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Abstract

Stress management and well-being are increasingly recognized as important due to their documented impact on students’
physical and mental health. Traditional mental health support services often face challenges of accessibility, stigma and
limited capacity, highlighting the need for innovative interventions. This study aimed to explore the preliminary effects
of a smartphone-based intervention designed to reduce stress and promote well-being in university students through exer-
cises based on positive psychology, mindfulness and self-compassion. In addition to evaluating its efficacy, the study also
explores user engagement and perceived usability. We developed a controlled randomised trial; 98 students were randomly
allocated to intervention (n=46) and control (n=52) groups. Both groups completed two self-report questionnaires, one
before (T0) and one after (T1) the intervention. The intervention group used the app over a three-week period. The inter-
vention did not lead to a significant reduction in perceived stress; however, small-to-moderate effects were found for other
outcomes. In particular, the intervention appeared to prevent a deterioration and modestly improve psychological capital
dimensions related to hope and resilience (e.g., n,> = 0.095 for hope; n,> = 0.044 for resilience). Psychosomatic malaise
also decreased in the intervention group (n,? = 0.040), with an interaction effect close to significance (p=.051), but not
supported by post hoc comparisons. Life satisfaction improved significantly over time in the intervention group (n,> =
0.052). User feedback indicated good usability and moderate engagement, although suggestions were made to improve
the interactivity, customisation and content diversity of the app. These findings offer preliminary insights into the potential
of mobile health (mHealth) interventions to support students’ mental health by addressing barriers such as stigma and
accessibility. However, given the exploratory nature of this study and its methodological limitations, further research is
necessary to determine the actual effectiveness and applicability of such tools in broader and more rigorous contexts.
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Introduction has been an increase in symptoms of anxiety and depres-

sion, which has led to greater institutional recognition of

In recent years, the mental health of university students has
received increasing attention (Lister et al., 2023), partly
because mental health issues among this group represent a
significant and widespread public health concern (Barkham
et al., 2019). As Lister et al. (2023) have highlighted, there
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the problem by universities and health systems. Students’
psychological well-being affects not only their personal and
academic success, but also represents an important factor
in the development of society as a whole. Mentally healthy
students are indeed more likely to contribute positively
to economic, social, and cultural life (Liu et al., 2022).
Although university students may not face the same adver-
sities as some of their non-student peers, the transition from
adolescence to adulthood, combined with academic pres-
sures and lifestyle changes, exposes them to a specific risk
of psychological distress (Ferrari et al., 2022). In light of
these considerations, the relevance of research related to the
importance of developing interventions specifically aimed
at university students becomes evident. In this context,
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mobile apps play a vital role, as their features enable prac-
titioners to efficiently reach a broad audience, particularly
young individuals, while ensuring user anonymity. More-
over, numerous studies have demonstrated the effective-
ness of app-based mobile interventions in reducing stress
levels and enhancing well-being (Da et al., 2020). However,
despite growing interest in digital interventions, few RCTs
have specifically evaluated short-form, stress-focused apps
tailored for university students (Ferrari et al., 2022; Laure et
al., 2024). Therefore, the main aim of this study is to evalu-
ate the preliminary efficacy of WellBe!, a brief, self-guided
smartphone application grounded in evidence-based prac-
tices—namely positive psychology, mindfulness, and self-
compassion—in reducing perceived stress and improving
psychological well-being among university students. Fur-
thermore, the study aims to evaluate the app’s acceptability
and user experience, both of which are crucial factors for
ensuring successful implementation in real-world settings.

The Importance of Stress Management and Mental
Health in University Contexts

The period of postsecondary education is crucial for stu-
dents as they transition from late adolescence to early
adulthood (Morton et al., 2014): this transition represents a
critical period during which young people are at increased
risk of developing psychological problems. Approximately
62.5% of individuals with major psychiatric disorders expe-
rience onset before the age of 25, with the majority of cases
beginning in adolescence, around the age of 14.5 on average
(Solmi et al., 2022). Although most mental health conditions
first appear in adolescence, the challenges of postsecondary
education can exacerbate these difficulties and hinder cop-
ing mechanisms. Findings from the World Mental Health
Surveys—International College Student Project conducted
by the World Health Organization indicate that between
20% and 31% of university students meet the criteria for a
diagnosable mental disorder (Auerbach et al., 2018). Due to
the high prevalence of mental health issues among students,
targeted stress management interventions have become
increasingly relevant. Specifically, stress management inter-
ventions aim to increase awareness of the causes and con-
sequences of stress, develop adaptive coping styles, reduce
potentially dangerous factors, and strengthen personal pro-
tective factors and levels of resilience (Balducci, 2015).
Within stress management interventions, there is a growing
interest in practical methods to reduce stress and improve
well-being through paths consistent with positive psychol-
ogy, self-compassion, and mindfulness techniques which
aim to increase positive feelings, behaviours, thoughts, and
awareness (Baer et al., 2016; Carr et al., 2021). University
counseling services are a valuable resource for supporting
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the mental health and well-being of university students,
yet they are not always able to meet the demand (Ponzo
et al., 2020). Although universities may offer counseling
services, students must still engage in help-seeking behav-
iours to access these services, and they may hold stigmatiz-
ing attitudes towards professional help. Among the barriers
to utilizing such services, the literature highlights a lack
of time, privacy concerns, stigma, financial constraints, a
lack of perceived need for formal help, and a preference for
self-management (Ponzo et al., 2020). The COVID-19 pan-
demic also brought significant changes in the provision of
mental health care, as many non-essential health services
were forced to shut down. However, in many cases, efforts
were made to mitigate this disruption through services that
employed digital technologies (WHO, 2022).

Digital Interventions and their Potential for
Reducing Stress and Improving well-being

Considering the numerous barriers reported with traditional
approaches and the growing influence of technology in vari-
ous aspects of daily life in the twenty-first century (How-
ells et al., 2016), in these years we have also assisted in a
paradigm shift from traditional, predominantly face-to-face
interventions to interventions mediated by technology. Dig-
ital interventions to address well-being have developed rap-
idly and have been considered an innovation that promises
better access, acceptance, and greater convenience than tra-
ditional face-to-face interventions (Lattie et al., 2019). The
transition described above has given rise to a new domain
known as mHealth. The World Health Organization defines
mHealth as “medical and public health practice supported
by mobile devices, such as mobile phones, patient monitor-
ing devices, personal digital assistants (PDAs), and other
wireless devices” (World Health Organization, 2011, p.
6). Such practices are promising tools for promoting well-
being since they are accessible to everyone, anytime and
anywhere. These tools can help overcome barriers such as
stigma, time constraints and unfamiliarity with the health
care system, while encouraging positive health behaviour
change (Oskari et al., 2021; WHO Executive Board, 2018).
Emerging studies have investigated the effectiveness of
smartphone-based interventions in improving mental health
outcomes (Valentine et al., 2025). Generally speaking, pre-
vious research gives hope for the future of these apps, high-
lighting improvements in awareness and self-compassion,
reduction in perceived stress and anxiety, improvement in
mood, as well as in general health, increase in well-being,
and development in skills coping (Schulte-Frankenfeld et
al., 2022; Ponzo et al., 2020; Kajitani et al., 2020). Finally,
smartphone-based interventions may be particularly suit-
able for university students as research indicates that the
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preference for self-help via the internet is higher among
young people (Batterham et al., 2017).

User Engagement and Usability

Other important issues to consider when developing smart-
phone-based interventions are user engagement and usabil-
ity. User engagement is the quality of the user’s experience
characterized by the depth of their investment when inter-
acting with a digital system (O’ Brien et al., 2018), while
usability refers to the “extent to which a product can be used
by specified users to achieve specified goals with effective-
ness, efficiency and satisfaction in a specified context of
use” (International Organization for Standardization, 1998).
The assessment of usability aims to understand how easy
an application is to use and is an essential part of system
development; in recent years, the focus of usability evalu-
ation has expanded from usability engineering to a broader
assessment of the user experience, including emotions, val-
ues, and motivations (Inal et al., 2020). Both these aspects
have been identified as key factors influencing the success
of using a smartphone application (Lemon et al., 2020).
Indeed, a satisfying experience is crucial for maintaining
user motivation over time, especially in m-Health applica-
tions (Eaton et al., 2024). Furthermore, some studies report
that users who are more engaged in app-based interventions
are more likely to experience health improvements com-
pared to their less engaged counterparts (Bidargaddi et al.,
2018). Despite this, both these aspects are under-researched
(Lemon et al., 2020).

Objectives and Hypotheses

Given the rising prevalence of mental health challenges such
as stress, anxiety, and depression, especially among students
and professionals, there is a growing need for scalable inter-
ventions. As stated before, mobile health (mHealth) apps
represent a viable solution (Lahtinen et al., 2023; Demirel
et al., 2024). Indeed, growing evidence highlights both the
benefits and limitations of digital interventions in promot-
ing mental health. Specifically, evidence from Demirel et
al. (2024) showed that app use can significantly improve
coping self-efficacy and reduce burnout symptoms. Simi-
larly, Lappalainen et al. (2024) found that even brief online
interventions can improve life satisfaction, particularly in
individuals with initially low well-being. In line with these
findings, Lahtinen and colleagues (2023) found that a mind-
fulness app led to small yet significant reductions in stress
and depression in a university population. Taken together,
these studies suggest that app interventions can play a role
in alleviating stress and emotional difficulties, potentially
reducing psychosomatic malaise (Demirel et al., 2024).

Although several digital applications for mental health sup-
port are now available (e.g. Calm, Wildflowers, Headspace,
Smiling Mind), the empirical evidence supporting their effi-
cacy among university students remains limited (Choudhury
et al., 2023). Moreover, their effectiveness is still uncertain
and poorly documented in peer-reviewed literature (Herold
et al., 2024). Indeed, most studies tend to focus on web-
based interventions or clinical protocols, while randomized
controlled trials evaluating brief, self-guided, and resource-
enhancing app-based interventions remain scarce (Ferrari et
al., 2022). This gap underscores the need for further research
specifically targeted to the university population.

To address this gap, we developed and tested WellBe!, a
brief, self-guided smartphone application grounded in evi-
dence-based practices, namely positive psychology, mind-
fulness, and self-compassion, designed to manage stress and
promote psychological well-being among university students.
WellBe! aims to fill a gap in digital mental health support by
offering a low-effort, scalable intervention specifically tai-
lored to the needs and context of university students.

Starting from these considerations, the following hypoth-
eses were developed:

Hypothesis 1 (H1). Participants using WellBe! will show a
greater reduction in perceived stress over time than those in
the control group.

Hypothesis 2 (H2). Participants using WellBe! will show a
greater increase in psychological capital and its subscales—
optimism (H2a), hope (H2b), resilience (H2c), and self-
efficacy (H2d)—over time than those in the control group.

Hypothesis 3 (H3). Participants using WellBe! will show a
greater increase in life satisfaction over time than those in
the control group.

Hypothesis 4 (H4). Participants using WellBe! will show a
greater reduction in psychosomatic malaise over time than
those in the control group.

Despite the relevance of evaluating its effectiveness, plan-
ning and evaluating a digital intervention cannot ignore
Usability and engagement are central to the efficacy of any
digital intervention; studies by Kowalski and colleagues
(2024) and Magbool and Herold (2024) highlight the impor-
tance of user experience and engagement in sustaining app-
based behavioural changes. Therefore, the second aim of the
study was to explore participants’ perceptions of the Wellbe!
app. Specifically, we formulated two exploratory objectives
regarding the user experience:

Objective 1 (O1): To explore whether WellBe! is posi-
tively evaluated in terms of usability.
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Objective 2 (02): To explore whether WellBe! is posi-
tively evaluated in terms of user engagement.

Materials and methods
Research Design

A randomised controlled trial consisting of two conditions,
an intervention group and a waitlist control group, has been
conducted to test the hypotheses. In the intervention group,
participants received a three-week mobile app intervention,
and they were asked to complete pre- and post-intervention
questionnaires (TO and T1). In contrast, participants in the
waitlist control condition were just asked to complete the
two questionnaires at TO and T1.

Procedure
Participant recruitment began in February 2023 and finished

in November 2023. All participants in both the intervention
and control groups completed the study during class periods

and outside exam periods. This ensured that exposure to
academic stressors was relatively consistent across partici-
pants and conditions.

Participants were eligible if they were enrolled in any
degree program officially recognized by the Italian univer-
sity system, regardless of faculty or discipline. An additional
inclusion criterion was the possession of an Android smart-
phone, as WellBe! was developed exclusively for the Android
operating system and was not yet available for iOS devices
at the time of the study. University students were invited
to participate in the research via posts published on social
media platforms (e.g. Instagram, Facebook, and WhatsApp).
Interested students were asked to leave their email address
via a Google Form so they could be contacted with more
information about the project. A representation of the partici-
pation flowchart is presented in Fig. 1. Those who provided
a valid email address (N=194) were subsequently contacted
by the research team. Participants received a detailed infor-
mation sheet outlining the study objectives, procedures, data
protection policies and their rights. They were only allowed
to access the TO questionnaire after reading this informa-
tion and providing informed consent to participate and to

Fig. 1 Study participation
flowchart

Participants screened
for eligibility

(n=194)
Excluded (n=62):
.| no consent. no Android
smartphone, no
I university students
A
Participants
randomized
(n=132)

Participants allocated to
Control Group (CG)
(n=61)

A4

Drop in CG
(n=9)

A 4

Total sample included
in CG
(n=52)

Participants allocated to
Intervention Group (IG)
(n=71)

A 4

Drop 1n IG
(n=25)

A4

Total sample included
in IG
(n=46)

Total sample
included in analysis

(n=98)
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the processing of their data. Therefore, informed consent
was obtained from all individual participants included in
the study. To complete the TO questionnaire, participants
were asked to create their alphanumeric identification code
to guarantee anonymity. A total of 132 valid questionnaires
were returned (response rate=68%) and used for randomiza-
tion. This was conducted using the random number genera-
tor function in SPSS, to ensure that each participant had an
equal and unbiased chance of being assigned to either the
intervention or control group. Participants discovered their
group assignment by entering their alphanumeric ID into
the Qualtrics platform. Those assigned to the intervention
group could then download the WellBe! app via the link that
appeared after entering their ID. Participants assigned to the
intervention group were asked to participate in a 3-week
smartphone-based intervention in which they had to use the
WellBe! app. The intervention consisted of a series of exer-
cises, to be carried out from Monday to Friday, aimed at
promoting participant’s personal resources that are useful for
managing stress and improving level of well-being. Access
to the app occurred using the identification code created
when filling out the first questionnaire (T0). After logging
in, and choosing a nickname and avatar, participants should
assess their well-being through a quick questionnaire, which
was offered every day and allowed participants to monitor
their daily state of well-being. Every day, from Monday to
Friday, a different exercise was proposed for fifteen days. It
was possible to perform only one exercise per day and only
the exercise scheduled for that day. The exercises presented
were short and easy to do. At the end of the intervention (T1),
all participants, both in the intervention and control groups,
were asked to complete a second questionnaire (T1). The
total number of valid questionnaires included in the analy-
sis was 98 (46 participants in the intervention group and 52
participants in the control group). There were no rewards
or incentives for participation in the study; this allowed no
interference in investigating user engagement in the pro-
longed use of the app. This study was conducted in accor-
dance with the principles of the Declaration of Helsinki and
the Convention on Human Rights and Biomedicine (Oviedo
Convention). Moreover, it was considered minimal-risk (as
defined by the National Research Council of the Academies
of Science) and, as such, was positively assessed by the local
commission of the Psychology Department of the University
of Milano-Bicocca for minimal-risk studies (RM-2021-434).
The data that support the findings of this study are available
from the authors upon reasonable request.

Participants

Overall, 98 participants (74%; intervention: n=46; control:
n=52) completed both the pre (T0) and the post-test (T1)

assessments, and their results were included in the analysis.
Participants’ age ranged from 18 to 32. No extreme outli-
ers were detected, and age was evenly distributed across
groups (Mean age=22.9, SD=3.05; intervention: M=22.9,
SD=2.33; control: M=22.9, SD=3.59). Of them, 80% were
female (intervention: n=37; control: n=41), and only 19%
were male (intervention: n=9, control: n=11). 42% of the
students attended bachelor’s (n=41; intervention: n=19;
control: n=22) while 58% attended master’s (n=57; inter-
vention n=27; control n=30) degrees. Moreover, only 19%
of the participants (n=19; intervention n=_8; control n=11)
declared that they had already used a smartphone app to
manage stress or promote well-being. A Chi-square and t-test
analysis was run to exclude differences between students
who completed all the surveys and those who dropped out
after the baseline. Results indicated that there were no dif-
ferences based on gender (¥2 (N=132)=1.06, p=.588) and
age (t(96) = —0.046, p=.964), while we found a significant
difference based on degree attended (32 (N=132)=10.1,
p=.001). T-test analysis on constructs of interest (perceived
stress, psychosomatic malaise, psychological capital, and
life satisfaction) showed no statistically significant differ-
ences between those who completed all the surveys and
those who dropped out after the baseline.

Smartphone Application

WellBe! is a smartphone application developed for Android
devices by Bicapp, the mobile and wearable technol-
ogy research and development center of the University of
Milano-Bicocca. WellBe! is based on positive psychology,
mindfulness, and self-compassion principles. It aims to give
university students suggestions and instruments to manage
stress and promote their well-being. The intervention con-
sisted of using this app for 15 days, from Monday to Fri-
day, for 3 weeks. The app offered 15 exercises, and every
day, excluding Saturday and Sunday, an exercise lasting
between 5 and 10 min was made available to participants.
Each exercise included content related to training and tech-
niques for promoting resources and developing coping strat-
egies for managing stress and ameliorate well-being. Each
week the following exercises were proposed: an exercise on
good intentions to allow participants to establish achievable
objectives during the week, a mindfulness exercise whose
content varied over the three weeks, an exercise relating to
gratitude, an exercise which suggests good practice for stress
coping, and finally an exercise that allowed the promotion
of well-being through physical exercise. This logic was cho-
sen because the objective was to give participants the oppor-
tunity, by repeating the same types of exercises despite the
slightly different content, to familiarize themselves with the
exercises and internalize the related principles. Exercises
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were borrowed and adapted from intervention protocols
such as mindfulness, positive psychology and national
guidelines for promoting well-being at work. At the end of
each exercise, they were asked to evaluate the usefulness
of this exercise in improving their well-being. In addition,
the app allowed participants to monitor their well-being
through a daily questionnaire and the relative dashboard to
gain a badge for each exercise completed and to listen to
podcasts related to self-compassion techniques. Participants
could only get feedback from the app through a dashboard
that showed their results, a daily well-being questionnaire,
and badges obtained after completing daily exercises. Over-
all, participants were required to use the app for approxi-
mately 10 min per day. Participation and subsequent access
to the app were encouraged every morning, from Monday to
Friday, by sending a daily notification. Data collection was
conducted through two modalities: primary and secondary
outcome measures were collected via Qualtrics links sent
directly to participants, while in-app data -including daily
well-being responses, and exercise evaluations- were cap-
tured via embedded iframes that transmitted information
directly to the Qualtrics platform.

Measures
Primary Assessment

At baseline (T0) and after (T1) the intervention, participants
were administered the Italian versions of the following self-
assessment scales.

Perceived Stress Scale (Mondo et al., 2021), a 5-point
Likert scale (from 0="never” to 4=“very often”), was
selected to measure perceived stress. A sample item is: “/n
the last month, how often have you been able to control irri-
tations in your life?”. The scale reliability, calculated using
Cronbach’s Alpha, is 0.86 at TO and 0.87 at T1.

General Health Questionnaire-12 (Fraccaroli & Schadee,
1993), was used to measure the perception of psychosomatic
malaise through a 4-point Likert scale (from 0="better than
usual/more so than usual” to 3="much less than usual/much
less useful” for positively worded items and 0="“not at all”
to 3="“much more than usual” for negatively worded items).
A sample for positively worded items is: “felt that you are
playing a useful part in things?” and for negatively worded
items “been feeling unhappy and depressed?”. We used a
modified scoring method, called Goodchild and Duncan-
Jones’s method (CGHQ), as it demonstrated superior con-
struct validity and greater sensitivity with respect to the
traditional scoring method of GHQ (Whaley et al., 2005).
On the basis of this method, the scoring of negative items
is 0, 1,1, 1. The scoring of positive items is 0, 0, 1, 1. The
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scale reliability, calculated using Cronbach’s Alpha, is 0.83
at TO and 0.83 at T1.

Psychological Capital Questionnaire — Short Version
(Avey et al., 2011) was selected to measure psychological
capital. It comprises four dimensions: hope, self-efficacy,
optimism, and resilience. As there is no official Italian vali-
dation of the short version, we selected the corresponding
12 items from the full Italian version by Alessandri et al.
(2015). This is a faithful translation of the original PCQ,
and the item wording has been adapted for the context of
university students. Moreover, in line with previous stud-
ies (Djourova et al., 2019) aiming to maintain a balanced
representation of the four core factors, we added one addi-
tional item to the optimism dimension (i.e., When things are
uncertain in my academic path, I usually expect the best)
to ensure that each dimension was assessed with an equal
number of items. All dimensions were addressed through
a 6-point Likert scale (from 1=“completely disagree” to
6="completely agree”). A sample item is: “If [ were to find
myself'in difficulty in my studies, I could think of many ways
to get out of it”. The overall scale reliability, measured using
Cronbach’s Alpha, is 0.91 at TO and 0.92 at T1. Specifically,
the reliability of the hope subscale is 0.86 at both TO and T1;
for the resilience subscale, it is 0.71 at TO and 0.74 at T1; for
the optimism subscale, it is 0.84 at TO and 0.87 at T1; and
for the self-efficacy subscale, it is 0.82 at TO and 0.80 at T1.

To measure the perception of life satisfaction, the Sat-
isfaction With Life Scale (Di Fabio & Palazzeschi, 2012)
was used. The instrument is a 7-point Likert scale (from
1="“totally disagree” to T="totally agree”). A sample item
is “In most ways my life is close to my ideal”. The scale
reliability, calculated using Cronbach’s Alpha, is 0.81 at TO
and 0.86 at T1.

Secondary Assessment

At the end of the intervention (T1) were also administered
the 10-item System Usability Scale, SUS (Brooke, 1996),
which was used to measure users’ usability (Cronbach’s
Alpha=0.71), and the 12-item User Engagement Scale
(UES)-Short form (O’Brien et al., 2018), which was used
to assess users’ engagement (Cronbach’s Alpha=0.87).
Both are 4-point Likert scales ranging from 1="strongly
disagree” to 5="“strongly agree”. However, there is still no
gold standard for evaluating Usability and User Engage-
ment in mental health app-based interventions (Lemon et
al., 2020). For this reason, qualitative methods were used
to verify these dimensions in addition to quantitative meth-
ods. Participants in the intervention condition were asked
to express their feedback on usability and user engagement,
scoring each exercise during the intervention period and
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giving general qualitative feedback in the post-intervention
assessment.

Statistical Analysis

Statistical analyses were conducted using SPSS 29. Descrip-
tive analyses were performed, including mean and standard
deviation. A mixed-design ANOVA was conducted to exam-
ine changes in the dependent variables over time and across
groups. The within-subjects factor was time (TO and T1),
and the between-subjects factor was condition (interven-
tion vs. control). This enabled us to test the main effects, as
well as the interaction between time and condition, which
indicates whether changes over time differed between the
two groups. An alpha level of 0.05 was chosen to indicate
statistical significance. Partial Eta-squared (n,,*) was used to
measure effect sizes: 0.01 indicates a small effect size, 0.09
indicates a medium effect size, and 0.25 means a large effect
size (Ansley et al.,, 2021). Where significant interaction
effects emerged, post hoc comparisons were conducted with
Bonferroni correction to control for Type I error. Finally,
the perceived usability and user engagement relating to the
Wellbe! app were calculated using data collected at T1.

Results

Table 1 presents the means and standard deviations of health
and psychological outcomes, as well as personal resources,
providing an overview of the key variables analyzed in the
study.

Primary Aim
Perceived Stress (H1)

On the basis of the hypothesis H1, students in the interven-
tion group were expected to report a greater reduction in
levels of perceived stress after the intervention. The analysis
revealed a significant main effect of time on stress levels,
F(1,94)=5.49; p=.021; 1,>=0.055, indicating that stress lev-
els changed significantly from TO to T1 in the overall sample.
However, the interaction effect between time and condition
was not significant (F(1,94)=1.48; p=.23, 1,>=0.016), sug-
gesting that the change in stress levels over time did not
differ between the intervention group and the control group.
Therefore, Hypothesis H1 was not confirmed.

Psychological Capital (H2)

According to hypothesis H2, students in the intervention
group should report a greater increase in Psychological

Table 1 Means and standard deviations of health and psychological
outcomes and personal resources

Measure Control Intervention  Overall
Group Group Sample
(n=52) (n=46) (n=98)
Mean (SD)  Mean (SD)  Mean (SD)
Perceived Stress T0 21.94 (6.81) 22.61(7.08) 22.26(6.91)
Perceived Stress T1 21.24 (6.30) 20.39 (6.48) 20.83 (6.37)
Psychological Capital 4.00 (0.80)  3.85(0.90)  3.92(0.85)
TO
Psychological Capital 3.91(0.80) 4.05(0.83) 3.97(0.81)
T1
Optimism TO 3.61(1.06) 3.43(1.14)  3.52(1.09)
Optimism T1 3.72(0.98)  3.72(1.06)  3.72(1.01)
Hope TO 4.11(0.86)  3.85(1.15)  3.98(1.00)
Hope T1 3.88(0.89)  4.03(0.96) 3.95(0.92)
Resilience TO 4.31(093) 4.11(0.81)  4.21(0.87)
Resilience T1 422(0.93) 4.29(0.79) 4.25(0.86)
Self-efficacy TO 398 (1.13)  4.02(1.05)  4.00(1.08)
Self-efficacy T1 391(1.09) 4.15(0.97) 4.03(1.03)
Satisfaction with Life 446 (1.18)  4.09(1.24) 4.28(1.18)
TO
Satisfaction with Life 442 (1.18)  433(1.34) 4.37(1.25)
T1
Psychosomatic Malaise  0.45 (0.26)  0.51 (0.25)  0.48 (0.26)
TO
Psychosomatic Malaise  0.48 (0.26)  0.45(0.27)  0.47 (0.26)
T1

Capital after the intervention. Coherently, a statistically sig-
nificant interaction emerged between time and experimental
group (F(1,93)=8.56, p=.004, n*>=0.084), indicating that
the change in Psychological Capital differed between the
control and intervention groups (Fig. 2). Post hoc pairwise
comparisons showed that only participants in the interven-
tion group reported a significant increase in Psychological
Capital from pre- (M=3.85, SD=0.90) to post-intervention
(M=4.05, SD=0.83; My = -0.196, p=.006), whereas no
significant change was observed in the control group (Mg
=0.086, p=.201).

== &= Control Intervention

Psychological Capital
\
I
I
I
I
[ ]

Time

Fig. 2 Difference in psychological capital level by condition over time
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Specifically, to understand which dimensions of psycho-
logical capital were responsible for this result, we conducted
ANOVAs for each of the dimensions considered.

The results revealed a statistically significant interac-
tion between time and group regarding the dimensions of
hope (F(1,94)=9.85, p=.002, 1,’=0.095) and resilience
(F(1,94)=4.30, p=.041, n,>=0.044). For hope (Figure 3),
the control group showed a significant reduction from TO
to T1 (Mg = 0.235, p=.012), while the intervention group
maintained stable hope levels (Myg=—0.18, p=.063).
For resilience (Figure 4), the intervention group showed
a non-significant trend toward improvement from TO to
T1 (Mgg=—0.181, p=.061), whereas the control group
remained stable (Mgy = 0.093, p=311). In contrast, no
statistically significant differences were found in Opti-
mism (F(1,93)=1.60; p=.210, n,>=0.017) and Self-efficacy
(F(1,94)=1.71, p=.19, n,> =0.018) levels between the two
groups over time.

Therefore, only Hypotheses H2b and H2¢ were partially
confirmed.

Satisfaction with Life (H3)

Regarding the hypothesis that participants in the smart-
phone-based intervention group would show improvements
in levels of life satisfaction compared to those in the control
group, the results revealed a significant interaction between
time and group (F(1,94)=5.17, p=.025, 1,’>=0.052), indi-
cating that changes in life satisfaction over time differed
between the intervention and control groups (see Fig. 5).
Post-hoc analyses showed that life satisfaction significantly
increased from pre- to post-intervention in the interven-
tion group (M = 0.24, p=.009), whereas no significant
change was observed in the control group (Mg = 0.04,
p=.616). However, there were no significant differences

== &= (Control Intervention

Hope

TO Il

lime

Fig. 3 Difference in hope by condition over time
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Fig. 5 Difference in life satisfaction by condition over time

between groups at either pre- or post-intervention. There-
fore, Hypothesis H3 was partially confirmed.

Psychosomatic Malaise (H4)

Regarding the hypothesis according to which students in the
intervention group would have reported a greater reduction
in levels of psychosomatic distress after the intervention,
the interaction between time and experimental group was
only marginally significant (F(1,94)=3.92, p=.051, n*=
0.040), indicating a trend towards differences over time
in the levels of psychosomatic malaise between the inter-
vention group and the control group. However, neither the
within-group nor the between-group pairwise comparisons
reached statistical significance. Although participants in the
smartphone-based intervention group showed a tendency
towards reduced levels of psychosomatic malaise after the
intervention compared to participants in the control group
(see Fig. 6), this result did not reach conventional levels of
statistical significance. Therefore, Hypothesis H4 was only
partially supported.
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Secondary Aim
Usability (O1)

An average usability score of 79.6 (SD=11.3) emerged.
Based on previous research, a SUS score above 68 would
be considered above average (Brooke, 1986). A SUS score
of 79 falls at around the 85th percentile, indicating that this
score would result in the beginning of the A range, that is
to say, the top 15% of all applications tested (Ferreira et al.,
2018).

User Engagement (02)

WellBe! user engagement got an average score of 2.9 on
5 (SD=0.58) on the UES-SF scale (O’Brien et al., 2018).
Notably, the subscale score related to endurability, novelty
and involvement feeling present the higher score (M =3.22;
SD=0.87).

Users’ Feedback

During the interventions, participants were asked to rate
their satisfaction at the end of each daily activity. Exercises
got an average evaluation of 3.67 out of 5 (SD=0.97). The
most appreciated activity (M=4.32; SD=0.56) was a posi-
tive psychology exercise that promoted coping strategies,
while the worst-performing exercise was the third repetition
of an activity aimed at stimulating well-being through phys-
ical exercise (M=3.26; SD=0.98). In addition, at the end
of the 3-week intervention, intervention group participants
were asked for feedback about (1) issues occurring during
the app usage, (2) features or contents particularly appre-
ciated or, on the contrary, which were considered useless
or unpleasant, (3) features to change or add, or contents to
integrate. Concerning (1), participants reported three main
issues: (a) limitations with exercises, including the inability
to complete more than one activity per day or to recover

from missed activities; (b) podcasts lacking stop, rewind or
duration features; and (c) in some cases, notification issues.
Concerning the second aspect we mentioned above (2),
there was a significant heterogeneity in what participants
appreciated or not. Contents were generally appreciated
with differences within exercises. Also, podcasts for which
participants reported issues regarding stop and rewind were
considered generally pleasant. Activities repetition over
several weeks and the lack of exercise monitoring were not
always appreciated, as well as how the well-being was mon-
itored. The badges were not particularly appreciated since
they were not sufficiently linked with the activity. Finally,
participants shared their thoughts about possible new fea-
tures (3). The leading suggestions were related to activities
and the possibility of adding new ones, giving a chance to
have more than one exercise in a day and recovering the
“lost” ones, diversifying between pre-determined activities
and training to do in “case of needs”. In addition, several
participants deemed that the app should be more interactive
with more practical activities and the possibility of tracking
their results in an in-app diary. The theme of notification
was still present, and participants suggested the possibility
of setting up personalized notifications, such as one specifi-
cally to remind activities, daily questionnaires, or exercise
evaluations. Lastly, other improvements were proposed,
such as more personalized activity badges, questionnaires to
track daily mood, and, in general, a more attractive design.

Discussion

The primary aim of the study was to explore the relation-
ship between m-health intervention and perceptions of
stress, psychosomatic malaise, personal resources, and
life satisfaction. Regarding the first hypothesis (H1), con-
trary to what was presented in previous studies (Harrer et
al., 2018; Huberty et al., 2019; Schulte-Frankenfeld et al.,
2022), it was not possible to confirm a significant differ-
ence in perceived stress levels based on the intervention’s
participation. Indeed, although both groups showed a reduc-
tion in stress levels over time, the interaction effect between
time and condition was not statistically significant, and the
change was comparable across groups. These results could
be explained due to the limited duration of the study. As
suggested in a paper by Champion and colleagues (2018), a
longer duration of the intervention may lead to a more sig-
nificant reduction in perceived stress in students belonging
to the intervention group.

Concerning the second hypothesis (H2), results showed
that WellBe! was able to promote improvements in some—
but not all—dimensions of Psychological Capital. Specifi-
cally, a significant time x group interaction was observed
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for both hope and resilience. For hope, participants in the
control group showed a statistically significant decrease
over time, while those in the intervention group maintained
stable levels. For resilience, the intervention group showed
a non-significant trend toward improvement, whereas the
control group remained stable. Although the intervention
did not lead to statistically significant increases in these
personal resources, the pattern suggests a potential pro-
tective effect, as it appeared to buffer against the decline
observed in the control group. These findings align with
previous studies (Flett et al., 2019; Truhlar et al., 2022) that
have found modest effects of brief digital interventions on
psychological capital components. The other dimensions of
psychological capital did not show a similar pattern of sig-
nificance. For example, the optimism dimension appeared
to increase over time, but this change was not related to the
study condition. Consistent with the findings of Harrer et
al. (2018), no statistically significant differences emerged
over time or between the two conditions for the self-efficacy
dimension. Once again, it is possible that the duration of
the intervention was not sufficient to produce significantly
different effects between the two groups. This study contrib-
utes to the growing body of research on smartphone-based
interventions aimed at enhancing psychological capital in
university students. Given that psychological capital is not
only negatively correlated with perceived stress and psy-
chological distress, but also enhances performance, sup-
ports learning, and promotes engagement, strengthening
this resource represents an essential factor in promoting stu-
dent success and well-being (Sun et al., 2022).

Concerning the third hypothesis (H3) relating to the con-
struct of life satisfaction, a statistically significant interaction
emerged between time and group. Specifically, participants
in the intervention group showed an increase in life satisfac-
tion over time, while those in the control group experienced
a slight decrease. The effect size, however, was in the small-
to-medium range, and post-hoc comparisons indicated that
the increase in life satisfaction was significant only for the
intervention group. These results partially diverge from pre-
vious literature (Howells et al., 2016), in which no signifi-
cant effects on life satisfaction were found with a similarly
limited intervention duration. Further research with larger
samples and extended follow-up is recommended to con-
firm these preliminary findings.

As for the fourth hypothesis (H4), related to psychoso-
matic malaise, the analysis showed a time x group inter-
action approaching statistical significance (p=.051) with
a small effect size. In the intervention group, levels of
psychosomatic malaise decreased over time, while they
increased slightly in the control group. However, post-hoc
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comparisons did not reach statistical significance, suggest-
ing that the hypothesis is only partially supported. These
findings are only partially consistent with Kajitani et al.
(2020), who observed improvements in GHQ-12 after a two-
week smartphone-based intervention. Given the borderline
significance and the absence of significant post-hoc results,
the beneficial effect of WellBe! on psychosomatic distress
should be interpreted with caution and further examined in
future studies.

The secondary aim of this work was mainly related to
users’ feedback about the use of technology and was aimed
only at intervention group participants. Different from the
review of Haan and colleagues (2019), which reported that
51% of studies on digital interventions for university stu-
dents presented no satisfactory usability results, WellBe!
usability (O1) obtained a positive score and acceptable
results in this research, and it was considered above average
(Brooke, 1986). Usability tells us about the ease with which
users can use a technological device to achieve a certain
goal (Coursaris et al., 2011). Based on these findings and in
line with the study by Zapata and colleagues (2015), it can
be stated that usability evaluation is a critical component
in establishing the feasibility, effectiveness, and generaliz-
ability of a health-related digital intervention (Lattie et al.,
2019). Despite this, the participants found the well-being
monitoring graph not intuitive and the podcast section not
very usable, although the general idea about this content
was appreciated.

In relation to the user experience objective (O2), users
overall perceived the WellBe! app as positive with respect to
user experience. Notably, the subscale endurability, novelty,
and involvement feeling presented a mean score higher than
the general scale mean score. The user engagement score
allows us to understand how involved the user felt in using
the app (O’ Brien et al., 2018). Improving the usability of
the app and user-centered design is fundamental, as they
are two dimensions that can lead to low engagement, poor
efficiency in achieving objectives and rejection of the tool
(Torous et al., 2018).

The participants suggested integrating the possibility of
tracking habits and activities carried out directly within the
app to have an account of what was carried out. Further sug-
gestions included adding more than one exercise per day,
allowing users to reopen an exercise they had already com-
pleted or to make it up if they had missed it the previous
day. Furthermore, it was proposed that the app’s customisa-
tion be increased through activities, notifications, summary
graphs of the daily mood, and rewards for activities already
carried out. Finally, it was suggested that more attention be
paid to making the design more attractive.
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Conclusions

The present study developed a smartphone-based interven-
tion for reducing stress and promoting personal resources
in university students, intending to verify its effectiveness
and study users’ perception of usability and user engage-
ment. While the findings are modest, they suggest that
digital interventions may represent a useful complement to
traditional psychological support, particularly by address-
ing barriers such as stigma, accessibility, and reluctance to
seek help. What emerged could encourage universities to
integrate traditional interventions with innovative mental
health apps. Such a combined approach could enhance the
management of students’ mental health, offering accessible
and cost-effective support options. Moreover, the limited
effects observed highlight the importance of publishing
studies with null or modest findings, which contribute to
scientific transparency and help counter publication bias
(Franco et al., 2014). Reporting such outcomes is crucial
for building a cumulative and realistic understanding of
intervention efficacy, especially in early-stage or explor-
atory research. Therefore, the present study contributes to
the expansion of the existing literature on the effectiveness
of smartphone-based interventions for promoting the well-
being of university students and encourages further devel-
opment of empirical evidence relating to smartphone-based
interventions with the aim of improving the psychological
well-being of university students, considered a vulnerable
population (Ferrari et al., 2022).

Limits and Suggestions for Future Research

The study has some limitations from which we can draw
inspiration for future research. First, although it is a ran-
domized controlled trial, the results may not be generaliz-
able to all university students due to the small final sample
size. Connected to this, the final sample was predominantly
composed of women (80%), suggesting a possible gender
bias. This phenomenon has already been documented in the
literature and may reflect a greater willingness on the part of
female students to participate in research on topics related
to psychological well-being and stress management (e.g.
Groot et al., 2023). Furthermore, since it was a voluntary
recruitment, the sample could include students particularly
interested in the topic of stress, or who were going through
a critical period. For these reasons, future research should
seek to increase the sample size and balance the gender dis-
tribution. Furthermore, some participants faced technical
problems such as not receiving notifications and the impos-
sibility of carrying out some exercises; these could have
influenced the constant carrying out of the intervention and,
consequently, its effectiveness. A further limit concerns the

short duration of the intervention, since, based on the ref-
erence literature, traditional interventions have a duration
that varies from 8 to 12 weeks and some researchers sug-
gest that improvements in stress levels require a minimum
of 4 weeks (Baer et al., 2016). It is important to note that
the small effect sizes observed in our study further reflect
these limitations. Although some statistically significant
improvements were detected, the magnitude of the effects
was modest, suggesting a limited practical impact. In this
regard, a recent meta-analysis by Ferrari et al. (2022) found
that digital interventions had small-to-medium overall
effects on psychological outcomes such as stress, depres-
sion, and anxiety. Therefore, while the results are encourag-
ing as a preliminary signal of potential efficacy, they must
be interpreted with caution, and future studies should aim to
optimize both the delivery format and duration to enhance
impact, as well as provide human support. As Mohr et al.
(2011) suggested, incorporating human support elements
can enhance user satisfaction and the effectiveness of digi-
tal interventions. Similarly, fostering a sense of community
can encourage greater engagement and help users feel less
isolated.

Furthermore, the stability and durability of the results
found in the T1 post-intervention questionnaire were not
tested using a follow-up questionnaire. It is also important
to note that, given that stress levels can fluctuate due to
acute life events, the use of only pre- and post-intervention
assessments may have overlooked transient effects. Future
research should investigate the long-term effects of the
WellBe! smartphone app and include multiple follow-up
assessments. Moreover, our sample had relatively low lev-
els of stress and high levels of pre-existing resources. This
suggests that the participants were not representative of
individuals with significant psychological needs, as they did
not demonstrate a strong need for the intervention. Conse-
quently, this may have limited the ability to observe the full
potential effectiveness of the intervention, as it was tested
on a group with an inherently lower susceptibility to stress-
related challenges. Future research should aim to include
participants with a wider range of stress levels and psycho-
logical needs to better assess the impact of the interven-
tion. Another important limitation to highlight is the limited
accessibility of the application, in fact, WellBe! is a smart-
phone application developed only for Android devices. This
means that a relevant part of smartphone users couldn’t par-
ticipate in the study (i.e. i0S users), and it could be possible
that Android users have different characteristics from users
of other app stores. Future research should be more inclu-
sive and involve more generally all the different users of app
stores. Finally, while the waitlist control condition is still
commonly employed in the initial evaluation of interven-
tions (Groot et al., 2023), incorporating an active control
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group is a valuable approach for future research (Laws et
al., 2022). While participants were only generally informed
that the study evaluated changes in stress and well-being,
they may still have experienced expectancy effects due to
their awareness of receiving (or not receiving) the app. An
active control group would enable the effectiveness of the
intervention to be measured and could support the legiti-
macy of the approach adopted in this study.

Practical Implications and Future Directions

While our findings should be interpreted with caution, due
to small effect sizes, this study can potentially contribute
to the literature relating to smartphone-based interventions
and their effectiveness in managing stress and promoting
well-being in the university student population in several
ways. Firstly, despite the short duration of the intervention
and limitations previously pointed out, preliminary results
emerged regarding psychological capital and satisfaction
with life, along with a tendency toward reduced psychoso-
matic malaise. Therefore Wellbe! could be considered as
a promising low-cost option, potentially useful when inte-
grated within broader student support programs. Secondly,
the study confirms the importance of evaluating the app’s
perceived usability and user engagement as they can provide
important elements for improving the app itself and its ease
of use; these are, therefore, important elements to include in
the development of apps for managing the psychophysical
health of students. As a consequence, our results could rep-
resent a starting point for developing apps that can be used
by support services in stress management and promotion of
well-being in the universities.
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