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Abstract
Mobile Health (mHealth) interventions have the potential to improve early identification, prevention, and treatment of mental
health problems. Grow It! is a multiplayer smartphone app designed for youth aged 12–25, allowing them to monitor their
emotions and engage in daily challenges based on Cognitive Behavioral Therapy (CBT) principles. Recently, a personalized
mood profile was added to improve the app. We investigated whether real-time personalized feedback on mood enhances
app engagement, user experience, and the effects on affective and cognitive well-being.
Sample A (N= 1269, age= 18.60 SD= 3.39, 80.6% girls, 95.4% Dutch) played the original app without feedback on their
mood, and an independent Sample B (N= 386, age= 16.04 SD= 3.21, 67.6% girls, 82.9% Dutch) received the renewed ver-
sion with personalized real-time feedback on their mood.
Participants who received personal feedback did not have higher app engagement (t(1750,400)= 1.39, P= .206, d= 0.07;
t(692,905)= 0.36, P= .971, d= 0.0) nor higher user experience (t(177,596)= 0.21, P= .831, d= 0.02; (t(794)= 1.28, P=
.202, d= 0.12; χ2 (659,141)= 2.83, P= .091). Players of the renewed version (Sample B) experienced significant improve-
ments in affective (t(175)= 3.01, P= .003, d= 0.23) and cognitive well-being (t(175)= 3.48, P= <.001, d= 0.26) over the
course of three weeks.
The renewed version Grow It! has the potential to enhance youths’ affective and cognitive well-being. However, adding real-
time insights did not seem to affect app engagement nor user experience.
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Introduction
Ever since the COVID-19 pandemic there has been a steady
increase in children anxiety and depression symptoms
across the globe. The need for child and adolescent
mental health services increasingly outweighs the resources
such as the availability of trained health-care professionals
resulting in long waiting lists.1 Clearly, innovations are
needed to prevent a further rise of mental ill health
among the youth. Innovative mobile health applications
(mHealth) have the potential to prevent the emergence of
problems, and improve early identification and treatment
of mental health problems.2, 3 mHealth comes with import-
ant benefits compared to the traditional therapy. First, the
accessibility of mHealth applications is not limited by

professional resources. Second, with almost all adolescents
having access to their own mobile device, mHealth is
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scalable and accessible, and adolescents can use it when-
ever and wherever they want. Thirdly, from a user perspec-
tive, adolescents may perceive mHealth as less stigmatizing
compared to face-to-face health-care,4 and it may also have
a better fit with their natural ways of interacting with others,
which increasingly takes place online.5, 6 As such, mHealth
may be a good alternative when traditional interventions are
not possible. Even though the developments of mHealth
interventions are rapidly evolving, still few evidence-based
interventions are currently being used in practice. Earlier
work on mHealth for adolescents has shown that it is feas-
ible in youth7 and part of regular treatment for psychiatric
symptoms such as depressive symptoms8 and psychotic
symptoms.7, 9

However studies validating the effects of standalone
mHealth on mental health and well-being are scarce.8, 10

Whereas a wide variety of mHealth tools are now success-
fully implemented in different clinical settings e.g.11–13 one
of the major challenges of mHealth interventions is to keep
adolescents motivated and engaged,14 especially when
there is no professional involved. Earlier work has hinted
at several factors which may improve this. First, co-creation
of mHealth applications with youth has been suggested as a
promising approach to improve the look, feel, and attract-
iveness of applications.15, 16 Second, providing real-time
interactions with participants may be key. For instance,
Bakker et al. (2016) recommend to optimize the effective-
ness of mHealth for youth with internalizing problems by
combining both self-monitoring of emotional well-being
throughout the day16 (e.g. using Experience Sampling
Method17) with real-time personalized feedback to
improve motivation and engagement. As such, monitoring
becomes an ecological momentary intervention (EMI)—
insights and challenges are delivered in everyday life
rather than only in a therapeutic session with a profes-
sional.18 Personalized feedback on participants’ own emo-
tional well-being and real-time insight in the effects of
their behavior might be both motivating and improve
engagement and user experience which is also highlighted
by Knaup et al. (2009)—this is the main hypothesis tested
in this study.19 This hypothesis is tested by comparing
two versions of the Grow It! app, one with and one
without a personalized real-time mood profile.

Real-time personalized feedback in the Grow It! app

In short, the application central in this study is the multi-
player smartphone serious game Grow It! app [10, 20;
Figure 1]. It is an ecological momentary intervention18 in
which 12–25 year olds engage in two activities. (1) For 3
weeks, participants self-monitored their well-being with
an Experience Sampling Method (ESM) component, and
as such they gathered assessments about the emotional
experiences, whereabouts, and companionships at five
random moments per day. (2) Participants conducted

daily challenges or assignments based on the enhancement
of different coping strategies: distraction, problem solving,
social support, and acceptance. An example of a challenge
is as follows: ask someone what they like about you and
write it down (assignment; aimed at social support). The
development, feasibility, and acceptance of Grow It! was
published elsewhere.10 The first version of the app was
launched and tested on a large scale during the
COVID-19 pandemic. Results revealed that in 1195 adoles-
cents who had played this gamified mHealth tool, affective
and cognitive well-being significantly increased, and
depressive symptoms and anxiety decreased after 3–6
weeks.20

Based on the feedback from players, extensive user eva-
luations, literature review [e.g.16] as well as ongoing con-
versations with professionals, a third feature was added to
Grow It! recently. (3) In the new version of Grow It! ado-
lescents received a real-time personalized mood profile
based on self-reported mood in the ESM.

The current study

In this study, we compare the results of Grow It! in a
version without a personalized mood profile to a version

Figure 1. Grow It! app.
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with a personalized mood profile. Methods and hypotheses
were preregistered. We aim to answer the following
research questions: RQ1) Does user engagement improve
by adding personalized real-time feedback? We expect
that users of the renewed version of Grow It! would
(H1a) report higher experience sampling compliance (i.e.
more questions answered) and (H1b) complete more daily
challenges compared to users who did not receive feedback.

RQ2) Does user evaluation improve by adding persona-
lized real-time feedback? We expected that (H2a) user
evaluation, (H2b), evaluation of design, (H2c), and recom-
mendability of the app to friends would be higher among
users who received personalized feedback.

Furthermore, we aimed to replicate earlier findings20

about the potential effectiveness of Grow It! app (i.e an
increase in affective and cognitive well-being pre–post
measurement) in the sample with personalized feedback
by answering:

RQ3) How did adolescents’ affective and cognitive well-
being change after playing Grow It? We expected adoles-
cents (H3a) to improve in their affective or cognitive well-
being after playing the renewed version of Grow It!

Without a priori hypotheses (H4a), we asked: RQ4)
How many adolescents have improved in their affective
or cognitive well-being after playing the renewed version
of Grow It! and RQ5) we inspected whether app engage-
ment and user experience of the renewed Grow It! was
related to changes in affective or cognitive well-being.
We expected that (H5a) more app engagement and (H5b)
higher user experience are related to stronger increases in
affective and cognitive well-being. The current study had
the overarching objective to evaluate whether real-time
feedback about participants’ own emotional well-being
could increase app engagement and user experience
among adolescent mHealth users. Moreover, we also
inspect whether we can replicate our earlier findings with
regard to improvement of well-being after playing Grow It!

Finally, as an exploratory analysis to gain understanding
of clinical future applications of Grow It!, we conducted
nine semi-structured interviews with health-care profes-
sionals and explored their views regarding the added
value of personalized feedback in an mHealth tool and to
asses potential barriers seen by professionals for implemen-
tation in practice.

Methods

Participants, procedure and recruitment

Grow It! was developed according to cutting-edge guide-
lines for app development (see 7 for a detailed description).
As such, with each study, we implement lessons from our
own results and also the rapid developments in our field
to further improve our design and effectiveness of the
app. New users, then, play the improved version. In this

study, we compare a version with a personalized mood
profile to a version without a personalized mood profile.
In each new phase of the developmental process, we
apply the same design to allow comparison between differ-
ent iterative improvement cycles: Grow It! is tested with an
experimental study without a control group (pre–post
design).

To test our hypotheses, we compare quantitative data
from two independent community-based samples that
come from a larger project (Grow It!). Sample A (N=
1269, age= 18.60 SD= 3.39, 80.6% girls, 95.4% Dutch,
educational level low 17.9%, medium 35.1%, 46.6%
high, 0.9% other) played the original version of the Grow
It! app for 3 weeks without the personalized mood profile
and could enroll in the app from December 2020 until
February 2021 [see 20 for meta-data which were used
here]. Sample B played the renewed version of the Grow
It! app with personalized real-time mood profile for 3
weeks (N= 386, age= 16.04 SD= 3.21, 67.6% girls,
82.9% Dutch, educational level low 8.1%, 19.9%
medium, 70.2% high, 1.8% other) and could enroll in the
app from March 2021 until May 2021. Other than the add-
ition of a mood profile, no changes were made. Data collec-
tion took place during the COVID-19 pandemic. During the
enrolment periods, there were varying government mea-
sures in response to COVID-19, which fluctuated from
strict lockdowns and curfews to loosened restrictions.
Grow It! was initially designed for at-risk youth, such as
those with a parent with a psychiatric disorder or a
chronic somatic disease. However Grow It! became pub-
licly available during the COVID-19 pandemic, consider-
ing all Dutch youth as “at risk for emotional problems.”

In each sample, similar recruitment strategies were con-
ducted. To participate, adolescents (12–25 year olds)
needed to be able to read and write Dutch, live in the
Netherlands, and own a smartphone. Participants were
recruited via advertisements and a promotion video on
(social) media, through online announcements by school-
teachers [see 20, for details] and via teachers who used
our educational materials. All study information was pub-
lished on our website (www.growitapp.nl/corona), where
it was also possible to contact the team of researchers and
where participants (and their parents for 12–16 year olds)
signed the informed consent on a secure webpage. As a
reward system, a random group of participants, with at
least 70% compliance, was drawn monthly to win a gift
voucher worth €75, €50, €30, or €15 or Apple Airpods.
The study was carried out completely online, without
video calls or face-to-face contact to motivate participants.

The pre–post research design (and instruments) were
identical in each sample.

Following a brief online baseline questionnaire covering
demographic characteristics, depressive and anxiety symp-
toms, as well as affective and cognitive well-being, adoles-
cents received a personal login code for the Grow It! app,
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which they engaged with for 3 weeks. Daily mood and
whereabouts were assessed within the app. After this
period, participants completed a follow-up questionnaire
online, covering mental health and well-being outcomes
as measured at baseline, along with detailed questions on
their user experience with the Grow It! app. For a complete
overview of all measures consult our online codebook.

New feature: Real-time personalized mood profile

The renewed version of Grow It! presents a new feature in
the app. As presenting data to teens can be challenging and
requires creative ways of presentation which appeal to their
level of numerical understanding, we quickly realized that
the youth did not understand charts with x-axis or y-axis,
typically used in methods such as the life chart.
Therefore, we organized a focus group with the aim to
co-create an understandable real-time personalized mood
profile.15 The final visualization of emotional well-being
in Grow It! is co-created with psychiatrists that specialized
in child and adolescent mental health, developmental and
clinical psychologists, data analysts, game designers, and
a youth test panel aged 12–25 years based on the circum-
plex model of affect.21 (See Figures 1, 2 and 3). The cir-
cumplex model of affect categorizes emotions along two
primary dimensions: valence (pleasantness) and arousal
(intensity). Emotions are plotted within a circular space,
offering a comprehensive framework for understanding
emotional experiences.21 In Grow It! bigger/darker circles
represent a higher mean level of a specific emotion,
whereas positioning further away from the center are
based on the intensity of the emotions. When children
move the ruler through time or when they select a different
context, they see dynamical changes in their emotions.

Figure 2. Real-time mood profile Grow It!. *Note: The bigger a
sphere, the more present an emotion. There is a possibility to scroll
throughout a specific day or week.

Figure 3. Real-time mood profile Grow It!. *Note: The bigger a
sphere, the more present an emotion. There is a possibility to filter
real-time on all filled out ESMs across context and situation (e.g.
average mood profile when with friends).

4 DIGITAL HEALTH



Measures

The measures were identical in both samples

Affective and cognitive well-being. To measure well-being
two questions were asked in the online baseline and
follow-up questionnaire: “How happy did you feel last
week?” (affective well-being) and “How content with
your life were you last week?” [cognitive well-being;22,
23]. Affective well-being is scored on a seven-point Likert
scale with a score range of 1 to 7 where 1= not at all, 4=
a little bit, 7= totally. The item for cognitive well-being
was scored on a 10-point Likert scale with a score range
of 0 to 10 where 0= not at all, 5= a little bit, 10= totally.
Higher scores on affective and cognitive well-being
reflect higher affective and cognitive well-being. Previous
work shows good convergent validity and good reliability
of this single item measurement of affective and cognitive
well-being.6, 23

App engagement

App engagement was operationalized as commonly done in
behavioral science literature as behavior related to app
usage (Perski et al., 2017). In the Grow It! app, this is the
percentage of completed ESM questionnaires and the per-
centage of completed daily challenges.

User experience

Following guidelines to measure user experience,24 evalu-
ation of the app was measured in the follow-up question-
naire by asking participants how they would rate the app
and the design of the app (answer scale from 1 to 10) and
whether they would recommend the Grow It! app to their
friends (yes/no).

Statistical analysis
All research questions and hypotheses are preregistered at
the OSF (labels of hypotheses were slightly adjusted). For
RQ1 and RQ2, we assessed differences in app engagement
between users of the renewed version of Grow It! versus
users who received no personalized feedback in terms of
(H1a) compliance (H1b) challenges and user experience
in terms of (H2a) user evaluation, (H2b) evaluation of
design, (H2c) recommendability of the app to friends.
Independent sample T-tests25 and a χ2-test25 were used,
accompanied by effect sizes using Cohen’s d (small d=
0.2, medium: d= 0.5, large: d= 0.8).

For RQ3–RQ5 (only in Sample B), we assessed how the
renewed version of the app functioned (following up on
earlier publications on older version). Paired samples
T-tests were conducted to compare cognitive and affective
well-being at baseline from cognitive and affective well-

being respectively at follow-up (H3a). Furthermore, we
reported (H4a) for how many adolescents a theoretically
and clinically relevant change (.20 SD) in well-being had
occurred.26 Finally, for RQ5, (H5a) app engagement and
(H5b) user experience were related (with the Spearman cor-
relation) to affective and cognitive well-being change rates.
We applied α= .05 in all analyses; all P-values reported are
two-sided. Analyses were performed using the IBM SPSS
version 25 for Windows.27 The reported results were care-
fully checked with the stats-check software.28

Sensitivity analyses

As demographic variables across Sample A and Sample B
differed significantly (See Supporting information S2) we
have added, apart from our preregistered analyses, several
sensitivity analyses (regression framework) to our supple-
mental material (Supporting information S6–S8).

Missing data and power

Users who did not show any activity in the app (0 ESM and
0 challenges completed) were excluded. Otherwise, all
available data were included. For a more in depth overview
of attrition, consult Supplementary information Table S1
which includes descriptive statistics for responders and
non-responders. Based on the G*power analysis, to
achieve power of 0.8 with small, medium, and large
effect sizes, a minimum of N= 620 was needed; hence,
this criterion was met for RQ1 and RQ2 (see
Supplementary information Table S2). For RQ3 also the
minimum required sample size (N= 12, N= 27) for a
power of 0.8 and large and medium effect sizes, respect-
ively, was met.

Additional perspective: interviews with health-care
professionals

To better understand the perspective of clinicians with
regard to the added value of personalized feedback in an
mHealth tool and to assess potential barriers seen by profes-
sionals for implementation in practice, a convenience
sample of nine health-care professionals from different dis-
ciplines (i.e. nurses, physiatrists, psychologists, physicians)
was invited for interviews between 11 July and 1 August
2022. Nine health-care professionals (9/9; 100% response
rate) responded positively to our invite, and after being
informed about the purpose of the interviews and the volun-
tary nature of their participation, they signed informed
consent. For detailed information on the sample and data
processing see Supplementary Information Table S3 and
Appendix S4).
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Ethical approval

The Grow It! study was conducted in accordance with the
guidelines proposed in the World Medical Association
Declaration of Helsinki and has been approved by the
Medical Ethical Committee of the Erasmus Medical
Centre (registration number: MEC2020-0287).

Results

The added value of personalized feedback

In this real-world unmonitored study of the renewed version
of Grow It! (Sample B, N= 386), on average 24% (SD=
25.42) of the ESM questions were answered (25 out of
105 ESM notifications), and 41% of the challenges were
conducted (nine out of 21 challenges). All participants in
Sample B received a real-time emotion profile independ-
ently of the number of filled out ESM questions, which
were continuously updated with data during the app
usage. In general, users were satisfied with the renewed
version of the app (scoring 7.22 out of 10 for the app in
general, 8.10 for its design, and 66% would recommend it
to peers). However, in contrast to our hypotheses, (RQ1
and RQ2) app engagement and user experience were not
significantly higher among users who received a persona-
lized real-time mood profile versus those who did not
(Table 1). This counts for ESM compliance (t(1750,400)
= 1.39, P= .206, d= 0.07), the number of challenges
(t(692,905)= 0.36, P= .971, d= 0.00), the overall evalu-
ation of the app (t(177,596)= 0.21, P= .831, d= 0.02),
the design of the app (t(794)= 1.28, P= .202, d= 0.12)
and recommendability of the app to friends (χ2 (659,141)
= 2.83, P= .091).

Apart from our preregistered analyses, we ran a sensitiv-
ity analyses in a regression framework to control for pos-
sible confounders (sex, age, ethnicity, education,
COVID-19 stringency index, see Supplementary informa-
tion Table S5). Results remain similar, that is, when con-
trolling for demographic characteristics—participants do
not differ with regard to app engagement and user experi-
ence between Sample A and Sample B.

Zooming in on the personalized mood profile, partici-
pants evaluated the personalized mood profile in the
follow-up questionnaire on average 3.26 (SD= 1.15) on
easiness to understand (five-point scale), indicating that
they experienced the mood profile to be “quite clear” to
“very clear”. Moreover, we also asked participants what
the experienced effect of the personalized mood profile
was. A total of 33 of the 138 participants (23.9%) indicated
that they learned more about themselves, 9.4% (13/138) felt
better because of it, and 38.4% (53/138) reflected more on
their feelings. Others indicated self-insights such as: “I
learned from the mood-profile that I’ve been very tired
lately and that I need to change my rhythm a bit to

improve it” (20 year old girl). “I learned that I feel different
in various situations and contexts” (17 year old boy). “I
learned more about how I feel during the day, and by
looking back on that I saw a pattern in my emotions” (13
year old girl). About 13.1% (18/138) indicated that they
shared their personalized mood profile with others which
was mostly with friends (61%; 11/18 or with family
members (39%; 7/18) .

Changes in well-being after playing Grow It!

With regard to the measured effects (RQ3–RQ5), during the
3 weeks of playing Grow It! with personalized feedback
(Sample B), adolescents’ affective well-being increased
from baseline (mean= 5.07 SD= 1.24) to follow-up
(mean= 5.32 SD= 1.27; t(175)= 3.01, P= .003, d=
0.23). Likewise, cognitive well-being increased from base-
line (mean= 6.71 SD= 2.20) to follow-up (mean= 7.21 SD
= 2.01); t(175)= 3.48, P=<.001, d= 0.26; see also Table 2
and Figure 4). As participants who have a low well-being at
baseline could benefit most from Grow It! we reran our ana-
lyses with participants below middle on affective and cog-
nitive well-being (see Supplementary material S6).
Affective and cognitive well-being still improves signifi-
cantly in this subgroup of participants. Moreover, 23 parti-
cipants in our sample recently received treatment for mental
health problems we reran our analyses without these partici-
pants and found that affective and cognitive well-being still
improves in participants (see Supplementary material S7).
This result can thus not be explained by the presence of par-
ticipants that received different treatments at the same time.
With regard to clinically meaningful changes (d> .2) 38.6–
48.9% of the adolescents increased meaningfully in their cog-
nitive and affective well-being. More specifically, 38.6% ado-
lescents increased, 20.5% decreased, and 40.9% remained
stable in their affective well-being, and 48.9% adolescents
increased, 23.9% decreased, and 27.3% remained stable in
their cognitive well-being (i.e. the change was smaller than
d= 0.2). Neither more positive evaluations (respectively r=
.14; r= .02 for affective and cognitive well-being) nor more
engagement (compliance: respectively r= .06, r=−.01 for
affective and cognitive well-being, and challenges: respect-
ively r= .12, r= .05 for affective and cognitive well-being)
correlated significantly with the strength of changes over
time in affective and cognitive well-being.

The effect of Grow It! on affective and cognitive well-
being change remained consistent across samples and
were not influenced by sex, age, ethnicity, education or
COVID-19 sensitivity index, as revealed in our additional
sensitivity analyses in Supplementary material S6.
Finally, we inspected the influence of baseline well-being
scores on change in a regression framework and visualized
the individual patterns of change (see Supplementary
material S8 and S9).
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The added value of personalized feedback according
to health-care professionals

Results of 9 interviews with health-care professionals from
different disciplines revealed that all health-care profes-
sionals see value in using mHealth tools, such as Grow
It!, for their patient populations. Specifically, 9 out of 9
indicated that clients could benefit from the mood profile
– and might learn more about their emotional well-being
in specific contexts. For example, one health-care profes-
sional highlighted that: “…what I see a lot in young
people is that they have limited insight into exactly what
they feel, why they feel this, and when they felt this”.
Several benefits from including a mood profile were men-
tioned by the health-care professionals, including the fol-
lowing codes: “self-insight”, “monitoring of emotional
well-being”, “active involvement in treatment process”,
“easy to open a conversation”, “non-stigmatizing”,
“better than paper-pencil diaries”, “structured and
visual”, “language of the youth”.

Health-care professionals stress that the mood profile
might also have a downside if an adolescent repeatedly

reports negative feelings (eight out of nine). “The feedback
is then confronting them with this bad news”. A solution to
this, pointed out by seven out of nine health-care profes-
sionals, is to combine mHealth with regular treatment.
“The mood profile can be part of the first, second and
later therapy sessions and might lead to new insights for
both the patient and myself. If a patient reports negative
feelings over the course of several days we can take a
look at this pattern together”. All health-care professionals
would like to use the here tested mHealth app in clinical
practice for patients specifically with emotional problems.

Discussion
To promote well-being and mental health among adoles-
cents, innovative new interventions have been developed;
several of them capitalizing on the new possibilities
offered by mobile technology.18 However, when such
mHealth interventions are not guided by professionals, ado-
lescents typically have a rather poor engagement and motiv-
ation. One possible way to improve this is to provide
feedback on their progress and results;16 in our case, a real-
time mood profile was developed to provide users insights
in how they are feeling and doing in their everyday lives.
By comparing two versions of our gamified mHealth app,
one with and without the added feature of the personalized
real-time mood profile, we could test this hypothesis.

The addition of this personal feedback feature was evalu-
ated positively by several users, but comparing different
samples of adolescents revealed no improvements in user
engagement (i.e. compliance during self-monitoring, execut-
ing daily challenges) and user experience (i.e. increased
evaluation of the design of the app). Furthermore, we repli-
cated the earlier reported increases in affective and cognitive
well-being after playing the app with the mood profile for 3

Table 1. Differences in app engagement and user experience.

Sample A Sample B (renewed version) Test-statistic P value Effect size (d )

App engagement (RQ1) N= 1269 N= 386

ESM compliance (%) (H1a) 25.65 (26.37) 23.78 (22.03) t(750,400)=−1.39 .206 0.07

Challenges (%) (H1b) 40.73 (32.29) 40.80 (29.32) t(692,905)= 0.36 .971 0.00

User experience (RQ2) N= 659 N= 137–141a

User evaluation (H2a) 7.19 (1.31) 7.22 (1.70) t(177,596)= 0.21 .831 0.02

Design (H2b) 7.94 (1.33) 8.10 (1.38) t(794)= 1.28 .202 0.12

Recommendability (H2c) 73.0% yes (481/659) 65.7% yes (93/141) χ2= 2.83 .091 -

aNot all participants finished the last questions of the online follow-up questionnaire, therefore the sample size differs.

Table 2. Changes in well-being before and after Grow It!
(Sample B).

Variables
Overall
changea

t
test

P
value

Effect size
(d )

Affective well-being
(RQ3)

+0.25 3.01 .003 0.23

Cognitive
well-being (RQ3)

+0.50 3.48 <.001 0.26

aOverall change (mean follow-up–mean baseline).
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weeks.20 Neither app engagement nor user experience was
related to improvements in cognitive or affectivewell-being,
however. Although health professionals appreciated the per-
sonalized mood profile and believed it would resonate with
youth and enhance self-awareness, they recommended a
blended approach to mitigate potential negative effects of
self-monitoring. These findings as well as their potential
implications for practice are discussed below.

Principal results and comparisons with prior work

Personalized real-time feedback: an added value? In many
domains, providing feedback on one’s daily feelings has
shown an effective and helpful component of treatment.29,
30 For example, in clinical patients with bipolar disorder,
a life chart including records of mood and psychological
symptoms has shown to help patients, their family
members, and clinicians to monitor patients’ mood
swings and impact of life events, sleep, and medication
more accurately.31 However, the extent to which it may
also improve an mHealth app for adolescents, is to the
best of our knowledge, unanswered.

One of the major drawbacks of monitoring the self is that
it often entails activity and engagement of the client. It may

be, in fact, a quite tedious task for participants to report
several times per day how one is feeling. Both in ESM
research settings32 and User Experience design of health
apps24 it has long been discussed how to motivate users
to become more engaged with the application. In this
project, we took gamification as our approach32 and
co-designed a personal real-time mood profile which
aligns with the numerical skills of adolescents.

The added value of this feature for mHealth for adoles-
cents was evaluated from different perspectives, i.e. by
comparing different groups of users and by interviewing
both users themselves and professionals. According to
users, the mood profile was clear and understandable, and
they rated the visual design app with an 8.1 (out of 10).
In open ended questions, we learned that even though the
profile was intended for the end-user, about 11% of the
users of the Grow It! app used their mood profile as a con-
versation starter about their emotional well-being with
others, such as their friends and family. A total of 38% indi-
cated that the profile had helped them to reflect on emotions
more deeply. Literature indeed suggests that more insight in
emotional well-being might result in more adequate help-
seeking behavior.33 However, our results did not show
that that real-time personalized feedback about one’s

Figure 4. Changes in affective and cognitive well-being from baseline to follow-up in participants who played Grow It! with mood profile.
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feelings improves users’ motivation to play the app and
increase the evaluation of the app as a whole.

It has been suggested before in review studies3, 16 that
mHealth may help to prevent and improve mental health
problems among youngsters. Findings of the current study
replicate earlier findings20—after playing Grow It! users
reported an increase in affective and cognitive well-being.
This finding has now been demonstrated in three independ-
ent samples. In contrast to our expectations, neither positive
evaluations nor more engagement correlated with changes
in affective and cognitive well-being after playing the
Grow It! app. We had expected that youths who would be
more engaged would improve more strongly. However,
under the real-world conditions, in which this app was
examined, another effect may be present, which cancels
this out. With regard to the engagement, one of the explana-
tions that youth provided themselves in exit interviews is
that they stopped when they felt the intervention had
reached its effects (“I have learned enough”, “I feel
better now”, “I don’t need it anymore”).

Another possible explanation is that the effect of feed-
back might become more apparent after 6 months, a result
that was found by Kramer and colleagues (2014).11

Future research, with longer follow-ups, is needed to estab-
lish whether the amount of the personal burden may in fact
be a motivator for engagement, whether perhaps shorter
intervention may already be effective for youth with
fewer problems, and how long it takes for effects to
become visible.

Based on similar usages of mHealth with self-
monitoring, one possible missing factor in our current
design is deeper reflection on the meaning of the profiles
—which could be achieved in a blended approach. In
other programs in which ESM is part of clinical care
[e.g.11–13] professionals successfully help the client to
read and understand the insights from mood profiles. For
example in Kramer et al., (2019) depressed out patients
have face-to-face sessions in which feedback is provided
by a psychologist or psychiatrist on their momentary affect-
ive states in specific daily life context and the association
with depressive symptoms.11

Such potential of the implementation of mHealth as inte-
grated part of treatments was also echoed by the inter-
viewed professionals. According to them, the Grow It!
app could have a place in a blended treatment (combination
of offline treatment with validated mHealth tools).
Potentially, increased self-monitoring could increase self-
awareness, which could have a positive effect on the motiv-
ation of patients for treatment.34 Whereas we did find that
most adolescents reported increased well-being—the pro-
fessionals also highlighted potentially negative effects
when the use is unguided. The fact that 19.8–24.0% of
the players decreased in well-being could potentially be
related to this phenomenon. Hence, an open question
which future research needs to address is for whom

mHealth can be used safely without access to a health-care
provider, and for whom it is best applied in the context of a
client–professional relationship. Potentially, rather than
showing both positive and negative affect in a mood
profile literature suggests that adolescents benefit more
from only positive feedback.35

Limitations and future directions

Even though this preregistered study was one of the first
evaluations of the added value of personalized real-time
feedback module within an innovative gamified mHealth
application for youth, some limitations need to be consid-
ered. First, data collection of our study took place during
the COVID-19 pandemic. This was a period in time in
which mHealth was urgently needed in order to prevent
mental health problems. However, whether these findings
generalize beyond this situation is an open question.
Moreover, generalizability might also be influenced by
the fact that our sample is skewed toward highly educated
female participants, and our study only took place in the
Netherlands. However, the study is delivered in real-world
every day setting, with little to no exclusion criteria.
Therefore our participants might also inform us about the
group of youth that are open for this specific intervention
(e.g. more girls than boys, higher educated). However, it
is also possible that some children or adolescents were
less inclined to register due to inadequate digital literacy,
yet this is a minor concern as the majority of adolescents
in the Netherlands own a mobile device. Furthermore, to
equally compare the two samples, matching participants
based on characteristics would have been better to
provide control for confounding variables. Therefore sensi-
tivity analyses were carried out and revealed similar results
(controlled for sex, age, ethnicity, and education).
Moreover, we cannot completely rule out that the detected
effects are a result of regression to the mean. Even though,
this pre–post test design was only one first step toward
assessing the app’s effectiveness in real-world settings, an
Randomized Controlled Trial is needed to also establish
with scientific rigor what the tools’ efficacy is.

Second, compliance was suboptimal and lower than the
more fundamental research using ESM in which it is
common practice for researchers to regularly contact parti-
cipants when they miss out assessments and to increase
monetary rewards with higher compliance rates.17, 36 In
exit interviews, we learned that low compliance could
have two meanings: it might be a sign of less engagement
or in fact a sign of recovery. Third, we did not ask partici-
pants whether they perceived their feedback as accurate,
which may impact its effectiveness.35 The impact of the
mood profile may be influenced by the compliance rate,
as filling out more ESM questionnaires enhances the accur-
acy and reliability of the mood profile, potentially leading to
increased self-insight.
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Finally, the operationalization of app engagement (ESM
compliance and completed challenges) is very specific for
our app, and it remains unclear whether engagement is of
great importance when it comes to the effectivity of an
mHealth application.37

Conclusions
Even though mHealth may be a promising innovation for
future child and adolescent mental health services, getting
youngsters engaged and motivated is a notorious challenge.
It has been suggested that real-time feedback about user’s
own data of how they are feeling may work as a motiv-
ational factor, keeping them engaged to return to the app
—a hypothesis which did not receive much support here.
In our gamified mHealth tool Grow It!, we co-created ado-
lescent feedback reports, which they could access real-time.
The effectiveness of the app, in terms of improved well-
being, was retained but was still modest. This finding,
that personalized feedback may be a useful component of
mHealth apps, was substantiated by positive feedback
given both by youth and by the health professionals that
we interviewed about the potential for clinical practice.
However, further improvements are needed in order to
meet the full potential of mHealth both for preventing emo-
tional problems and for use within clinical settings.
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