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Abstract
Resilience, a person’s mental ability to deal with challenging situations adaptively, is an important life skill. Supporting stu-
dents in building psychological resilience and coping during crises (with the COVID-19 pandemic being a prime example) is
crucial. Very few mobile applications (apps) for mental health explicitly report behavioral change techniques. Moreover, only
a handful of the apps that support resilience are gamified, or use smartphone sensors readily available in modern smart-
phones for health self-management, or were designed for use by a nonclinical population. This study describes the design of
a prototype for a gamified, theory-based mobile app that utilizes the Internet of Things to provide personalized data and
enhance undergraduate students’ resilience. A total of 74 participants evaluated the prototype and completed an online
questionnaire during the COVID-19 lockdowns. The questionnaire included questions examining the design’s feasibility
for supporting resilience and questions on the System Usability Scale evaluating its usability. Regarding the evaluation of
the prototype on improving psychological resilience, positive responses (M= 3.76 out of 5, SD= 0.82) were received for
all functions (goal setting for studying, socializing and physical exercise, progress monitoring using sensors or self-report-
ing, reflection, motivational badges). The System Usability Scale returned an evaluation score of 72.9, indicating a satisfac-
tory degree of usability. The resilience app is a promising proof of concept. Combining Internet of Things capabilities with
active user interaction while incorporating behavior change techniques in a gamified environment was well accepted by
students. Implications for the design of gamified environments for well-being are drawn. Future research will empirically
validate its design using quasi-experimental methods.
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Introduction
During the COVID-19 pandemic, educational institutions were
shut down worldwide, which impacted over 60% of students
and caused a massive disruption of the education system.1

Studies conducted since the outbreak of the pandemic uncov-
ered a significant elevation of COVID-19-related anxiety
among students in European countries.2–6 The COVID19 pan-
demic is anticipated to result in long-term adverse mental health
effects on the population7; therefore, there is an urgent need to
support students’ psychological resilience. Psychological resili-
ence refers to adapting successfully in the face of stress or
adversity,8 overcoming daily challenges, coping with stress,
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and achieving goals despite obstacles.9 Psychological resilience
is an important life skill that remains highly relevant in the post-
pandemic era.

Pusey et al.10 recently reported that interactive technolo-
gies could deliver effective resilience interventions in an
accessible, cost-effective, and flexible manner. Their
scoping review included several types of interactive tech-
nologies used in resilience interventions, such as serious
video games, virtual reality simulations, social robots, and
commercial off-the-shelf video games. Their scoping
review did not include mobile applications. However,
mobile devices and associated software applications are
fast becoming an integral part of health care, if for no
other reasons than advantages of access, convenience, and
cost.11,12

Mobile applications and medical smartphone apps are
being extensively used in the health domain.13,14 As their
potential usage scenarios in healthcare continue to
expand, there is a concomitant need for open, accessible,
and scalable digital tools, as are smartphone mental health
apps.15 According to a recent systematic review of digital
mental health interventions14 smartphone-based interven-
tions were the second most common technology studied
in articles included in the review, reported in 27.4% (57/
208) of the articles. The focus of mobile health applications
seems to be on health behavior change in physical activ-
ity,16 diet, and drug and alcohol use rather than mental
health.17 According to a review conducted by Milne-Ives
et al.,18 mental health seems to be the topic receiving the
least attention. It is also important to note that most
studies on operational mobile mental health apps address
major mental health issues while prevention and well-being
areas are underdeveloped.19

A literature review revealed several attempts to develop
and validate resilience apps within the last five years; most
efforts target adults belonging to specific professional
groups.7,20–23 For example, some resilience apps targeted
mental health care providers for reducing burnout21 and,
more recently, to support their mental health in the
COVID-19 era.7 Other apps targeted users with significant
depression symptoms23 or targeted military personnel, vet-
erans, and civilian first responders.22 Only two resilience
apps were identified in the literature that targeted youth.
The first one focused on youth who experienced sexual vio-
lence and had adverse childhood experiences8,24 and the
second one focused on student veterans with posttraumatic
stress disorder (PTSD).25,26 The effectiveness of these
resilience apps was promising through small-scale
studies21,24,25 and randomized controlled trials.20,23

Previous research suggests that gamification could
increase engagement with mobile prevention interven-
tions.20 Gamification may have a positive motivational
effect compared with other self-guided interventions.27

Gamification was used extensively for mental health,27–29

for example, in stress management applications.17,30–33

However, only a few studies were found that used gamifica-
tion to improve resilience in a mobile mental health inter-
vention.20,23,34 These studies had positive findings
demonstrating effectiveness but did not address a general
population.

Fleming et al.29 showed that it is feasible to translate
traditional theory-based and evidence-based interventions
into computer gaming formats. However, most mobile
health apps do not have strong theoretical foundations.
Only a slim minority of developed apps are theory-based.
For example, out of 50 unique apps for health behavioral
change tested in the Milne-Ives et al.18 review, only a few
explicitly reported the behavioral change techniques
(BCTs) incorporated into the app. None of the resilience
apps identified in the literature refers to behavioral change
techniques, even though some refer to psychoeducational
components20,34 and emotion regulation.8

In recent years, research interest focused on tools for
objectively measuring activity-related parameters and pro-
moting health-related outcomes.35 The role of the Internet
of Things (IoT) is becoming increasingly important in an
individual’s daily activities. Users have engaged actively
with IoT technology through various end-user devices.
Smartphones can be used in an IoT setup along with differ-
ent application categories, one of which is “Personal IoT”
where we find an increasing number of applications target-
ing health and fitness, and helping to solve everyday pro-
blems for users.36 The information gathered from the
sensors is then used to draw useful conclusions on the
user’s activities and/or surroundings; such conclusions
may lead to providing recommendations to a person (e.g.
a slight change to lifestyle, engagement in physical exer-
cise, etc.). Data that can be passively collected from
sensors embedded in modern smartphones, (such as
native GPS, and accelerometer), allow for new ways to
measure psychological health. For example, data on
changes in daily physical activity collected with smart-
phone GPS and accelerometer technology predict mood
states before phone users themselves report mood
changes.11,37 Adopting IoT technologies for mental health
has been slow38; concerning the use of IoT technology to
provide objectively measured personalized health data to
users, none of the gamified apps on resilience made use
of IoT in general or enabled smartphone sensors in
particular.

Our study aimed to address the current and anticipated
psychological impact of the COVID-19 pandemic on
undergraduate students by designing and developing a
mental health mobile app. A few resilience-building apps
target specific professional groups’ needs.7,20–23 The resili-
ence app described in this study stands out for several
reasons. Prevention interventions have received less atten-
tion, representing an underdeveloped area in mobile
mental health apps.19 Very few mobile applications (apps)
for mental health explicitly report behavioral change
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techniques. Very few of the apps that support resilience are
gamified, use smartphone sensors (IoT), and are designed
for use by a nonclinical population. The proposed preven-
tion intervention app for resilience, named Student Stress
Resilience, addresses these gaps. The study has a dual
aim: (a) to describe the design of the proposed prevention
intervention resilience app and (b) to evaluate its feasibility,
acceptance, and usability based on its targeted future users.

Methodology

Design of the Student Stress Resilience prototype

The Student Stress Resilience app (SSResilience in short)
provides specific and accessible recommendations to tar-
geted users of a nonclinical population, based on IoT tech-
nology, as a prevention intervention. The target users are
undergraduate students of a general population. Their
input was sought in the design phase of the study, which
implemented a participatory design approach3 following
Aryana et al.’s19 recommendations for moving toward
sociotechnical and open design strategies for designing
mobile mental health solutions.

The core co-design team initially consisted of three
members: two undergraduate students and the first author.
The core co-design team identified a selection of relevant
gamification elements, based on a literature review focusing
specifically on the development of smartphone apps for
mental health39 and on interactive technologies to support
emotional resilience.10 These gamification elements
included: system recommendations, the use of smartphone
sensors, the allocation of points, competition and collabor-
ation among users, reflection, and goal setting.

As a second step, the gamification elements to be embed-
ded in a gamified app for resilience were presented to 18
students (extended co-design team) who took a course on
digital games in the fall semester of 2020. These students
participated in a two-hour online, recorded participatory
design session which took place during one of the
course’s regular meetings and was coordinated by the first
author of the study. These 18 students evaluated the feasi-
bility of the idea of a gamified app for resilience by provid-
ing their input individually to avoid the possibility of
influencing each other’s perspectives. They were invited
to provide their suggestions about additional gamification
elements and voice their concerns about the design of the
proposed app by answering two open-ended questions.3

Students’ input was used by the core co-design team for
designing the prototype of the app in AdobeXD. The fol-
lowing student-provided suggestions were implemented in
the prototype of the app: (a) the inclusion of badges, (b)
an anonymous leader board to increase competition
among users, (c) the allocation of bonus points for the com-
pletion or partial completion of goals, (d) including ways to
verify goal completion (through using phone sensors), and

(e) the inclusion of a daily challenge (in the form of one
daily goal) that can be shared. This user-centered design
approach helped to better respond to undergraduates’ self-
identified needs at a time of repeated lockdowns due to
the pandemic. The details of this participatory design
study were recently published.3

Mobile health apps often lack dynamic features that
adapt based on users’ responses.40 The Student Stress
Resilience app will provide personalized recommendations
based on user input, goal setting, and smartphone sensor
data (IoT) to allow real-time engagement. Three goals
were deemed the most relevant during pandemic lock-
downs, as per WHO guidelines for mental health41: focus-
ing on studying to maintain a healthy routine, engaging in
physical exercise, and socializing (Figure 1(a)). Goal
setting and progress monitoring are connected to using
both self-reported data and objectively measured data
through smartphone sensors (accelerometer and sound
sensors). Concerning self-reported data, users can take a
short, validated mental health survey that automatically cal-
culates and interprets their level of anxiety (Figure 1(b)) to
provide personalized recommendations to set and monitor
goals related to studying. The validated mental health
survey that was implemented in the app prototype is the
Generalized Anxiety Disorder screener for the general
population (GAD-7).42,43 For objectively measured data
using phone-based sensors44 Student Stress Resilience
uses the accelerometer for the user to set and monitor
goals related to physical exercise and a sound sensor for
the user to set and monitor goals related to socialization.

The app leverages gamification and intrinsic motivation
to engage users. Users are expected to set one goal to focus
on daily; the goal may refer to either studying, engaging in
physical exercise, or socializing. As Van Roy and Zaman45

suggested, to support the user’s autonomy, a moderate
amount of meaningful options should be provided. These
researchers suggested providing users with at least one
option that is meaningful and complies with their values
while avoiding placing them in a dilemma by offering too
many options.45 Following this gamification heuristic,
which is based on self-determination theory the design
choice of offering one out of three possible goals to users
was made. To support the user’s feelings of competence,
goals are manageable and perceived as feasible to
fulfill.45 Examples of manageable goals refer to at least
30 min of focused work on a specific assignment (for the
goal of studying) or at least 30 min of walking (for the
goal of physical exercise) or interacting with three people
outside of the household in one day (for the goal of
socializing).

Users can monitor their progress in reaching each goal
by employing sensors for objective measurements and self-
reflecting on their performance at the end of the day. They
receive points and badges for completing challenges. To
support users’ relatedness, social interaction is facilitated45
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through the users’ ability to share their progress with other
users. As a first stage what will be shared is a brief text out-
lining the goal that was achieved, for example, “I’ve com-
pleted my physical exercise goal in the SSResilience app.”
Sharing results on social media for joint experiences and
allowing for social pressure is expected to motivate users.46

As shown in Figure 1, in the Student Stress Resilience
app, five out of eight gamification elements, as defined by
Tondello et al.,47 were implemented to increase engage-
ment and acceptability: (1) socialization, including social
comparison, competition, leaderboards, and a connection
with social networks (Figure 1(c)), (2) risk/reward,
through the use of challenges, (3) customization, through
the use of points (Figure 1(c)), (4) progression, through pro-
gress feedback (Figure 1(d)) on each one of three goals that
can be set daily (studying, physical exercise, or socializa-
tion), and (5) incentives, through the use of badges
(Figure 1(d)).

The design of the SSResilience app is theory-based, as
nine behavioral change techniques, as defined by
Milne-Ives et al.,18 were used: (a) action planning, (b) feed-
back on outcomes of behavior, (c) self-monitoring of
behavior through reflection, (d) social support, (e) social
comparison, (f) prompts/cues, (g) achievements, and (h)
incentives.

Mobile health apps often feature dense sections of psy-
choeducational text that are perceived as not useful.40 As
Connolly et al.40 caution: “Mental health researchers are
attempting to squeeze complex behavioral therapies into
patients’ pockets without adapting them to an app
context, and it is often not working.” To overcome this

limitation, the app provides specific, brief, and accessible
recommendations and resources, including psychological
health information from the World Health Organization,
to its users using minimal text. An example of psycho-
logical health tips is the following:

The World Health Organization recommends:

1. Know that it is okay to feel how you are feeling, it is
normal to experience feelings of sadness, frustration, stress.

2. Maintain a routine: start your day at about the same time
each day.

3. Practice good sleep hygiene of 7–9 hours per night.

4. Connect with others by engaging in regular calls with
friends and family.

Student Stress Resilience also offers a validated mental
health survey, as suggested by Golden et al.7 The GAD-7
survey only includes seven statements (Figure 1(b)).
Statements are easy to complete and can be scored automat-
ically. Users can automatically be classified into four cat-
egories based on their score: normal anxiety (score 0–4),
mild anxiety (score 5–9), moderate anxiety (score 10–14),
and severe anxiety (score 15–21).42 Users do not however
receive this classification and their calculated score is not
visible to them. The calculated score is only used so that
the app will automatically provide its interpretation to the

Figure 1. Screenshot of the Student Stress Resilience prototype showing (a) goal setting, (b) self-reported anxiety symptoms for progress
monitoring, (c) leaderboard, points, and ability to share progress on social networks, and (d) progress feedback and badges.
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user. Users only receive an interpretation of their score (e.g.
“You may be experiencing some anxiety at the moment.
Try a breathing exercise to relax before you study” in
case their score indicates “moderate” or “severe” anxiety
OR “You have a low level of anxiety which wouldn’t inter-
fere with your studying. Keep it up!” in case their scores
indicate “normal” or “mild” anxiety).

The app also offers other more generic features as it gen-
erates reminders at a time chosen by the user to engage, and
logs past app use. Overall, it provides a simple and intuitive
interface that facilitates interactions, as suggested by
Bakker et al.39

Research questions

The study examined the Student Stress Resilience prototype
app’s feasibility, acceptance, and usability. The first two
criteria for psychological health app quality suggested by
Bush et al.11 were used to evaluate the prototype.
Specifically, (a) the user experience has been sought and
tested during the design and development phase of the
app with participants representative of the target audience3

and (b) the app has been pilot tested in the target environ-
ment with the target audience to examine feasibility and
acceptance.

The two research questions of the study were:

- RQ1: How do students evaluate the feasibility and accept-
ance of the Student Stress Resilience prototype?
- RQ2: How do students evaluate the usability of the
Student Stress Resilience prototype?

Participants, data collection, and ethical issues

Participants were recruited from the authors’ social and
professional networks, and they were asked to voluntar-
ily participate in the study if they satisfied two criteria:
(a) they were adults (older than 18 years old) and (b)
they had an undergraduate student status. Twenty
undergraduate students were invited to participate as
part of a class taught by the first author (convenience
sampling). The response rate was 100% in the sense
that all students who attended the class participated in
the study. A total of 60 participants were individually
invited by the second author (convenience sampling)
who had a student status at the time and contacted his
peers who were attending either his university or one
of four different universities at the time the research
study took place. University affiliation was established
because the second author knew the participating stu-
dents personally. Out of these 60 students, 54
responded positively. Therefore, the response rate for
the second author was 90%.

In the first stage of the study, students were informed in
writing about the study’s objective. The study was con-
ducted according to the World Medical Association
Declaration of Helsinki. The study followed American
Psychological Association (APA) ethical standards and
General Data Protection Regulation (EU) 2016/679
(GDPR) guidelines, and its protocol is in accordance with
the University Ethics Committee and with the country’s
National Bioethics Committee (Approval number: EEBK
EΠ 2021.01.218). It meets ethical guidelines, including

Table 1. Feasibility and acceptance of 10 characteristics of app functionality for supporting resilience.

Theory-based, gamified app components App functionality M SD NPA (%, n)*

Goal setting Studying 3.88 0.98 66.2% (49/74)

Exercising 3.92 0.90 71.6% (53/74)

Socializing 3.72 1.07 62.2% (46/74)

Progress monitoring (IoT) Accelerometer 3.70 1.04 61.1% (46/74)

Sound sensor 3.34 1.11 41.9% (31/74)

Progress monitoring (self-reported) Anxiety test 3.89 1.02 68.9% (51/74)

Reflection 3.99 1.07 70.2% (52/74)

Achievements/incentives Badges 3.81 1.11 63.5% (47/74)

Social support Share progress 3.54 1.18 51.3% (38/74)

Leaderboard 3.47 1.09 48.7% (36/74)

*NPA: Net Percent Agreement (composite score of 4= “very useful” and 5= “extremely useful”).
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adherence to the legal requirements of the country where
the study was conducted. Participants provided their
consent online by selecting boxes indicating that they are
adults (older than 18 years old), understand the study’s
objective, and voluntarily provide anonymous data. At the
second stage of the study, participants were asked to
follow a link that led them to a working prototype of
Student Stress Resilience demonstrating its basic function-
ality. Participants could interact with it for as long as they
wanted. At the third stage of the study, participants were
asked to complete an evaluation questionnaire. The data
collection period was between 31 March and 20 April
2021. It was conducted online as social distance measures
were imposed on the country due to the COVID-19
pandemic.

Data sources

The questionnaire consisted of a total of 29 questions. Ten
of these questions were related to the feasibility and accept-
ance of the application’s design (RQ1), and another 10 were
related to its usability evaluation (RQ2). For evaluating
feasibility and acceptance an instrument was developed
specifically for the needs of this study and it was not vali-
dated. For evaluating usability, a highly robust instrument
was used (System Usability Scale).48

The remaining questions were basic demographic ques-
tions examining age, gender, previous use of health apps,
and frequency of use of health apps. Lastly, a question
was included that indicated participants’ interest in trying
the application when it would be fully developed.

Feasibility and acceptance were evaluated by asking
participants to indicate how useful each specific function
of the app would be for supporting resilience. The follow-
ing question was used: “To what extent do you think the
following design functions of the app are useful for sup-
porting resilience during the COVID19 pandemic?
Resilience is our ability to manage challenges (e.g.,
social distancing measures/lockdowns) adaptively.”
Participants were asked to evaluate the usefulness of 10
app functions that are shown in Table 1 (in the second
column “App functionality”), using a 5-point Likert
scale ranging (1= not at all useful, 2= slightly useful, 3
= somewhat useful, 4= very useful, 5= extremely
useful) after testing the app to familiarize themselves
with each demonstrated functionality.

The usability evaluation was conducted using the
System Usability Scale (SUS),48 a methodology frequently
used to evaluate medical apps.49 SUS was chosen because
(a) it is a highly robust and versatile tool for usability pro-
fessionals,50 and (b) it allows the comparison of similar
systems. The scale included the following 10 items, with
responses graded by a 5-point Likert scale ranging from
completely disagree to completely agree (Figure 2).

Data analysis

To analyze the first research question (RQ1), which focused
on feasibility and acceptance, descriptive statistics (fre-
quencies, percentages, Mean, SD) were run for all 10 app
functions (see Table 1, column “App functions”) separately
and using a composite score. A Net Percent Agreement
(NPA) was calculated, which consisted of the composite
score of participants’ answers of 4= very useful and 5=
extremely useful.

For the analysis of the second research question (RQ2),
which focused on usability, the procedure for calculating
usability evaluation scores proposed by the author of the
instrument SUS was followed.48 Specifically, for odd-
numbered items, one was subtracted from the user response.
For even-numbered items, the user responses were sub-
tracted from 5. This scaled all values from 0 to 4 (with
four being the most positive response). The converted
responses for each user were added up, and the total was
multiplied by 2.5. This converted the range of possible
values from 0 to 100 instead of 0 to 40. An average SUS
score was calculated for all participants. The SUS score
was then converted into a percentile rank and a letter
grade from A to F, according to the norms proposed by
Sauro.51

Results

Demographic data

A total of 74 adult participants (44 male and 30 female)
with an average age of 22 years old (M= 21.86, SD=
1.78, min= 18, max= 24) tested and then evaluated
Student Stress Resilience online due to social distance mea-
sures and university closures imposed due to the
COVID-19 pandemic. Participants came from five different
universities with the majority of them coming from the uni-
versity of the authors. Most of the participants (58.1%, 43/
74) were users of similar applications for health in the past,
while less than half of the participants (45.9%, 34/74) were
current users of a health app. The majority of current users
of such applications (56.4%, 22/34) did not use them often.
Approximately one in four participants (28.2%, 11/39) used
a health app once or twice per month, and the same percent-
age of participants (28.2%, 11/39) reported that they used
their health app rarely. Only 36% of participants (35.9%,
14/39) used their health app daily or almost daily.

RQ1 feasibility and acceptance of the Student Stress
Resilience prototype

Regarding the evaluation of Student Stress Resilience in
terms of its feasibility for psychological resilience, positive
responses (approximating four out of five, on average) were
received for the perceived usefulness of all functions
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(Table 1), while the composite evaluation score of all func-
tionality examined was M= 3.76 (SD= 0.82). The highest
score was reported for progress monitoring based on self-
reported measures, specifically the functionality that refers
to self-reflecting at the end of the day (M= 3.99, SD=
1.07) to accumulate points based on desired behavior and
actions. The self-administered anxiety test was also evalu-
ated with a high score (M= 3.89, SD= 1.02). This can
also be observed using the NPA score, where we see that
approximately 70% of participants found self-reported pro-
gress monitoring as very useful or extremely useful.

The lowest score was reported for the use of IoT as an
objective way to measure and monitor progress, specifically
the functionality that refers to the use of a sound sensor (M
= 3.34, SD= 1.11) as a proposed way to measure surround-
ing sound and subsequently receive points concerning
achieving the goal of socializing with other people. This
finding may indicate participants’ potential lack of familiar-
ity with or lack of interest in using sensor-based data for
health purposes, even though the use of an accelerometer
was seen more positively (M= 3.70, SD= 1.04) compared
to the use of a sound-sensor. This may be attributed to
the value that students place on the goal of increasing
their physical exercise, which was evaluated with the
second-highest score in reference to descriptive statistics
(M= 3.92, SD= 0.90) and the highest score (71.6%, 53/
74) in reference to NPA.

The vast majority of participants (93.2%, 69/74) stated
that they would be interested in trying the application
when it is completed, a finding that shows high acceptabil-
ity. A statistically significant, moderate positive correlation
(Pearson’s r= 0.434, p= 0.00) was found between the
overall evaluation of the application’s functions and partici-
pants’ interest to try out the app once it is fully developed.
This indicates that the higher the students’ feasibility evalu-
ation of the SSResilience prototype, the higher their interest
in trying out the fully functional app.

A statistically significant positive correlation was also
found between the overall feasibility evaluation of
Student Stress Resilience and participants’ age. A statistic-
ally significant, positive, moderate relationship (Pearson’s r
= 0.28, p= 0.016) was found between participants’ age
(M= 21.86, SD= 1.78) and their evaluation of the applica-
tion’s functions (M= 3.76, SD= 0.82). This indicates that
older students who were potentially more mature and
more experienced in overcoming university life challenges
were more inclined to appreciate the potential value of a
gamified application for resilience.

Additional analyses were run to examine trends with
respect to potential in-group comparisons concerning
gender and whether participants were current users of health
apps. Concerning gender comparisons, there were no significant
differences with respect to the feasibility evaluation of Student
Stress Resilience (t72=−0.75, p>0.05) when an independent
samples t-test was run to compare the mean of male students
(M=3.70, SD=0.87) to the mean of female students (M=
3.84, SD=0.76). Using the same analysis, no significant differ-
ences (t72=0.88, p=0.38) were identified between the feasibil-
ity evaluation means of current users of health apps (M=3.86,
SD=0.79) and non-users of health apps (M=3.69, SD=0.85).

RQ2 usability evaluation of the Student Stress
Resilience prototype

The SUS was utilized to evaluate the application’s usability.
To provide an answer to RQ2, the average scores of the
SUS scale provided by 74 students were calculated. The
app received a satisfactory usability score. The raw
average SUS score was 72.9, which is in the 70% percentile
rank, corresponding to the category “B” of the scale, a result
that shows a satisfactory degree of usability.

Figure 3 shows how the percentile ranks (y-axis) are
associated with SUS scores (x-axis) and letter grades.50 This

Figure 2. System usability scale (SUS) for the student stress resilience prototype.
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process is similar to “grading on a curve” based on the distri-
bution of all scores; for example, a raw SUS score of 74 con-
verts to a percentile rank of 70%. A SUS score of 74 has
higher perceived usability than 70% of all products tested.50

Females evaluated the usability of the app (M= 77.58,
SD= 12.50) significantly higher (t72=−2.19, p= 0.032)
compared to males (M= 69.66, SD= 16.91). No significant
differences were found (t72= 1.73, p= 0.088) between the
way usability was evaluated by current users of health
apps (M= 76.25, SD= 15.72) and non-users of health
apps (M= 70.00, SD= 15.23) even though current users
evaluated the app higher compared to non-users.

Discussion
This study described the design of Student Stress
Resilience, the prototype for a gamified, theory-based,
mental health mobile application to support undergraduate
students’ resilience in a post-pandemic future. With under-
graduates feeling the pandemic stress,2,3,6 it makes sense to
offer them resources close to home and relevant to their
lives and studies. Previous mental health app research high-
lighted the need for app personalization and customiza-
tion.61 Common barriers that affect user engagement with
regard to a user’s uptake and sustained interactions with
digital mental health interventions include a lack of person-
alization.14 Kenny et al.12 also agreed with the need for tele-
mental health interventions to be tailored and personalized
to target specific types of users. The Student Stress Resilience
app attempted to overcome these barriers14 and address this
need.12 It stands out in that it provides specific, accessible,
and personalized recommendations to undergraduate students
by integrating data collected by smartphone sensors (acceler-
ometer and sound sensor) and user-provided data that comes
from a validated mental health survey7,42 and is interpreted
for them in simple terms.

Previous research suggests that gamification, turning
intervention content into a game format, is effective in
increasing user intention to use mHealth apps,52 especially
in the healthy and younger groups.53 Mobile apps using
gamification can be a valuable and effective platform for
well-being and mental health interventions and may
enhance motivation and reduce attrition.20 Framed as
games, apps become potentially powerful tools to
promote well-being.23 Gamified smartphone-based self-
help programs and prevention and early-stage mobile inter-
ventions for supporting resilience have shown to be effect-
ive and engaging for mental health at least for the resilience
of significantly depressed individuals23 of men34 and of
young professionals.20 The SSResilience app stands out
due to its targeted nature, in that it is a gamified mobile pre-
vention intervention addressed to and designed for use by a
nonclinical undergraduate student population.

Nowadays, different sensors and IoT devices can readily
be used to passively collect various health data—including

physical activity, social interaction, sleep, and mobility pat-
terns—and make inferences about mental and physical
health.18,54 The potential of using IoT in the context of
mental health applications has been hardly harnessed.38

The IoT promises many benefits to streamlining and enhan-
cing health care delivery to proactively predict health
issues.55 As Kelly et al.55 noted, IoT can improve the acces-
sibility of preventative public health services but this is still
in theory. The smartphone is considered to be at the heart of
a growing universe of connected devices and sensors.36 In
this study, the focus was on smartphones which have
impressive sensing and processing capabilities that make
them an ideal tool for collecting data. This study attempted
to take advantage of IoT capabilities that are easily access-
ible by utilizing smartphone-based sensors in a prevention
intervention for a mental health issue.

Mobile applications using smartphone sensors to
provide personalized data have been connected with behav-
ioral change, but there is insufficient empirical evidence to
verify this connection. The Milne-Ives et al.18 review found
little evidence of changed behavior or health outcomes due
to the use of mobile health apps. As Abedtash and Holden35

put it, it seems that “devices alone or with minimal behav-
ioral change support are insufficient to change
health-related outcomes.” This further reinforces the
importance of designing evidence-based apps with strong
theoretical foundations to examine their impact on adopting
and maintaining healthy behaviors. As Hoffmann et al.30

noted, app designers do not exploit the potential of combin-
ing gamification techniques with behavior change theory.
The proposed resilience app combines gamification techni-
ques with behavior change theory and IoT functionality and
addresses gaps identified in the literature.

The study attempted to examine the feasibility and
acceptability of the Student Stress Resilience prototype.
The composite feasibility evaluation score of all functional-
ity examined (M= 3.76, SD= 0.81) is relatively positive
considering the fact that health app use was not very
popular among the sample of undergraduate students, as
less than half of them were current users of health apps,
and of those, the majority did not use them daily. Specific
functionality allowing progress monitoring using self-
reported measures (such as reflection at the end of the day
and self-reported anxiety) was seen more positively than
the objective measurement of user activity using IoT
sensors (sound sensor and accelerometer). As only quanti-
tative data were collected in this study there are no data
on the participants’ motivation behind these ratings. Some
hypotheses can be made based on the literature. A lower
preference for objective measurements made possible
through IoT could perhaps be attributed to users’ percep-
tions of viewing health apps’ influence as paternalistic,46

which is a hypothesis expressed in the literature but not
yet confirmed by empirical studies. It may also relate to
users’ social resistance to IoT technologies, which are not
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yet mainstream,56 or to users’ hesitancy to provide access to
their personal data.3 Although the sound sensor has been
less accepted than other features, it will be maintained in
the next version of Student Stress Resilience to assess
better whether it can positively impact usage, as its ability
to measure ambient noise represents a unique feature not
encountered in resilience apps.

Some studies on mental health apps indicate that smart-
phone devices are a promising self-management tool for
mental health, specifically for reducing symptoms of
depression57,58 and anxiety.59 Other studies argue that
there remains debate around whether these apps have
demonstrated high efficacy60 and that their effectiveness
and potential for sustained use remain uncertain.40

Developing and evaluating a functional resilience app will
shed light on this debate.

Some implications for the design of gamified environ-
ments for health can be drawn from this study. The user
experience has to be sought and evaluated during the
design and development phase of gamified apps with parti-
cipants representative of the target audience, as shown by
Nicolaidou et al.3 Prototypes of gamified apps that may
not be fully functional have to be pilot tested in their tar-
geted environment with their targeted audience to
examine feasibility and acceptance of the idea before
engaging in full development. This may significantly
impact financial investments and reduce the cost of devel-
oping features that the targeted audience may not need or

value. Integrating IoT technology in gamified apps for
health seems to be a promising approach as it may
provide data that can be valuable for several stakeholders,
including (a) the users themselves, as they can receive per-
sonalized recommendations based on their data and chan-
ging trends over time, (b) app developers, as they can
potentially use these data for app improvement, and (c)
researchers, as they can use these data to understand
better which behavior change techniques may positively
impact user behavior more effectively and efficiently.

Limitations
The study had several limitations. The study did not include
testing with a functional app, its sample was small and it
was reached using convenience sampling rather than
random sampling. The instrument that was used for evalu-
ating the app’s feasibility and acceptance was developed
specifically for the needs of this study and it was not vali-
dated. Participants were self-selected, and only quantitative
data were collected to evaluate the prototype’s feasibility,
acceptance, and usability. These limitations are expected
to be addressed in future work.

Future work
Given the study’s small sample size with self-selected par-
ticipants and no testing with a functional app, further

Figure 3. The raw average system usability scale (SUS) score of the Student Stress Resilience prototype, based on a sample of 74
participants.

Nicolaidou et al. 9



investigations can focus on developing a fully functional
app followed by a randomized controlled trial. As the evi-
dence base is still uncertain regarding the effectiveness
and usability of mobile health apps,40 our future studies
will involve users in interacting with the app to evaluate
its efficacy. As the overwhelming majority of participants
in this study expressed an interest in trying out a functional
app, a larger group of interested participants is expected to
participate in future studies. Participating students can be
divided into experimental and control groups to investigate
how their resilience scores change, measured with a vali-
dated resilience scale (e.g. CD-RISC)9 when they use the
Student Stress Resilience alpha app (experimental) and no
app (control) for the same amount of time (∼3 months).
In this way, Student Stress Resilience is expected to
address the urgent need for engaging, appealing, and effect-
ive mental health interventions which reach large numbers
of people, as suggested by Fleming et al.29

Findings from trials and user reviews of some commer-
cially available programs suggest that applied gaming
approaches can be engaging; however, many analyses do
not report engagement or ongoing use.29 Findings of
Connolly’s et al.40 narrative review that aimed at under-
standing factors influencing sustained use of mental
health apps suggest that for apps to be successful, they
must be advantageous over alternative tools, relatively
easy to navigate, and aligned with users’ needs, skills,
and resources. The proposed Student Stress Resilience
app has some unique features that make it stand out.
Future research will measure its efficacy, scalability, and
sustainability, or potential for sustainable use, in real-life
conditions.

Conclusion
Student Stress Resilience is a promising proof of concept
for those who wish to build a mobile health app to
support their employees, communities, or others in man-
aging and improving mental well-being. It is a novel tool
aiming to broadly offer mental health support, which
shows potential for scalability for the larger student non-
clinical population. The proposed app may be used either
by students struggling in a post-pandemic era or by self-
motivated individuals looking to find creative ways to
maintain and improve healthy balanced lifestyle habits.
The latter includes a healthy balance between responding
to university studying responsibilities, engaging in physical
exercise, and maintaining social interactions, among other
activities.
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