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Abstract
Background  Mental preparation is a fundamental aspect of athletic performance. We present here an experiment 
aimed at evaluating the effectiveness of a blended intervention to promote mindfulness and self-confidence and a 
reduction of anxiety among professional athletes.

Methods  The intervention, delivered through an application for smartphones, included eight weekly modules with 
variable and progressive training and relaxation exercises. Meetings with the athletes took place every 2 weeks. The 
study involved 41 tennis players who were randomly assigned to either the intervention or the control group. Data 
were analyzed via repeated measures ANOVA.

Results  The results showed a significant change in self-confidence, arousal control, anxiety, awareness and 
refocusing in the experimental group and no significant change in the control group.

Conclusion  The blended intervention showed good results in only 8 weeks, thus again emphasizing the 
effectiveness of breathing and relaxation techniques opening the door for future studies and interventions that can 
use new technologies to promote athletes’ well-being and performance.

Trial registration  Current Controlled Trials NCT06212986, 01/18/2024 - Retrospectively registered.
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Background
Mental training in sport refers to a set of techniques that, 
among others, can help the athlete to enhance their abil-
ity to control stress and improve concentration and com-
petitive performance [1]. According to most coaches, 
mental preparation represents a fundamental aspect of 
success in athletic competitions and can make the dif-
ference even with an opponent of similar skills [1]. Fur-
thermore, research in sport psychology has shown that 
mental training may play a critical role not only in ath-
letes’ performance but also in their psychological well-
being. Two well-known forms of mental training are 
psychological skills training (PST) and mindfulness train-
ing (MT) [2].

PST refers to the systematic and consistent practice of 
mental or psychological skills that are aimed at enhanc-
ing performance and at increasing pleasure and satisfac-
tion in sport [3]. The ultimate goal of PST is to enable 
athletes to manage their thoughts, emotions and behav-
iors [3] through the combination of several techniques 
such as relaxation, positive self-talk, or reframing of neg-
ative thoughts.

The second is MT, developed for sports psychology by 
Gardner and Moore [4], and it is based on the promo-
tion of acceptance and the non-judgmental awareness 
of the present moment. MT is inspired by the mindful-
ness-acceptance-commitment (MAC) approach [5] and 
argues that optimal performance does not necessar-
ily come from reducing or minimizing negative internal 
states. Rather, performance results are affected by the 
athletes’ ability not to mentally judge the present, that is, 
the task they are performing, through their experiences. 
The MAC protocol [4] employs a series of experiential 
techniques and exercises aimed at increasing awareness 
and non-judgmental acceptance of cognitive, sensory and 
affective experiences.

Multimodal interventions (activation regulation, visu-
alization, self-talk, and goal setting) were found to be 
effective in improving attention and emotional control 
compared to control groups [2, 6]. In fact, by examining 
the effectiveness of psychological skills training (PST) 
and mindfulness-based interventions (MBI) in enhancing 
athletic performance, Röthlin and colleagues [2] found 
that a combination of both interventions might provide 
a more comprehensive approach to optimizing athletic 
performance. Both interventions contributed positively 
to athletic performance, but through different psycho-
logical mechanisms: PST primarily improved goal-setting 
and self-talk, whereas MBI enhanced mindfulness and 
emotional regulation [2, 6].

Both PST and MT share the goals of enhancing ath-
letes’ psychological skills by using similar common 
strategies. For example, focusing attention on breath-
ing is a widely used technique in all approaches, even 

those with different goals. In PST it is used to manage 
anxiety and reduce physiological activation, while in 
MT it is conceived as a strategy to stay focused on the 
present moment. Research has shown that the ability to 
consciously stay in touch with one’s breath is negatively 
correlated with depression, rumination, and repetitive 
negative thoughts [7], acting on an overall improvement 
in psychological and physical well-being [8]. In particular, 
slow breathing techniques improve interactions between 
autonomic, cerebral, and psychological flexibility, linking 
parasympathetic and central nervous system activities 
related to both emotional control and well-being [9], and 
diaphragmatic breathing facilitates increased air volume 
reserve and ventilation, and decreases respiratory rate 
and dyspnea [10].

With a particular reference to the tennis context, 
Mamassis and Doganis [11] developed a multimodal 
mental training program and tested its significant effects 
in reducing pre-competitive anxiety and increasing self-
confidence among junior tennis players. Additionally, 
authors found a marked improvement in tennis perfor-
mance, indicating that mental training can be a valuable 
tool in enhancing both psychological and performance 
aspects of young athletes [11]. More recently, Dohme 
and colleagues [12] explored development, implementa-
tion, and evaluation of a mental skills training program 
specifically designed and tailored for elite youth tennis 
players, according to their psychological challenges and 
needs. This study also demonstrated the potentialities of 
mental training interventions in enhancing mental skills, 
performance and psychological well-being [12].

Digital technologies for athletes’ well-being
The technological revolution of the twenty-first century, 
as reported by Howells and colleagues [13], has affected 
all aspects of daily life, including thoughts, behavior, and 
social interactions in a whole new and unexpected way. 
Smartphones have played a fundamental role in this 
revolution [13] together with the development of remote 
training interventions aimed at promoting individuals’ 
well-being through mobile apps [14]. Mobile phone apps 
are accessible at any time and in any place and allow for 
great user flexibility in frequency or amount of use [15]. 
Given these advantages, research has shown that young 
adults prefer digital interventions to increase their well-
being and mental health over face-to-face therapies [16]. 
Furthermore, given the large annual expenditure on men-
tal health services, many resources are being invested 
in proactive programs aimed at promoting mental well-
being in non-clinical populations [17]: this is an approach 
believed to be effective and low cost [18].

The proliferating development of these digital applica-
tions is related to the field of applied positive psychology 
[19] and it is called Positive Technology (PT) [20, 21]. PT 
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specifically aims at investigating how ICT-based applica-
tions and services can be used to foster positive growth 
of individuals, groups and institutions by focusing on the 
design, development, and validation of novel digital expe-
riences that aspire to promoting positive change through 
pleasure, flow, meaning, competence, and positive rela-
tionships [22, 23].

Up to now several apps using psychological skills train-
ing or mindfulness interventions have been developed 
and tested. One of the best known and most downloaded 
apps is Headspace [24], which uses mindfulness and 
meditation exercises to help the user learn about and 
practice meditation [25]. Another widely downloaded 
app is Calm, which is based on the principles of mindful-
ness and meditation and allows users to develop mindful-
ness skills, practice meditation, and track their mood and 
feelings over time [25].

Despite all the evidence regarding the effectiveness of 
mobile interventions in promoting individual well-being 
in several contexts, these interventions are very rare 
in sport [26], and athletes are looking for digital tools 
aimed at improving their performance. Several studies 
integrated a blended PST approach with mindfulness 
exercises through audio-guided contents focused on 
breathing, relaxation techniques and body scanning [27], 
and results showed a significant increase in concentra-
tion and self-efficacy.

Furthermore, recently, Kittler et al. [28] implemented a 
6-week blended program combining the use of a mind-
fulness based app, aimed at enhancing awareness to 
improve attention regulation, with six face to face work-
shops (one per week) focused on meditation techniques, 
body scanning, and emotion awareness. Unexpectedly, 
results showed that the application was underused. In 
fact, the improvements found in attention skills did not 
appear to be associated with the use of the app (only 
30.51 min) but with participation in the workshops (aver-
age of about 200 min total). Thus, the authors highlighted 
the importance of providing assistance to users to pro-
mote their engagement and to enhance the effects of the 
app-based intervention.

Although the rapid expansion of mobile applications 
offers the opportunity to develop self-help or guided 
interventions that encourage healthy behaviors and well-
being in several contexts [29], the proliferation of apps 
on the market have rarely been supported by empirical 
evidence [30] and a recent investigation [31] found that, 
within the sports context, mobile apps aimed at train-
ing specific skills had a low rate of user involvement. A 
way to increase user engagement with mental health apps 
can be through blended interventions [32], combining 
digital and online contents and activities with traditional 
analogous methods, like face-to-face meetings. Besides 
user engagement, blended interventions can improve 

motivation and adherence and allow to practice mental 
techniques according to individual time [33]. Blended 
interventions are frequently used in care settings and 
several studies showed their potentialities also in sport 
[31, 34].

In the specific context of tennis, no specific apps aimed 
at promoting psychological well-being have been devel-
oped and tested with controlled studies to date. Recently, 
Bilić and colleagues [35] assessed the accuracy and reli-
ability of a mobile application designed to track tennis 
performance through an application for the automatic 
analysis of movement and specific parameters in tennis. 
The results showed that the application was an helpful 
tool in the training process of tennis players at all levels 
of the game; however, it was not designed for enhancing 
athletes’ psychophysical well-being.

Present study
The present pilot study was aimed at evaluating the 
effectiveness of a blended research combining the inter-
vention of a professional and the use of the Perform-UP 
Tennis app to promote athletes’ mindfulness, self-confi-
dence and to reduce anxiety. Another aim was to evaluate 
the user experience and the quality of the mobile app as 
assessed by the athletes. To achieve these goals, this study 
employed a mixed-methods approach, integrating quan-
titative and qualitative measures to provide a compre-
hensive understanding of the intervention’s effects.

Methods
The app Perform-UP Tennis, available for Android and 
IOS, has been developed by the first author, a sports 
psychologist, to help athletes maximize their sports per-
formance, based on the latest scientific evidence. Per-
form-UP Tennis is a sport specific mental training app 
that integrates breathing, relaxation and nature-based 
guided imagery exercises and aims to promote emotional 
well-being and the enhancement of mental skills. The app 
techniques are integrated into a single gradual path that 
involves increasingly complex breathing and relaxation 
exercises with increasing duration. The athletes’ mental 
pathway is customized based on age, gender, level and 
dominant arm.

The app includes both (1) exercises to promote emo-
tional and psychological sport skills in order to man-
age anxiety and arousal, and to promote self-confidence 
and the ability to be focused and aware of cognitive and 
affective states during tennis practice and (2) exercises 
to improve the mental imagery. This study was focused 
mainly on evaluating only a first set of exercises (see 
Table 1).

The intervention consisted of eight weekly modules, 
representative of all exercise categories within the appli-
cation and specifically those related to breathing and 
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relaxation sections, over a period of 8 weeks with pro-
gressive exercises during season. The duration of the 
intervention, spanning several weeks, was consistent 
with that of other interventions, such as those of Kittler 
and colleagues [28], who implemented a 6-week blended 
program based on a mindfulness app, of Walsh, Saab 
and Farb [36], who investigated the effects of a mindful-
ness meditation app on subjective well-being through 
an active randomized controlled trial over a period of 3 

weeks, and of Busch and colleagues [37], who explored 
the effects of using a fitness app over a period of 6 weeks 
on psychological well-being and body awareness.

Participants were randomly assigned to either the 
experimental blended group (Perform-UP group), that 
used the application on their own and also met up with 
a professional sports psychologist every 2 weeks for 
debriefing, and a control group that did not use it. A free 
online software (Research Randomizer 4.0) was used to 
generate the randomization list. Participants were asked 
to answer a series of questionnaires at two separate 
stages: at the baseline, i.e., before starting the use of the 
Perform-UP Tennis app (T0), and eight weeks later, i.e., at 
the end of the intervention (T1). The times of assessment 
were the same for the two groups. The app was available 
for free for tennis players who were interested in taking 
part in the study (the control group received the app free 
of charge after completing the second assessment).

The G-power software was used to estimate the num-
ber of participants required. Assuming a medium effect 
(Cohen’s d of 0.5), in line with the positive psychol-
ogy intervention’s impact on well-being [38], a sample 
of 44 (22 in each group) was needed to detect a differ-
ence between two means with 95% power in a repeated 
measure design - within/between interaction (number 
of groups: 2; number of measurements: 2; correlation 
between repeated measurements: 0.05). The study was 
approved by the Ethics Committee of the Psychology 
Department of the Università Cattolica del Sacro Cuore 
di Milano, Italy.

Participants
Since Perform-UP is an application developed specifi-
cally for tennis, an e-mail introducing the research proj-
ect, with the methodology and information needed to 
participate, was sent to tennis clubs throughout Italy the 
researchers knew personally. They were informed that 
participation was voluntary and that they were free to 
drop out of the study at any time and that all data would 
be considered confidential. The inclusion criteria were: 
being tennis players with a minimum age of 14, being 
fluent in Italian, and having a smartphone with an Inter-
net connection. Athletes who decided to take part in the 
research sent back a completed informed consent form 
and received a one-year free subscription to the Perform-
UP Tennis application. Also, the parents of the junior 
athletes (aged 14–18) signed a consent form for their 
child to participate in the study.

Forty-five competitive tennis players were enrolled in 
the study, and they were randomly assigned to Perform-
Up group (n = 24) and control group (n = 21). See Fig.  1 
presenting the flow diagram of participant progression 
throughout the study. To assess the effectiveness of the 
program, we included in the analysis only the athletes 

Table 1  Type and description of exercises included in 
Perform-UP tennis app and promoted skills
Exercises Expected outcomes Week of inter-

vention and 
number of pro-
posed exercises

Diaphrag-
matic
Breathing [8]

The correct execution of the exer-
cise will allow the athlete to:
・ Decrease heart rate and respira-
tory rate
・ Re-educate the movements of 
the diaphragm
・ Increase relaxation and decrease 
anxiety

Week 1 (4 
exercises)
Week 2 (3 
exercises)
Week 3 (2 
exercises)
Week 4 (3 
exercises)
Week 5 (2 
exercises)

Visualization 
of naturalis-
tic environ-
ments [39]

Proper execution of the exercise 
allows the athlete to:
・ Develop a sensation of well-
being spread throughout the body
・ Promote relaxation and decrease 
anxiety
・ Lighten the flow of thoughts that 
dominate the mind

Week 3 (2 
exercises)
Week 4 (1 
exercises)
Week 5 (2 
exercises)

Square 
breathing 
[40]

Proper execution of the exercise 
allows the athlete to:
・ Promote concentration
・ Regulate blood pressure and 
heart rate
・ Increase awareness of one’s 
breathing

Week 6 (2 
exercises)

Relaxation 
technique 
focusing 
on positive 
energy [16]

Proper execution of the exercise 
allows the athlete to:
・ Improve the emotional state
・ Increase self-confidence and 
motivation
・ Experience a feeling of mental 
and physical well-being

Week 6 (2 
exercises)

Deep breath-
ing (exhale 
twice as long 
as inhale)
[7]

The correct execution of the exer-
cise allows the athlete to:
・ Improve concentration
・ Activate the parasympathetic 
system
・ Decrease mental stress and 
negative emotions

Week 7 (3 
exercises)
Week 8 (2 
exercises)

Mindfulness 
inspired 
techniques 
focusing on 
bodily sensa-
tions [41]

Proper execution of the exercise 
allows the athlete to:
・ Focus on the present
・ Improve awareness of internal 
states
・ Promote concentration

Week 8 (2 
exercises)
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Fig. 1  Flow diagram of participants progression
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who had completed at least half of the program, mean-
ing 4 out of 8 weeks. Based on this criterion, we excluded 
from the analysis four participants in the Perform-Up 
group who had not completed the activities for at least 4 
weeks. Finally 41 tennis players (20 in Perform-Up group 
and 21 in the control group) took part in the research 
project and were considered for the analysis.

Measures
This study adopted a mixed-methods approach, combin-
ing quantitative and qualitative measures to assess the 
effectiveness of the intervention and the mobile app user 
experience.

A series of self-assessment questionnaires were used 
to determine changes in psychological abilities and to 
assess participants’ overall experience with the Perform-
UP intervention. Data were collected at the baseline and 
at the end of the intervention (after 8 weeks), except for 
the rated quality of the application, which was evaluated 
only at the end of the intervention. Internal consistency 
for each subscale was calculated (Cronbach’s α).

The Psychological Inventory of Sport Performance 
(IPPS-48) [42] was used to evaluate the athletes’ sport 
performance in terms of the relevant mental skills. 
This scale consists of 48 items reflecting eight distinct 
components of mental skills (concentration, arousal 
control, preparation of the match, goal setting, visual-
ization, cognitive anxiety, self-confidence and self-talk), 
each assessed with six items. Each item is a statement, 
responded on a 5-point Likert scale. For this research, we 
considered only three subscales that were consistent with 
the activities proposed within the application (breathing 
and relaxation techniques). For this reason, the scales 
considered were: (1) cognitive anxiety (α = 0.88), evaluat-
ing the athlete’s level of concern during the match, fear 
of making mistakes, and fear of failing (e.g., “Before the 
competition I always have a sense of panic”), (2) self-
confidence (α = 0.89), evaluating the confidence that the 
athlete has in being able to compete at their best, to give 
their best and to believe in themselves. (e.g., “I consider 
myself a determined person when I compete”), (3) emo-
tional arousal control (α = 0.82), evaluating the athletes’ 
ability to relax when they feels anxious and under tension 
and to activate themselves when they need to reach the 
right energy level (e.g., “When I am feeling too tense to 
do what I have to do, I know I can relax”).

The Mindfulness Inventory for Sport (MIS) [43] was 
used to evaluate the awareness processes within the 
athlete’s sports performance. This scale consists of 15 
items reflecting three distinct components of mindful-
ness. Each scale includes five items, to which the ath-
letes respond on a 5-point Likert scale. It contains both 
positively and negatively worded items (the non-judg-
mental subscale was reverse scored). Specifically, the 

questionnaire presented assessed: (1) Awareness, being 
aware of stimuli and their associated internal reactions 
(e.g., “I am aware of the intensity of nervousness in my 
body,” α = 0.77), (2) non-judgmental, adopting a non-
judgmental attitude towards these stimuli and reactions 
(e.g., “When I become aware that I am not fully focus-
ing on my game, I blame myself for being distracted,” 
α = 0.86), (3) refocusing, quickly refocus attention on 
target signals (e.g., “When I become aware that some of 
my muscles are aching, I quickly refocus on what to do,” 
α = 0.74).

The Mobile Application Rating Scale (MARS) [44] was 
used to assess the quality of the mobile health applica-
tion. Specifically, this self-report scale measures four 
dimensions through 19 items: (A) engagement (5 items: 
fun, interest, individual adaptability, interactivity, tar-
get group) (α = 0,77), (B) functionality (4 items: perfor-
mance, usability, navigation, gestural design) (α = 0.84), 
(C) aesthetics (3 items: layout, graphics, visual appeal) 
(α = 0.78), and (D) information (7 items: accuracy of app 
description, goals, quality of information, quantity of 
information, quality of visual information, credibility, evi-
dence base) (α = 0.84). All items are assessed on a 5-point 
scale (1-inadeguate, 2-poor, 3-acceptable, 4-good, and 
5-excellent). In addition to these four dimensions, two 
other aspects were investigated: subjective evaluation of 
the user on the app (α = 0.83) and specific questions on 
the contents and exercises of the app (MARS specific) 
(α = 0.92). We have also included specific ad hoc ques-
tions to integrate the users’ qualitative assessment of 
their experience. In addition, qualitative questions were 
inserted to investigate: satisfaction gained from their 
intervention, the importance of the presence of the pro-
fessional and the benefits obtained.

Procedures
The intervention tested in this study was carried out over 
the course of 8 weeks. Each week, different breathing 
exercises (diaphragmatic, square and deep) and relax-
ation exercises (focus on positive energy, relax with dia-
phragmatic breathing and relax your body) were planned 
(see Table  1 for a description of exercises and expected 
outcomes). The mental training intervention consisted 
of weekly exercises (Fig. 2 and B), which were gradually 
released following the conclusion of the exercises sched-
uled for the week prior and the achievement of the des-
ignated medals signifying the completion of the week’s 
exercises (Fig. 2 and C). Before each new exercise, a video 
presenting the technique to be practiced was shown 
(Fig. 2 and A). Each week contained 3 to 4 exercises last-
ing 3–7 min (Fig. 2, B and C). The duration of the exer-
cises increased over the weeks. To maximize applicability 
and generalizability of the results, participants were free 
to use the app (timing, location, etc.), but were strongly 
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encouraged to practice at least one exercise a day for 8 
weeks.

To sustain active participation in the mobile inter-
vention, tennis players in the Perform-UP group were 
invited to take part in 20-min online individual sessions 
with a sport psychologist every 2 weeks to share com-
ments about the activities carried out, for a total of four 
online meetings. More specifically, during the meetings, 
the psychologist addressed any potential difficulties the 
athlete encountered while using the app. The psycholo-
gist also ensured that the athlete was completing the 
exercises and making progress with the mental training 
program, and discussed the athlete’s perceptions of the 
usefulness of the proposed exercises. Both groups at the 
end of the training (T1 after eight weeks) completed the 
online questionnaire including the IPPS and the MIS. The 
MARS questionnaire was only proposed to the experi-
mental group.

Data analysis
A SPSS software (IBM SPSS version 26.0) was used to 
analyze data. Continuous variables are reported as means 
and SD for normally distributed variables (age, IPPS and 

MIS subscales), whereas categorical variables (education 
level, employment status, previous meditation, breathing 
and mental training experience) are reported as frequen-
cies and percentages. The normality of the distribution 
was tested with the Shapiro– Wilk normality test. Inde-
pendent samples t-test at the baseline were performed to 
test the difference between groups (Perform-UP group 
and control group) for continuous variables (cognitive 
anxiety, arousal control, self-confidence, awareness, non-
judgmental, refocusing) and a chi-square test was run for 
categorical data (gender, education level, employment 
status, relaxation and breathing experience, mental train-
ing experience, tennis ranking). No significant differences 
emerged between groups at baseline. In line with the goal 
of the study, a repeated measures ANOVA were used to 
test the effectiveness of the blended intervention on cog-
nitive anxiety, emotional arousal, self-confidence and 
awareness of internal moods, non-judgmental attitude 
and refocusing attention, compared to the control group.

Fig. 2  Perform-UP intervention: Image A (homepage of the app), Image B (Week 1 not completed- grey medal), Image C (Week 1 completed- colorful 
medal)
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Results
Descriptive statistics
The sample group was made up of forty-one tennis 
players (23 males and 18 females) casually random-
ized to the blended Perform-UP and control groups. All 

socio-demographic descriptive data and sport character-
istics are shown in Table 2.

Descriptive data of psychological dimensions are 
reported in Table 3, together with results from Repeated 
Measures ANOVA.

Effectiveness of the Perform-UP intervention
The Repeated Measures ANOVA showed significant 
interaction effects on all IPPS considered dimensions 
(see Table 3). Specifically, the Perform-UP group exhib-
ited a significant decrease in cognitive anxiety and a sig-
nificant increase in emotional arousal and self-confidence 
compared to the control group.

Regarding the three dimensions of the MIS, a sig-
nificant interaction effect was found in awareness and 
refocusing, with the Perform-UP group achieving bet-
ter outcomes. Results, however, did not show an effect 
related to having a non-judgmental attitude, which 
remained stable in both groups.

Quality of app and users’ evaluation of the intervention
To evaluate the quality of the app, we referred to the 
involvement, functionality, aesthetics and quality of 
information dimensions from the MARS questionnaire. 
Descriptive data showed that the Perform-UP group 
evaluated very positively (more than 4.0) functionality 
(M = 4.36, SD = 0.72), quality of information (M = 4.27, 
SD = 0.65) and aesthetics (M = 4.10, SD = 0.65) of the app 
as well as positively evaluated (more than 3.5) its sub-
jective quality (M = 3.92, SD = 0.66) and engagement 
(M = 3.79, SD = 0.70).

Through the MARS questionnaire, the participants’ 
interest in the application and whether they would 
recommend it was also assessed. Participants rated 
the application as very interesting (M = 4.3). In their 
responses to the open question, they stated that the appli-
cation is innovative, well designed and easy to use (“It is 
well designed and structurally catches one’s attention”; “I 
really like how it is structured, but also the design and it 
is very easy to use”). Many users underlined the positive 
involvement (gaming) of the app structure (“The medals, 
as well as giving the impetus to improve, also make me 
think that this app is a game to complete”; “Because the 
graphics and exercises contained within stimulate you 
to use it a lot, follow it and do your best “) the app also 
offers the opportunity of having mental exercises at hand 
to be used as you wish (“Time-saving, as I can do the 
exercises without having to use other tools “;” Because 
it’s like always having a coach in your pocket who advises 
and reminds you about what you need to do to improve 
your tennis skills”; " Because it makes me undertake 
techniques that I have never tried before”; “Teach new 
things”).

Table 2  Socio-demographic and sport descriptive data
Participants’ characteristics Perform-UP 

group
(n = 20)

Control 
group
(n = 21)

Age
Gender

25.6 (14.34) 24.48 
(11.71)

Male (%)
Female (%)
Education level
Primary school
Senior high school
Bachelor’s Degree
Master ‘s Degree
Employment status

12 (60%)
8 (40%)
10 (50%)
7 (35%)
2 (10%)
1 (5%)

11 (52.4%)
10 (47.6%)

7 (33.3%)
9 (42.9%)
3 (14.3%)

2 (9.5%)

Employed
Unemployed
Student

7 (35%)
0
13 (65%)

8 (38.1%)
0

13 (61.9%)
Previous relaxation and breathing
experiences

5 (25%) 8 (38.1%)

Previous mental training experience 7 (35%) 6 (28.6%)
Tennis ranking
N.C.
4^ Cat.
3^ Cat.
2^ Cat.

2 (10%)
6 (30%)
9 (45%)
3 (15%)

5 (23.8%)
3 (14.3%)
9 (42.9%)
4 (19%)

Table 3  Effectiveness of the intervention
T0
M (SD)

T1
M (SD)

Interaction effect
Time x Group
f p η2

Cognitive anxietya

Perform-UP group 4.06 (0.87) 3.47 (0.91)
Control group 3.55 (1.01) 3.44 (0.98) 4.651 0.037* 0.107
Self-Confidencea

Perform-UP group 3.41 (0.89) 3.87 (1.04)
Control group 3.8 (1.12) 3.85 (1.22) 7.374 0.010* 0.159
Arousala

Perform-UP group 2.87 (0.70) 3.62 (0.69)
Control group 3.07 (0.83) 3.40 (1.03) 4.404 0.042* 0.101
Awarenessb

Perform-UP group 3.85 (0.90) 4.37 (0.70)
Control group 4.18 (1.01) 4.09 (1.05) 4.644 0.037* 0.106
Non-judgmentalb

Perform-UP group 2.99 (1.03) 3.04 (0.96)
Control group 3.09 (1.25) 3.36 (0.96) 0.740 0.395 0.019
Refocusingb

Perform-UP group 3.26 (0.89) 3.89 (0.92)
Control group 3.68 (0.78) 3.7 (0.91) 7.238 0.010* 0.157
a Psychological Inventory of Sport Performance (IPPS) subscales score ranging 
from 1 to 6; b Mindfulness Inventory for Sport (MIS) subscales score ranging 
from 1 to 6

*Significant results



Page 9 of 12Bordo et al. BMC Psychology          (2025) 13:537 

Fifteen out of twenty participants said they would rec-
ommend the app to others. In particular, they would 
recommend it because it is useful (“It’s a great app and 
it helps a lot”; “I think it’s a good experience and it is cer-
tainly very useful and efficient”; “It can be useful to all 
kinds of people”), it allows to achieve sporting goals and 
one’s own well-being (“It can be used to improve sports 
performance, but also to manage difficult situations in 
everyday life”; “Because by using this app, results can be 
obtained in both tennis and everyday life”; “Because it 
helps a lot to increase psychophysical well-being in gen-
eral, not just to prepare for sport”).

Furthermore, we integrated the exploration of partici-
pants’ subjective experience with the Perform-UP Tennis 
App by analyzing their answers to further ad hoc ques-
tions. Several topics were explored including: satisfac-
tion with the intervention (rating from 0 to 10 and open 
ended answers), perceived benefits (dichotomous yes/no 
answers and open ended answers), and evaluation of the 
presence of the professional (not useful, useful, the app 
was already exhaustive and complete).

Participants were highly satisfied with the intervention 
(M = 8.5). In particular, they reported that the interven-
tion allowed them to: have a positive and educational 
experience (“It helped me focus day by day without los-
ing perspective on my life”; “It enriched me personally”; 
“I think it was a magnificent experience, different from 
what was considered usual”), enhance performance 
(“Because for the first time, I found I was able to improve 
quite a few aspects of my game. The project also made 
me understand that non-professionals can improve their 
game as long as they put effort and passion into it”) and 
improve their ability to manage emotions (“It helped me a 
lot to contain and control my emotions and thoughts and 
also to relax “; “Because I applied it during the matches 
and it was useful as I was able to overcome tension and 
have more confidence in myself”; “Useful and well guided 
and exercises to manage sensations and relax the body 
through breathing”; “I found it very useful and helpful 
in focusing not only in sport but also in everyday life. I 
became more positive and relaxed”).

Tennis players reported benefits in terms of well-being 
(nineteen out of twenty responded positively). They 
affirmed that the techniques in the app allowed them to 
learn how to breathe properly (“I learned to give impor-
tance to breathing, which is often quite underestimated”; 
“They contributed… to proper breathing”) to relax by 
increasing control of their own body (“I generally feel 
much more relaxed both on and off the court; I approach 
situations with a different mentality”; " The app helped 
me to relax and therefore enhanced my bodily feel-
ings during training “), be more positive on and off the 
court and experience a real sense of well-being (“Gives a 
strange sense of peace, actually”; “Perfect when having to 

find alternative solutions to problems and reach a much 
better outcome”;“The techniques in question have helped 
me maintain focus on my game, be positive and not to 
become discouraged”).

Furthermore, seventeen out of twenty participants 
declared that they have used the techniques even out-
side the sporting context, in particular at work, at school 
(exams, before assessment tests, to increase concentra-
tion in studying), in personal life and to sleep better.

As far as the evaluation of the presence of the profes-
sional, sixteen participants found the presence of the 
professional useful to better understand the exercises 
proposed in the app, three found the presence of the pro-
fessional to not be useful and one participant found the 
app already meticulous and complete. In particular, they 
claimed that the professional helped them understand 
the techniques better, thus maximizing results and dis-
cussing any difficulties they came across.

Discussion
This pilot study assessed an application of the posi-
tive technology approach. It was aimed at testing the 
effectiveness and feasibility of a blended intervention, 
based on the use of the Perform-UP Tennis app, on the 
enhancement of the athletes’ awareness of their inter-
nal thoughts and feelings (mindfulness), self-confidence 
and on the reduction of both the cognitive and arousal 
dimensions of anxiety. Despite the small sample size, the 
results seemed to confirm the effectiveness of the pro-
posed intervention on tennis players’ self-confidence, 
cognitive anxiety and emotional arousal control. Further-
more, significant differences between groups were found 
in the athletes’ levels of awareness of internal states and 
refocusing of attention, while no significant differences 
emerged between groups regarding the non-judgmen-
tal dimension. This result appeared consistent with the 
content of the app, which did not include these types of 
exercises. The positive changes that were found in this 
pilot study seemed to confirm the benefits of integrating 
breathing (diaphragmatic, deep and square) exercises and 
nature-based guided visualizations with meetings with 
the professional to promote psychological skills in sport 
settings.

On the one hand, breathing exercises represent a ver-
satile technique which has been integrated within differ-
ent approaches. Specifically, within the MT approach, 
breathing is used to guide athletes to focus attention on 
the physical sensations of their breathing and to increase 
the ability to be aware of distracting stimuli [4, 45, 46], 
while in PST, breathing is used to promote relaxation and 
to reduce the physiological and psychological dimensions 
of stress and anxiety.

On the other hand, several studies have shown the 
effectiveness of nature-based guided imagery to manage 
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anxiety, promote relaxation [39] and improve self-esteem 
[47]. Thus, imaginative relaxation exercises have helped 
athletes to improve not only their ability to manage their 
emotions but also their self-confidence. In particular, the 
gamification approach proposed by the Perform-UP Ten-
nis App could have contributed to enhanced self-con-
fidence. In health apps, gamification supports people in 
pursuing goals and improved performances [48], such as 
running faster or eating healthier, through the definition 
of goals and the strategy of rewards that frame behavioral 
change in terms of points gained, levels achieved and 
other similar markers [49]. The Perform-UP Tennis App 
proposed weekly exercises, turning colorful when com-
pleted in order to accompany the training path, and a col-
orful medal to signal the achievement of the goal.

Furthermore, not to be underestimated is the role 
played by the professional in supporting the motivation 
of the athletes and accompanying them during the eight 
weeks of intervention. Sport psychologist can be a crucial 
component for the success of the PST interventions [50] 
and recent studies have shown the importance of inte-
grating professional assistance to sustain users’ adher-
ence to the at-distance intervention [28]. In this study, 
although the individual meetings with the professional 
were scheduled online every two weeks and had a short 
duration, progress may have been improved by the pres-
ence of a figure that reinforced the meaning and impor-
tance of the proposed activities. Moreover, as shown in 
a recent study that tested the effectiveness of the Calm 
application [51], the mindfulness awareness experience 
may not be easy to practice at a distance, and difficul-
ties in managing negative thoughts, which emerge dur-
ing meditation, can worsen the user’s mental state [52]. 
The presence of the professional in this research facili-
tated athletes achieving better understanding of some 
of the difficulties they were coming across. Tennis play-
ers explicitly appreciated the guided dimension of the 
approach in the open-ended responses given at the end 
of the intervention and 16 out of 20 were fully in favor 
of the presence of the professional because this led to a 
better understanding of the techniques dealt with during 
the previous weeks and helped clear up any doubts that 
arose.

Finally, we assessed the users’ experience in using the 
app and their satisfaction through ad hoc closed and 
open questions. The Perform-UP app group had higher 
scores in all domains: functionality, information, aesthet-
ics, engagement, and total score. The presence of features 
and techniques such as semi-automated tracking (self-
monitoring) inside the apps were associated with higher 
app quality scores in MARS in previous research, specifi-
cally for engagement, functionality, and aesthetics [53]. 
The high scores obtained by the Perform-UP group in 
those dimensions could be explained by the inclusion of a 

“feedback” module that allowed athletes to monitor their 
progress and by the integration of the sport psychologist 
supporting athletes’ adherence to the activities. Most of 
the participants were willing to recommend the app use 
for future athletes, and this positive response may be 
related to the feedback module the app provided, which 
made them aware of their own positive psychological 
change.

Tennis players shared several positive feelings about 
the experience and highlighted several benefits of the 
intervention both for their sport performance and for 
their well-being, such as effectiveness in relaxation and 
emotion management, in focused attention in several 
domains and in psychological well-being. Participants 
also positively evaluated the application, defining it as 
interesting, useful, well designed, simple and practical 
to use. Furthermore, participants expressed a preference 
regarding their favorite exercises. The most well-liked 
breathing exercise was “3-second square breathing” 
with 35% approval and the favorite relaxation exercise 
was “the Sea,” a nature-based guided visualization, with 
45% approval. Finally, considering the Perform-UP Ten-
nis total score in user experience assessment and taking 
into account previous research conclusions obtained by 
accessing multiple mHealth apps with the original MARS 
[53], we can consider Perform-UP Tennis as a high-qual-
ity app. This app can be used to help the professional in 
giving continuity in training. It can also be easily inte-
grated in physical preparation and daily routine training.

The limits of the present research can be identified in 
having used a passive control group, which may have led 
to overestimating the effects of the intervention. There-
fore, new research could be possibly carried out with a 
group of tennis players using a generic application of 
relaxation or breathing (e.g., Headspace or Calm) and 
a group using Perform-UP Tennis, which is, instead, 
highly sport-specific and specifically designed for tennis, 
comparing and evaluating any changes in sports perfor-
mance. In addition, only some weeks of the mental train-
ing program in the app were tested and not all. Therefore, 
it would be interesting to repeat the research and test all 
the weeks this time, to then assess the extent of changes 
in promoting athletes’ mindfulness and self-esteem and 
reducing in anxiety when completing the entire program.

To conclude, this blended intervention has shown good 
results in just a few weeks and opens the door to future 
studies that could integrate the potential of new tech-
nologies in promoting the well-being of athletes and their 
performance.
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