example answers related to the question (Figure 3B). Usersare
then free to choose one of the example answers or enter their
own. To develop the lists of example answers, we conducted a
web-based survey in which participants reflected on a strong
emotional episode associated with aspecific emotion. We asked
participants to specify the situation they were going through,
their thoughts and beliefs, and the negative ways in which they
tended to act. In addition, we asked them to reflect on positive
alternative ways in which they could have interpreted the
situation and how that interpretation would make them feel and
act. To give participants a better understanding of what wewere
asking, we provided them with example stories that specified
an answer to each question. To create the final lists of example
answers, we extracted repeated patterns from participants
answers and converted them to sentences that were not context
dependent.
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Ethical Consider ations, | nformed Consent, and
Participation

Experiments 1 and 2 were conducted according to protocol
510/2020B0O approved by the Independent Ethics Commission
at the Faculty of Medicine of the University of Tuibingen.

The Data Protection and Privacy Policy protocol was authorized
by the Max Planck Society Data Protection Office. The
authorization affirms that the project proposa complies with
the internal data protection requirements of the Max Planck
Society aswell aswith the General Data Protection Regulation
(European Union 2016/679) and the German Federal Data
Protection Act. The Data Protection and Privacy Policy
agreements are included in the ethics protocol.

To participatein experiments 1 and 2, partici pants had to consent
to (1) take part in the study and (2) share their nonidentifiable
data for research purposes. By giving consent, participants
agreed to the participation requirements, time commitment,
payments, bonuses, privacy policy, data protection, data
collection, data use, and withdrawal process.

Participants were recruited and compensated via Pralific
(Prolific Academic Ltd). All participants earned a base payment
of £6 (US $7.58) per hour. Depending on their participation,
they could increase their wagesto up to £14.5 (US $18.32) per
hour. For moreinformation about Prolific and the exact payment
and bonus system, please refer to the Participants section of
each experiment.
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Experiment 1

In thefirst experiment, we used a pretest-posttest design to test
how effective asingle session with the app was at hel ping people
improve their current mental state. This was accomplished by
decreasing the intensity and degree of struggle with negative
emotions, decreasing the endorsement of maladaptive beliefs,
increasing the endorsement of adaptive beliefs, decreasing the
perceived likelihood of acting in unwanted ways, and increasing
the perceived likelihood of acting in ways that they valued.

Participants

We recruited and compensated participants via Prolific, a
web-based platform for conducting web-based research. Prolific
allows researchersto efficiently recruit and remunerate alarge
number of participants for web-based studies. This platform is
used by >25,000 researchers. Prolific gives researchers access
to apool of 130,000 potential participants. Prolific is available
for participantsfromall countries belonging to the Organization
for Economic Co-operation and Devel opment except for Turkey,
Lithuania, Colombia, and CostaRica. All participantson Prolific
are aged =218 years. The platform allows researchers to screen
participants depending on their characteristics, such as gender,
educational level, and system of beliefs, among many others.
Compared with other platforms for web-based studies, Prolific
isknown for providing superior data quality [24].

Table 1. Single-item outcome measures. P

Amoetd

The sample consisted of 65 participants (completion rate: 63/65,
97%) from a popul ation of approximately 45,000 international,
English-speaking, and iPhone-owning adults on Prolific. Of
these 65 participants, 2 (3%) were excluded from the analyses
for not completing the intervention, leaving a final sample of
63 participants. Of these 63 participants, 60 (95%) shared
demographic information (mean age 27, SD 14.9; range 19-55
years; 41/60, 68% female). The sample included participants
who identified as Asian (4/60, 7%), Black (8/60, 13%), White
(37/60, 62%), mixed (8/60, 13%), and other (2/60, 3%).
Participants' continents of residence were Europe (36/60, 60%),
Africa (11/60, 18%), America (12/60, 20%), and other (1/60,
2%). Each participant received acompensation of £6 (US $7.58)
plusabonusof £2 (US $2.53) for finishing the study. The mean
completion time for the experiment was 33 minutes, ranging
from 15 to 95 minutes.

Outcome Measures

Table 1 summarizesthe outcome measures collected by the app
for experiment 1. The outcome measures are delivered twice:
first as part of the reflection module and meta-reasoning coach
and then directly after participants interact with the
metacognitive coaches.

Outcome variable Question Scale

Intensity of the emotion How intense does [emotion] feel right now? 0%-100%
Strength of the struggle How strong is the struggle with [emotion] right now? 0%-100%
Likelihood of unwanted action How likely are you to [unwanted action] in your current emotional state? 0%-100%
Likelihood of valued action How likely are you to [valued action] in your current emotional state? 0%-100%
Strength of maladaptive belief How much do you believe this thought right now? 0%-100%
Strength of adaptive belief How much do you believe this thought right now? 0%-100%

3The app asks participants to use a slider (0% to 100%) to rate (1) the intensity of the negative emotion they are feeling, (2) the degree to which they
are struggling with the emotion, (3) the current perceived likelihood of acting in unwanted ways, (4) the current perceived likelihood of acting in a
value-congruent way, (5) their endorsement of the maladaptive belief, and (6) their endorsement of the adaptive belief.

bBrackets desi gnate customized text within the questions that display participants’ previous choices.

User Experience Survey

The InsightApp asks participantsto rate the app (on ascalefrom
1 to 5 stars) and answer the following open-ended questions:
“What did you like or not like about the App?’ “Did you find
something confusing?’ “Did you find something positively
surprising?’ and “In which moments would you use the app?’
In addition, the app asks participants to use a 6-point Likert
scale (strongly disagree=1; strongly agree=6) to specify the
degree to which they agree with the following statement: “I
developed a valuable skill for my daily life”

Procedure

Participants werefirst directed to aweb-based form where they
received instructions on how to set up their phones and
download the “InsightAppExperiment” from the App Store.
Before starting the experiment, participants provided informed

https://formative.jmir.org/2023/1/e44429

consent to participate in the study and share their data. In the
first part of the experiment, participants watched a 1-minute
video that explained the onboarding process and entered basic
information about their gender, age, and nationality. To
continue, participants completed the reflection module.
Participants then continued to the intervention module, where
they watched a 1-minute video with instructions and were guided
by the app through the meta-reasoning and meta-awareness
coaches, as described in the Intervention section. Finally, we
asked participants to report on the outcome measures and
complete the user experience survey.

Statistical Analysis

The distributions of many pre- and posttest scores on outcome
measures were highly skewed and violated the normality
assumption according to a Shapiro-Wilk test with asignificance
level of Cronbach a=.05. As such, we used the nonparametric
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paired-sample Wilcoxon test (PSW) [25,26] to compare
participants’ pre- and posttest scores on outcome measures.

We computed descriptive statistics to analyze the numerical
results of the user experience survey. To analyze the results for
open-ended questions, we extracted common categories by
analyzing participants answers. We then classified their answers
according to those categories and used descriptive statistics. In
addition, we summarized the participants' feedback on each
guestion when provided.

Experiment 2

Overview

Experiment 2 had 2 purposes. Thefirst purpose was to explore
how effective the app’s morning practi ce was when people used
the app on a daily basis. The second purpose was to test the
feasibility of conducting longitudinal experiments using the
app. To test the effectiveness of the InsightApp’s morning
practice in a longitudinal study, we asked participants to
complete a practice session with the app every morning for at
least 5 out of 7 days. We used pretest-posttest scoresto calculate
how the practice session with the app influenced their mental
state on average when measured repeatedly. In parallel, we
tested the feasibility of conducting longitudinal experiments
using the app by randomly assigning participants to the
experimental condition or a control condition. We measured
the 2 conditions’ attrition ratesto inform the planning and design
of afuture randomized controlled trial.

Participants

The sample consisted of 200 participants (completion rate:
142/200, 71%) from a population of approximately 45,000
international, English-speaking, and iPhone-owning adults on
Prolific (for moreinformation about Prolific, pleaserefer to the
Participants section of experiment 1). Of these 200 parti cipants,
7 (3.5%) were excluded from the study during onboarding for
failing attention checks; those participants were replaced with
new ones. Of the 200 participants who started the longitudinal
study, 142 (71%) finished. A total of 25% (50/200) of the
participants were excluded for not completing a predefined
minimum number of participation days. In total, 3.5% (7/200)
of the participants could not continue because of a technical
problem (ie, they changed their phones during the intervention
or the app crashed), and 0.5% (1/200) of the participants were
excluded from the study for failing >2 attention checks during
the offboarding. The final sample of 142 participants consisted
of 59 (41.5%) from the experimental condition and 83 (58.5%)
from the control condition (mean age 37, SD 12.16; range 20-78
years, 78/142, 54.9% femal €). The sampleincluded participants
who identified as Asian (10/142, 7%), Black (6/142, 4.2%),
White (119/142, 83.8%), mixed (5/142, 3.5%), or other (2/142,
1.4%). The payment for the study was divided into 2 parts.
Participants received the first payment for successfully
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downloading the app, completing the onboarding process, and
starting the experiment. The amount was calculated to achieve
an average wage of £6 (US $7.58) per hour. After completing
the experiment on day 14, participants were paid for their daily
participation, offboarding, and extra bonuses. By actively
participating and completing the study, participants could
increase their wages up to £12.11 (US $15.30) per hour. All
participants received a bonus of £4 (US $5.05) for completing
the study. In addition, we included a participation bonus of up
to £7 (US $8.85), which was cut in half each time a participant
missed a day. Participants who were excluded were paid for
their work completed until the point of exclusion, with a base
payment rate of £6 (US $7.58) per hour. The estimated average
time spent in the study was 60 minutesfor the control condition
and 80 minutes for the experimental condition.

Outcome Measures

Attrition Rate

Participants were excluded from the experiment if they failed
the attention check or missed their daily goal >4 out of 13 days.
Participantsfailed the attention check if they took <1.6 seconds
to answer =15 survey questionsor if they answered =3 reflection
guestionsin <3 seconds. We sel ected the minimum answer time
and the minimum number of answers by inspecting the answer
times obtained when testing the app before conducting
experiments 1 and 2. The daily goal for participants in the
control group was to fill in a daily report every evening. The
daily goal for participants in the experimental group was also
tofill inadaily report every evening and, in addition, complete
the morning practice during 7 days of the intervention.

We calculated the attrition rate as the ratio of the number of
participants who dropped out to the total number of participants
who started the experiment. We calculated the adherence rate
as the ratio of the number of participants who completed the
study to the total number of participants who started the
experiment. To fulfill the criteria for starting the study,
participants had to successfully complete the onboarding section
and enter avalid completion code on the Prolific platform.

Outcome Measures Administered Before and After the
Morning Practice

The morning practice delivered the same outcome measures
presented in experiment 1 (Table 1) excluding the perceived
likelihood of unwanted and valued action. Outcome measures
were delivered directly before and directly after participants
interacted with the metacognitive coaches.

Outcome M easures Administered in the Evening Report

Table 2 summarizes the outcome measures collected in the
evening report. We asked participants to report on their days
each day of the study between 7 PM and midnight.
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Table 2. Single-item outcome measures administered during the evening report.a*b

QOutcome variable Question Scale
Stressor On ascalefrom 1 to 10, how severe or problematic was the situation today? 0-10
Enactment of unwanted action To what extent did you [unwanted action] today? 0%-100%
Enactment of valued action To what extent did you [valued action] today? 0%-100%
Intensity of the emotion How intense did [emotion] feel today? 0%-100%
Strength of the struggle How strong did the struggle with [emotion] feel today? 0%-100%

3 n the evening report, participants first rated how stressed they felt by the predefined situation that day on a scale from 0 to 10. They then specified the
following with a slider (0% to 100%): (1) to what extent they enacted the predefined unwanted action, (2) to what extent they enacted the predefined
valued action, (3) the intensity of the emotion, and (4) the strength of the struggle with the emotion.

bBrackets desi gnate customized text within the questions that displayed participants' previous choices of unwanted and valued actions.

User Experience Survey

In this section, we asked participantsto complete ashort survey,
as described in experiment 1. In addition, participants assigned
to the experimental group answered the following question:
“Do you fedl comfortable calling the avatars little monsters, or
would you prefer another name?”

Procedure

Participants went through the same initia procedure for
installing the app and providing consent asin experiment 1. In
addition, this time, the app randomly assigned participants to
either the control or the experimental condition.

The experiment consisted of five phases (Table 3): (1) genera
onboarding, (2) the 3-day preintervention phase, (3) the 7-day
intervention phase, (4) the postintervention phase, and (5) the
offboarding phase.

General onboarding started with a 1-minute instruction video.
Participants then completed a short basic information survey
(gender, age, and nationality) and the reflection module. To
finish, participants in the control and experimental groups
specified at what time they would prefer to receive reminder
notificationsto complete the evening report (between 7 PM and
midnight). In addition, participantsin the experimental condition
specified at what time they would prefer to receive reminder

Table 3. Phases of experiment 2.2

notifications to complete the morning practice (between 5 AM
and noon).

During the preintervention phase, all participants used a
simplified version of the app, which only allowed them to
complete the daily evening report. During the 7-day intervention
phase, participants assigned to the experimental group were
introduced to the morning practice. The introduction to the
morning practice included a 1-minute video with instructions,
the meta-reasoning coach, the meta-awareness coach, and a
3-minute video explaining how to use the new functionalities
of the app in their everyday life. After completing the
introduction, participants in the experimental condition
continued with an extended version of the app that included a
button to complete the morning practice, the catch function,
and point rewardsfor practicing metacognitive skills (ie, Insight
Points) in addition to the daily evening report. We asked
participants assigned to the experimental group to completethe
morning practice, use the catch function, and complete the
evening report every day. Participants assigned to the control
group continued using the simplified version of the app
containing only the daily evening report. Finaly, in the
offboarding phase, all participants completed the poststudy user
experience survey. After completing the offboarding phase,
participants were directed to a screen with information to collect
their payment for participation.

Condition General onboarding phase Prestudy phase (3 days) Intervention phase(7 days) Poststudy phase (3days)  Offboarding phase
Experimental  Reflection module Evening survey «  Morning practice Evening survey Exit survey

«  Catching avatar

«  Evening survey
Control Reflection module Evening survey «  Evening survey Evening survey Exit survey

#The experiment consisted of five phases: (1) general onboarding, where all participants completed the reflection module; (2) the 3-day preintervention
phase, where all participants completed the evening report daily; (3) the 7-day intervention phase, where participants in the control group continued to
complete the evening report daily, and in addition to the evening report, participants in the experimental group completed a daily morning practice and
were free to use the app to embrace their emotions during the day; (4) the postintervention phase, where all participants completed the evening report
daily; and (5) the offboarding phase, where al participants filled out the exit survey and received their payment code.

- . pretest-posttest resultsfrom experiment 1, we conducted alinear
Statistical Analysis mixed model analysisin R (version 4.1.0; R Foundation for
To test whether the outcome measures administered beforeand  Statistical Computing) using the Ime4 package [27]. For each

after the morning practice in experiment 2 supported the outcome measure (ie, emotion intensity, the strength of the
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struggle with the emotion, and the degree of endorsement of
the maladaptive and adaptive beliefs), we tested whether there
was a significant difference between pretest-posttest practice
scores. The models contrasted the pretest-posttest scores for
each outcome measure and included a random offset for each
participant (score ~ stage [ 1+ stage|participant]), where stage
refers to either the pretest or posttest stage. Significance was
calculated using the ImerTest package [28], which applies the
Satterthwaite method to estimate df and generate P values for
mixed models. We estimated the effect size using the EMAtools
package [29], which calculates the Cohen d for each effect in
an Ime4 object. We measured attrition if participants in the
experimental and control groups differed using achi-square test
of independence. To analyze the user experience survey, we
used the same procedure as in experiment 1.

Results

Overview

We hypothesized that the intervention would lead to significant
improvements in our measures of people's mental states after
asingle-session practice with the app (experiment 1). Wefurther
predicted that these improvements would also occur in
participants who repeatedly interacted with the app over the
course of aweek (experiment 2). In addition, we hypothesized
that participants would perceive the InsightApp as usable,
valuable, and hel pful in reducing their mental distressregarding
real-life challenges. Theresults presented in this section support
our hypotheses.

Experiment 1

Single Session, Pretest-Posttest | ntervention Results

Table 4 summarizes the key descriptive statistics for each
outcome measure. Figure 4 displays participants' scores before

Amoetd

and directly after a single practice session with the app. The
results show that participants improved their scores, showing
significantly decreased perceived likelihood of unwanted actions
(V=88; P<.001; PSW effect size=0.79), increased perceived
likelihood of beneficial actions (V=1549; P<.001; PSW effect
size=0.68), decreased emotional intensity (V=1; P<.001; PSW
effect size=0.87) and emotional struggle (V=43; P<.001; PSW
effect size=0.83), decreased cognitive endorsement of the
mal adaptive belief (V=53; P<.001; PSW effect size=0.82), and
increased cognitive endorsement of the adaptive belief (V=761
P<.001; PSW effect size=0.27). Thus, as predicted, by using
the app, participants improved their current emotional and
mental state and the perceived likelihood of acting in
value-congruent ways.

Figure 4 and Table 4 show that participants responses are
distributed over asizable portion of the 0 to 100 rangesfor each
outcome measure. Thissuggeststhat dider scalesare appropriate
for measuring the intensity of an emotion, endorsement of a
belief, and likelihood of taking a given action.

The aforementioned results suggest that our digital intervention
is promising. However, asthe study lacked a control condition,
its results could be confounded by the study’s demand
characteristics [30] and the placebo effect, among other things
(please see the Limitations section). We see 2 possible waysto
addressthisissue. Thefirst isto add acontrol condition whereby
control participants complete unrelated tasks, whereas the
experimental condition interactswith the metacognitive coaches.
A second improvement would be to measure and control the
participants’ propensity to provide socially desirable answers
[31].

Table 4. Descriptive statistics for participants' pre- and postintervention scores for the intensity of their emotion, their struggle with the emotion, their
perceived likelihood of performing the unwanted action and valued action, and their endorsement of their maladaptive belief and adaptive belief.

Preintervention score

Postintervention score

P value of the Shapiro- Median (range)  Mean (SD) P value of the Shapiro- Median (range)  Mean (SD)

Wilk test Wilk test
Emotionintensity .03 70 (4-100) 65.11 (21.37) .006 28 (0-100) 28.57 (18.95)
Emotion struggle A7 53 (0-100) 55.83 (26.63) <.001 20 (0-74) 23.54 (18.58)
Unwanted action ~ <.001 72 (0-100) 66.37 (27.59) <.001 25 (0-92) 31.91 (24.52)
Valued action .08 56 (0-100) 56.54 (26.47) <.001 80 (27-100) 76.22 (20.28)
Maladaptive belief ~ .004 73 (13-100) 72.24 (22.01) <.001 25 (0-100) 31.76 (25.27)
Adaptive belief <.001 85 (40-100) 81.52 (18.12) <.001 91 (40-100) 87.16 (13.90)
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Figure 4. Results of experiment 1. This figure compares the outcome variables immediately before and immediately after the intervention. The scores
were measured using a slider on ascale from 0 to 100. The 6 panels show scores for (A) the perceived likelihood of enacting the unwanted action, (B)
the perceived likelihood of enacting the valued action, (C) the intensity of the emotion, (D) the degree of struggle with the emotion, (E) the degree of
endorsement of the maladaptive belief, and (F) the degree of endorsement of the adaptive belief.
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User Experience Results

Multimedia Appendix 2 contains diagrams summarizing the
main findings on the app’s usability and the users' feedback for
experiment 1.

When answering the following question—"“What did you like
or not like about the App?’—90% (57/63) of the participants
commented on the positive aspects they liked about the app
(panel A in Multimedia Appendix 2). The other 10% (6/63) of
the participants provided feedback on aspects that could be
improved. Regarding disliked features and feedback for
improvement, some participants (6/63, 10%) would have
preferred a more colorful or interactive interface, improved
wording, and better layout of buttons, among other things. On
the basis of this feedback, we see the need to improve the
following features. Given that buttons are displayed in different
positions depending on phone size, the next version of the app

https://formative.jmir.org/2023/1/e44429
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should only present buttons in the upper navigation bar. The
wording of thetext in the app should be reviewed and improved.
In addition, before participants obtain access to the app, we
should make clear that the app does not work in dark mode and
should not be used on some specific iPhone model s (eg, iPhone
SE).

When answering regarding the degree to which they agreed
with the following statement—* You devel oped valuable skills
for your daily life” (panel B in Multimedia Appendix 2)—98%
(62/63) of the participants agreed that the app taught them a
valuable skill (14/63, 22% mostly agreed; 27/63, 43% agreed;
and 21/63, 33% strongly agreed).

When answering the following question—"1n which moments
would you use the app?’ (panel C in Multimedia Appendix
2)—most participants said that they would use the app to cope
with their emotions as they arise during the day (32/63, 51%)

JMIR Form Res 2023 | vol. 7| e44429 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

and when they lack self-confidence (6/63, 10%) or motivation
(4/63, 6%). Some participants (7/63, 11%) pointed out that they
would like to use the app when they feel overwhelmed by
emotions and need to calm down or feel better. Other
participants (4/63, 6%) answered that they would like to use
the app to improve their capacity for emotional awareness and
self-reflection. Some participants shared that they would use
the app to improve their performance (2/63, 3%) or when they
feel in need of self-care (1/63, 2%), among other reasons. In
total, 5% (3/63) of the participants shared that they would not
use the app.

When answering the following question—“Did you find
something confusing?’ (panel D in Multimedia Appendix
2)—95% (60/63) of the participants responded that thiswas not
the case, and 5% (3/63) of the participants pointed to aspects
of the app or the experiment that were confusing to them and
could be improved. On the basis of this feedback, we see the
need to improve the breathing meditation animation by changing
the arms of the avatar to a relaxed position as their facia
expression changes from overwhelmed to relaxed and content.

When answering the following question—“Did you find
something positively surprising?’ (panel E in Multimedia
Appendix 2)—92% (58/63) of the participants found some
aspects of the app positively surprising. The most positively
surprising aspectswere creating and breathing with the animated
little monster avatar (29/63, 46%) and the fact that the practice
with the app was effective (19/63, 30%). Some users were also
positively surprised by the fact that the app was fun and cute
(7/63, 11%) and easy to use (5/63, 7%) and by the reflections
and example answers (4/63, 6%). Furthermore, the average
rating for the app was 4.7 out of 5 stars (panel Fin Multimedia
Appendix 2).

The user survey results—showing that most participants
perceived the app as not confusing (60/63, 95%), positively
surprising (58/63, 92%), likable (57/63, 90%), and valuable
(62/63, 98%)—yielded very encouraging results regarding the
feasibility, usability, and perceived effectiveness of the app. In
addition, many participants (20/63, 32%) stated in open
guestions (when not being asked about the effectiveness of the
app) that they found the app to be effective in helping them
improve their current mental state when dealing with real-life
challenges.

Experiment 2

Overview

The results obtained in experiment 1 showed significant
improvements (P<.001in all cases) inthe measures of people’'s
affective and cognitive states after asingle session with the app.
Furthermore, the user experience results from experiment 1
were very positive concerning the app’s usability, value, and
helpfulnessinimproving their mental distressregarding real-life
challenges. In experiment 2, we tested whether these results
could be replicated in a more naturalistic setting where
participants repeatedly interacted with the app over the course
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of aweek. Another major goal of this experiment was to assess
thefeasibility of conducting arandomized controlled trial using
the current version of the app. To determine this, we measured
attrition and compared the attrition rates between the
experimental condition and a control condition.

Attrition

The attrition rate was significantly higher in the experimental
condition (41/100, 41%) than in the control condition (17/100,
17%; x*=12.8, P<.001). This asymmetric attrition suggests
that the experimental design delivered by thefirst prototype of
the InsightApp was suboptimal for longitudinal studies. We
attribute the asymmetric dropout rates to 2 main causes. The
first is that the experimental condition required considerably
moretime and effort than the control condition. Concretely, the
app required the experimental group to complete an introduction
to the morning practice at the end of the prestudy period,
complete a daily morning practice, and actively use the
metacognitive coaches to embrace anxiety during the
intervention period in addition to the daily evening report. In
contrast, the control group only had to consistently complete
the daily evening report. The second related cause is that the
list of requirements that the experimental group had to fulfill
to avoid being excluded was much longer than the corresponding
list for the control group.

To address these issues, future versions of the InsightApp will
provide the control group with additional, unrelated tasks that
take approximately as much time and effort as those of the
experimental group. In place of the experimental group’'s
meta-reasoning task, the control group will be asked a series of
unrelated questions about their preferences. In place of the
morning practice with the meta-awareness coach, the revised
control condition will present participants with unrelated
cognitivetasks (eg, a Stroop task or aspatial memory task) from
the ResearchKit (Apple Inc) open-source library [32].

Multiple Sessions, Pretest-Posttest | ntervention Results

In experiment 1, we found that asingle practicetraining session
with the app can significantly improve participants mental
state. In experiment 2, we studied whether those results were
replicated by the within-participant pretest-posttest measures
of their daily morning practice session. As expected, theresults
of the longitudinal experiment support the results obtained in
experiment 1. For each of the dependent variables, there was a
significant improvement from before the training session to
immediately after the training session. After the morning
practice, participants showed significantly decreased scoresfor
emotion intensity (t3;57=—5.959; P<.001; Cohen d=-0.67),
emotional struggle (t,s5,=—5.048; P<.001; Cohen d=-0.66),
and cognitive endorsement of the discouraging belief
(ts106=—7-385; P<.001; Cohen d=—0.60). In addition, participants
showed significantly increased scoresfor cognitive endorsement
of the encouraging belief (tg55 1=3.642; P<.001; Cohen d=0.28).
Table 5 summarizes the effects of our intervention on each
outcome measure for experiments 1 and 2.
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Table 5. Differencein pretest-posttest measures directly after completing a session with the app.2

QOutcome measure Experiment 1—single sessions Experiment 2—repeated measures
Effect size Magnitude Pvaue  Effectsize Magnitude P value

Intensity of the emotion -0.87 Large <.001 -0.67 Large <.001
Strength of the struggle -0.83 Large <.001 -0.66 Large <.001
Strength of maladaptive belief -0.82 Large <.001 -0.60 Large <.001
Strength of adaptive belief 0.27 Small <.001 0.28 Small <.001
Likelihood of unwanted action -0.79 Large <.001 _b — —
Likelihood of valued action 0.68 Large <.001 — — —

#The common interpretation for effect size values for paired Wilcoxon tests in published literature is small effect (0.10 to <0.3), moderate effect (0.30

to <0.5), and large effect (=0.5) [33].

Bin experiment 2, pretest-posttest changes in participants likelihood of unwanted and valued action were not measured.

User Experience Results

Multimedia Appendix 3 contains diagrams summarizing the
main findings on the app’s usability and the users’ feedback for
experiment 2.

When answering the following question—*What did you like
or not like about the App?’—56% (33/59) of the participants
only commented on aspectsthey liked about the app. A total of
44% (26/59) of the participants shared both positive aspects
they liked and aspects they disliked or could be improved. The
most appreciated aspects are summarized in panel A in
Multimedia Appendix 3. For testing purposes and to remove
the variance between participants, we developed a minimal
version of the app with limited functionalities (eg, participants
could work with only 1 emotion). Some feedback pointed to
removing these limitations or provided ideas for new
functionalities. In this section, we only address the negative
feedback that is useful for improving the current version of the
app to conduct longitudinal studies. From this feedback, we
learned that it is important to improve how we deliver
information about the study timeline to participants. This could
be accomplished by sending them daily messages with
information about their daily goals, their progress, and the next
steps. It will also beimportant to insert atrigger warning in the
instructions highlighting the fact that the app will ask them to
reflect on a difficult situation and get in touch with difficult
emotions. Regarding the evening report, it would be useful to
add a new question asking if there was another unrelated
situation that caused anxiety that day and use it as a covariate.
Regarding the morning practice, we see the need to add an
option to alow people to keep breathing after finishing the
morning practice and choose how many breaths to take.
Regarding the “catch function,” an important improvement
would be to add random periodic reminders during the day for
participants to be aware of their mental state and use the app to
breathe when feeling overwhelmed by the troubling emotion.
The study also identified bugs that occur only in specific cases,
such asthe absence of notifications or misconfigured calendars,
and in-app text that needs to be reworded. We will address all
these issues in the next version of the InsightApp.

When answering regarding the degree to which they agreed
with the following statement—"You developed valuable skills
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for your daily life” (panel B in Multimedia Appendix 3)—86%
(51/59) of the participants agreed (17/59, 29% mostly agreed;
30/59, 51% agreed; and 4/59, 7% strongly agreed) that the app
taught them a valuable skill for daily life.

When answering the following question—"1n which moments
would you use the app?’ (panel C in Multimedia Appendix
3)—most participants (33/59, 56%) answered that they would
use the app to cope with their emotions as needed during the
day, and asubset of participants (9/59, 15%) answered that they
would like to use the app to start or end the day. Some
participants (5/59, 8%) would use the app when feeling
overwhelmed by emotions and needing to calm down or feel
better. Other participants pointed out that they would like to
usethe app to actively improve their capacity for self-reflection
and emotional awareness (3/59, 5%), when lacking
self-confidence (1/59, 2%) or motivation (2/59, 3%), and for
changing habits (1/59, 2%), among other reasons. In total, 6%
(4/59) of the participants shared that they would not use the

ap.

When answering the following question—“Did you find
something confusing?’'—83% (49/59) of the participants
responded no (panel D in Multimedia Appendix 3). A total of
17% (10/59) of the participants pointed to aspects of the app or
the experiment that were confusing for them and that could be
improved. A total of 8% (5/59) of the participants commented
that the changes between different phases of the experiment
were confusing and that it was not clear when each stagewould
take place. In total, 5% (3/59) of the participants found the
wording of some questions confusing. A total of 3% 2/59) of
the participants would have liked to receive instructions
regarding the process of creating the avatar in advance. Intotal,
2% (1/59) of the participantswere confused about how to answer
the evening report asthey experienced anxiety that was unrelated
to the presence of the prespecified stressful situation. Another
participant was confused by the weekly calendar, which was
misconfigured on their phone. In addition, 2% (1/59) of the
participants commented that the introduction videoswere hel pful
for avoiding confusion.

When answering the following question—“Did you find
something positively surprising?’ (panel E in Multimedia
Appendix 3)—73% (43/59) of the participants found some
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aspects of the app positively surprising. Similar to the results
obtained in experiment 1, most users were positively surprised
by the fact that the practice with the app was effective for them
(23/59, 38%) and by the process of creating or breathing with
the animated little monster avatar (14/59, 24%). Some users
were also surprised by the fact that the app was fun (3/59, 5%)
and easy to use (3/59, 5%), that it improved their performance
during the day (3/59, 5%), and that breathing when feeling a
strong emotion became habitual for them (1/59, 2%). Other
participants were positively surprised by the reflections (2/59,
3%) and thefact that they gained insightsinto their mental world
(3/59, 5%), among other things.

The average rating for the app was 4 out of 5 stars (panel Fin
Multimedia Appendix 3). In addition, we asked the experimental
group to share their opinions about calling the avatars “little
monsters.” In total, 81% (48/59) of the participants liked the
name, 7% (4/59) were indifferent, and 12% (7/59) did not like
the name or suggested changing it. Some suggestions for new
names were “Little Helpers,” “Demons,” and “Widgets”

The user experience survey for the 2-week study—showing that
most participants perceived the app as not confusing (49/59,
83%), positively surprising (43/59 73%), likable (51/59, 86%),
and valuable (51/59, 86%)—corroborates the positive results
obtained in experiment 1 regarding usability with perceived
effectiveness and the usefulness of the app. In addition, the
survey resultsfrom experiment 2 provided feedback on disliked
features and how they could be improved.

Discussion

Principal Findings

We conducted 2 formative studies to test the feasibility,
usability, and potential effectiveness of the InsightApp in
helping people leverage metacognitive strategies to embrace
challenging situations and cope with emotiona distress in
real-life settings. As hypothesized, the results from experiment
1 indicated that a single session with the app helps people
improve their emotional state, the degree to which they believe
adaptive versus maladaptive thoughts, and their perceived
likelihood of acting in value-congruent versus unwanted ways.
Experiment 2 indicated that these benefits are almost equally
large when people repeatedly usethe InsightApp over the course
of aweek. Thereby, we replicated the findings of experiment 1
under more naturalistic conditions. Furthermore, the results
from the user experience surveys supported the hypothesis that
participants perceived using the InsightApp as a feasible,
valuable, and helpful way to cope with stressful situations in
their everyday lives. The exit surveys also provided valuable
feedback on how to improve the experiment’s instructions and
several of the app’s features.

Regarding the feasibility of using the InsightApp as aresearch
tool, the results from experiments 1 and 2 provided valuable
information on which features work (eg, example answers and
rating degrees of affect, belief, and behavior using sliders) and
which ones do not work (eg, the design of the control condition).
The preliminary studies presented in this paper are an important
step toward the design and evaluation of an app that leverages
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techniques from different psychotherapies for training
metacognitive skills for people to cope, in a healthy way, with
the difficult emotions they experience in stressful situations.

Limitations

Theformative studies presented in this paper have both strengths
and limitations. Among the strengths of the preliminary studies
arethereatively large sample sizes and the replication of results
acrossthe experiments. In addition, we sampled from arelatively
large and varied population, which is more diverse and
representative than the undergraduates who typically participate
in psychological experiments. Furthermore, participants
interacted with a high-fidelity prototype of the app. Therefore,
the results are highly informative of how users will respond to
the final version of the InsightApp.

Among the limitations of the studies are the lack of a control
condition in experiment 1 and the asymmetric attrition in
experiment 2, which prevented us from comparing the results
of the experimental condition with those of the control condition.
The use of single-item measures is another possible limitation,
comprising several outcome measures collected by the app.
There is a concern that the reliability of single-item measures
may be objectionably low [34]. To measure the reliability of
single-item measures, we evaluated the test-retest reliability of
our single-item measures in a follow-up study (Multimedia
Appendix 1). Other potentia limitations of our studies are the
confounding effects. Weidentified 3 main potential confounding
factors. Thefirst confounding factor is participants’ expectations
that the intervention is effective and will help them improve
their menta state (ie, the placebo effect). The second
confounding factor is participants potential implicit desire to
comply with the goas of the experiment (ie, demand
characteristics). Finally, the third potential confounding factor,
asreported by Tamir et a [35], isthat the preintervention stage
might activate in participants the goa of improving their
emotion, which can lead to the activation of emotion regulation
mechanisms by itself. Another limitation of the studies is that
wedid not measure whether participants actually performed the
mindful breathing exercise. We only measured the effect of
participants being told to perform the exercise, which is
generaly lower than the effect of actually performing it.
Moreover, our participants were not fully representative of the
app’s potential users. Our participants were paid to complete
the study. Therefore, they may have been morewilling to invest
effort and be patient with our app than real users. In addition,
real userswho will seek out our app onthe App Storewill likely
be experiencing higher amounts of mental distress. Furthermore,
to use the app, it is key for users to understand the reflections
and instructions. Our sample from Prolific likely had more
experience answering psychological questionsthan the general
population.

Comparison With Prior Work

In this section, we compare the effect sizes obtained in our
studies with those commonly obtained by EMIsfor improving
mental health, menta health apps, and mindfulness
interventions. It isimportant to keep in mind that most previous
studies have evaluated the pretest-posttest effects of different
interventionsin terms of the improvements achieved over days,
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weeks, or months. In contrast, in experiments 1 and 2, we
evaluated the active components of the intervention in terms of
immediate improvement after completing a single session with
the app that lasted between 5 and 30 minutes. On the one hand,
we measured the effect of amuch lower dose of theintervention.
In contrast, treatment effects tend to decay over time.
Furthermore, the formative results obtained regarding our app
did not include a control condition, which is the case in most
studies regarding the effectiveness of interventions. Therefore,
given the differences in timescales and experimental design, it
is not clear whether and, if so, how our effect sizes can be
compared with effect sizes from other studies. Nevertheless,
we compared our results with those of similar previous
interventions. Future work should measure the effectiveness of
the InsightApp in the same way in which it is measured by
existing interventions. This would make it possible to select
between aternativeinterventions based on comparable measures
of efficacy.

The InsightApp average pretest-posttest scores for participant
improvements in affect—measured through a decrease in the
intensity of perceived negative emotion and the degreeto which
they struggled with it—revealed large effects when measured
once in experiment 1 (average Cohen d=-0.85) or multiple
times in experiment 2 (average Cohen d=-0.67). These effects
are noticeably larger than the average effects reported in
previous studies evaluating the effectiveness of EMIs in
improving mental health [10], mental health apps [35], and
mindfulness interventions [7]. However, these comparisons
should betaken with agrain of salt aswe measured the efficacy
of our app within the experimental group, whereas the
meta-analytic effect sizesare mostly based on studies comparing
the experimental condition with a control condition. Moreover,
we measured effect sizes using the Cohen d, whereas the
meta-analyses with which we are comparing measured effect
sizes using the Hedges g. However, Hedges g effect sizes are
comparable with Cohen d effect sizes given samples of >20
participants. In the following paragraph, we summarize the
findings of the most relevant prior work in more detail.

According to a meta-analysis of 33 EMI studies [10], most of
the interventions focused on clinical samples, and half of the
studies EMIs were used with the support of mental health
professionals. On average, the studies lasted 7.5 weeks and
delivered from 4 to 420 training episodes. Most of the
interventions provided active training, which included exercises
(76%0). Similarly, the InsightApp delivered an activeintervention
offering exercise sessions. Our intervention presented an average
of 17 training episodes distributed over a period of 1 week

Data Availability

Amoetd

(experiment 2). Similar to our formative experiments, 17 of the
studies included in the meta-analysis used a pretest-posttest
design. The within-subject analyses showed asmall to medium
effect for EMIs that were not supported by mental health
professionals (g=0.45, 95% CI 0.22-0.69). The average effect
was small to medium for stress (g=0.40, 95% Cl 0.23-0.57) and
anxiety (g=0.47, 95% CI 0.32-0.63). The meta-analysis by Firth
et al [36] of randomized clinical trials testing the efficacy of
mental health apps for clinical and high subclinical levels of
anxiety or depression found small effects (g=0.33, 95% ClI
0.17-0.48; P<.01). The average effect sizes found for
mindfulnessinterventionstargeting the general population were
small for perceived stress (g=0.46, 95% Cl 0.24-0.68) and
anxiety (g=0.28, 95% CI 0.16-0.40) [7].

In our second experiment, the adherence scoreswere asymmetric
between the experimental (60%) and the control (82%)
conditions. Despite the asymmetric dropout between conditions,
the adherence score for the experimental condition was
comparable with the adherence scores for mobile mental health
apps targeting the clinica population (ie, 56.6%) and
mindfulness apps targeting the general public (ie, 59%), as
reported by Jakob et a [37]. The review by Jakab et a [37]
covered 20 mental health appswith amedian intervention length
of 56 days and 9 mindfulness apps with a median intervention
length of 42 days. It isimportant to consider that thereisa series
of factorsinfluencing the adherence rates of experiments 1 and
2, which complicates the comparison with other studies. First,
participants in both studies were paid and motivated with
bonusesto complete the studies. Second, the samples collected
for both studies were not clinical. In contrast, the exclusion
criteria for experiment 2 were strict in the sense that they
required a minimum of 70% compliance.

Conclusions

In this paper, we presented 2 formative studies to test the
feasibility, usability, and potentia effectiveness of the
InsightApp in helping users leverage metacognitive strategies
to embrace challenging situations and cope with emotional
distressin rea-life settings. The encouraging preliminary results
indicate that it is worthwhile to continue developing the
InsightApp and evaluate it in a randomized controlled trial.
Furthermore, the results from the user experience surveys
supported the hypothesis that participants perceived using the
InsightApp asafeasible, valuable, and helpful way to copewith
stressful situationsin their everyday lives. The exit surveysalso
provided valuable feedback on how to improve the experiment’s
instructions and the features of the app.

The data sets generated and analyzed during this study are available in Open Science Framework storage, Metacognitive coaches

formative studies repository [38].

Conflictsof Interest
None declared.

https://formative.jmir.org/2023/1/e44429

IMIR Form Res 2023 | vol. 7| e44429 | p. 14
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Amo et d

Multimedia Appendix 1

Reliability of single-item measures.
[DOCX File, 19 KB-Multimedia Appendix 1]

Multimedia Appendix 2

The InsightApp’susability ratings and user feedback for experiment 1. Panel (A) shows the number of participants who mentioned
liking different aspects of the app. Panel (B) shows the degree to which participants agreed that the app taught them a valuable
skill. Panel (C) shows participants’ preferences regarding when to use the app. Panel (D) shows the number of participants who
found the app confusing. Panel (E) shows the number of participants who were positively surprised by the app. Panel (F) shows
participants’ ratings of the app on ascale from 1 to 5 stars.

[PNG File, 145 KB-Multimedia Appendix 2]

Multimedia Appendix 3

The InsightApp’susability ratings and user feedback for experiment 2. Panel (A) showsthe number of participants who mentioned
liking different aspects of the app. Panel (B) shows the degree to which participants agreed that the app taught them a useful skill.
Panel (C) shows participants preferences regarding when to use the app. Panel (D) shows the number of participants who found
the app confusing. Panel (E) shows the number of participants who were positively surprised by the app. Panel (F) shows
participants’ ratings of the app on ascale from 1 to 5 stars.

[PNG File, 143 KB-Multimedia Appendix 3]
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