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Abstract 

Recently, interactive approaches aimed at helping people practice mindfulness have appeared in the 

literature. However, the few available user studies for such approaches focus only on short-term 

effects and are carried out in a lab or in a similar artificial setting. In this study, we aim instead at 

assessing the effectiveness of a mobile mindfulness app when used by people in their everyday 

contexts and over a prolonged period of time. People could participate in the study by downloading 

the app from Apple’s App Store as well as Google Play and by answering a mindfulness 

questionnaire at three pre-set times over a 4-week period. Moreover, the app automatically collected 

usage data each time it was used and qualitative feedback at the end of the study. Results reveal that 

users with no or minimal experience with meditation significantly increased their level of 

mindfulness over the 4-week study period. Moreover, the qualitative feedback provided by 

participants indicates that the app was positively perceived as beautiful and its usage elicited 

positive feelings in most of them. We discuss possible factors that could have contributed to the 

obtained results. Finally, we analyze how many users abandoned the study and at what times, 

comparing such data with other studies based on app stores distribution, and giving possible 

reasons. 

Keywords: mindfulness, mobile app, research in the large, longitudinal study, in situ study, app 

stores, meditation, naive meditators, experienced meditators, mindfulness training  
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1. Introduction 

Mindfulness has been described as the awareness that arises through “paying attention to the 

present moment on purpose and nonjudgmentally” (Kabat-Zinn, 1990). A fundamental component 

of mindfulness, called decentering, is “the ability to observe one’s thoughts and feelings as 

temporary, objective events in the mind, as opposed to reflections of the self that are necessarily 

true” (Safran and Segal, 1996) and “a state of awareness of internal events, without responding to 

them with sustained evaluation, attempts to control or suppress them, or respond to them 

behaviourally” (Wells, 2005). Decentering is considered particularly important in the literature 

because it can be helpful in reducing negative emotional states, such as anxiety, worry and 

ruminative thinking, by helping individuals realize that their thoughts are impermanent events in the 

mind, see e.g. (Hoge et al., 2015; Querstret and Cropley, 2013). Typically, decentering is achieved 

by practicing techniques that require individuals to be aware of their thoughts and to observe them 

while they pass by, without acting or grasping on them, and without trying to suppress them 

(hereinafter, we refer to this kind of practice1 as distancing from thoughts). 

Unfortunately, distancing from thoughts, as any other mindfulness practice can be difficult for 

people with no or minimal experience with meditation (in the following, naive
2
 meditators) (Kabat-

                                                
1 We use the term “practice” to refer to the act of performing meditation exercises, consistently with 

studies of mindfulness interventions, see e.g. (Chiesa and Malinowski, 2011; Keng et al., 2011) for 

reviews. 

2 While we are aware that the term “novice” is used in HCI to indicate users that are new to a task, 

in this paper we use the term “naive” to refer to people with no or minimal experience with 
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Zinn, 2005; Segal et al., 2002). This fact has captured the attention of the HCI community that has 

started proposing new, computer-based interactive approaches to help people practice mindfulness, 

e.g. (Thieme et al., 2013; Vidyarthi et al., 2012). In (Chittaro and Vianello, 2014), we proposed a 

smartphone app, called AEON, specifically aimed at helping people practice distancing from 

thoughts, and we evaluated it with a lab experiment. The study contrasted the app with two 

traditional techniques for distancing from thoughts that are not based on technology. AEON 

obtained better results in terms of achieved level of decentering, perceived level of difficulty and 

degree of pleasantness. 

However, although the evaluation showed that AEON can help people in achieving decentering, it 

was carried out within a lab setting and it measured only short-term effects. These limitations are 

typical threats to the external validity of a study and are common to all studies of computer-based 

mindfulness proposed in the literature so far. A lab, or a similar artificial setting, does not reflect the 

many different contexts and situations in which a mindfulness application can be used by people in 

their everyday life. In general, although such settings allow researchers to control for unsystematic 

variables and thus increase the internal validity of a study, the obtained results cannot be easily 

generalized to other contexts, and there is a need to conduct studies that can include the real-world 

contexts of use (Henze and Pielot, 2013; Henze et al., 2013). 

For these reasons, we carried out a 4-week study aimed at assessing the effectiveness of the AEON 

app when used over a prolonged period of time in the users’ everyday contexts. 

 

The paper is organized as follows: Section 2 briefly reviews recent research on computer-supported 

mindfulness techniques and introduces the “research in the large” approach to evaluation. Section 3 

                                                                                                                                                            
meditation, consistently with meditation studies, see e.g. (Moore and Malinowski, 2009; Soler et 

al., 2014; Thompson and Waltz, 2007). 
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presents the method for the current study, whose findings are illustrated in Section 4 and discussed 

in Section 5. Finally, Section 6 draws conclusions and outlines future work. 

 

 

 

 

2. Related work 

2.1. Computer-supported mindfulness 

Mindfulness techniques were historically associated to Eastern meditation practices that have their 

roots in Buddhist teachings (Gunaratana, 2002). From the 1970s, independently of any specific 

circumscribed philosophy or system of practices, such techniques began to be included in 

manualized interventions for treating a variety of psychological and physical problems in clinical 

and non-clinical populations (Chiesa and Malinowski, 2011; Keng et al., 2011). The first 

intervention of this kind was the Mindfulness-Based Stress Reduction program (MBSR) (Kabat-

Zinn, 1990),  i.e. a 8- to 10-week program in which a group of up to 30 participants meets weekly 

for 2–2.5 h sessions together with an all-day (7–8h) intensive session usually held around the sixth 

week. MBSR includes several exercises to help practitioners cultivate mindfulness, such as 

distancing from thoughts (see Introduction section) and mindful breathing, i.e. a practice that 

requires practitioners to direct their attention to the sensations of breathing and to be aware of it in 

each moment. When practitioners note that the mind has wandered away, they simply have to 

observe non-judgmentally what has happened and to bring the attention back to breathing (Baer, 

2003). For a more detailed description of MBSR and other mindfulness-based interventions, see 

(Chittaro and Vianello, 2014). 

 

Recently, the HCI community has started proposing computer-based approaches aimed at 

supporting people in mindfulness practices. In the following, we focus on the approaches that turn 
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mindfulness exercises into novel experiences in which the user interacts with the computer 

application during the practice (interactive practices, in the following).  

 

The Meditation Chamber (Shaw et al., 2007) and Sonic Cradle (Vidyarthi et al., 2012) propose 

interactive practices for mindful breathing. They both consist of immersive installations in which 

users can interact via their respiration (and also via other physiological parameters in the case of the 

Meditation Chamber) to control visual or audio content respectively. In this way, they offer users a 

tangible target to focus their attention on and invite its re-direction if it has drifted away. The 

Meditation Chamber, which comprises also muscle relaxation techniques, was shown to be 

effective at promoting relaxation, see (Shaw et al., 2007), while the qualitative study described in 

(Vidyarthi and Riecke, 2014) revealed that by using Sonic Cradle participants experienced some 

subjective elements typical of mindfulness meditation, such as reduced thought and clarity of mind. 

Moreover, participants described their experience with Sonic Cradle as relaxing and desirable, 

while experienced meditators suggested it was easier to engage with Sonic Cradle compared to their 

prior experiences with meditation. 

The Mindfulness Sphere (Thieme et al., 2013) relies on heartbeat rather than breathing perception 

as an object of user’s attention. The system is specifically aimed at introducing mindfulness in an 

intervention targeting women with a dual diagnosis of Learning Disability and Borderline 

Personality Disorder. It consists of a 12-cm diameter sphere that can sense the heartbeat of the user 

who touches it and translates it into visual and tactile feedback through multicolor LEDs or soft 

vibrations. However, this interactive practice was not formally evaluated and thus its effectiveness 

in promoting mindfulness remains unknown. 

Finally, Yu et al. (2012) proposed two systems to support users in practicing walking meditation, 

i.e. a mindfulness practice that focuses attention on breathing combined with walking. More 

specifically, the technique requires users to slowly walk by lifting the foot with heel first while 

breathing in, and land the foot with toes first while breathing out. The first system (Walking-Aware 
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System, WAS) aims at enhancing users’ awareness of walking and consists of a pair of shoes 

equipped with three force sensors, while the second system (Breathwalk-Aware System, BAS) aims 

at fully supporting walking meditation by introducing also respiratory sensors. For both systems, 

the interactive practice is supported by a mobile app that provides walking (WAS and BAS) and 

breathing (BAS) guidance and feedback. Results of two studies (Yu et al., 2012) showed the 

effectiveness of WAS and BAS in increasing user’s awareness of walking and support the practice 

of walking meditation, respectively. 

 

Unfortunately, all the computer-based mindfulness approaches surveyed above require special 

hardware and settings that are scarcely accessible to the general public.  

For this reason, we opted instead for smartphone platforms to increase the opportunities and the 

contexts in which users can practice, as our mobile app can run without additional equipment on 

common smartphones that follow users everywhere. The app, called AEON, aims at helping users 

practice distancing from thoughts and was first proposed in a previous paper (Chittaro and Vianello, 

2014) that included a lab study. To the best of our knowledge, that study was the first to formally 

evaluate a mobile mindfulness app, while none of the mindfulness apps available on online stores, 

such as Apple’s App Store or Google Play, has undergone such scientific scrutiny, as remarked in a 

recent review of mindfulness apps (Plaza et al., 2013). 

AEON allows users to enter their thoughts into the smartphone and then visualizes them as written 

in ink on a parchment under water. Users can interact with the water by moving their finger 

anywhere on the screen. In this way, they produce dynamic waves that progressively dissolve the 

written thought. The water simulation aims at offering users a tangible visualization for a 

mindfulness exercise that does not rely on physical sensations as mindful breathing or walking 

meditation do. Moreover, it aims at evoking in users the sensation that each thought is 

impermanent. 
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To evaluate the effectiveness of the app in helping users achieve decentering, in (Chittaro and 

Vianello, 2014) we contrasted the practice of distancing from thoughts with AEON and with two 

traditional techniques that are not based on technology. Results revealed that AEON was able to 

produce a better level of decentering, measured with the Toronto Mindfulness Scale (Lau et al., 

2006), as well as better ratings in level of difficulty and degree of pleasantness. Finally, it was also 

the approach most preferred by users. 

 

In addition to the above described interactive practices, it must be noted that some researchers are 

using computers to teach mindfulness in the context of courses that follow an e-learning paradigm. 

In particular, some studies investigated the use of web pages, e.g. (Boggs et al., 2014; Krusche et 

al., 2013, 2012; Thompson et al., 2010), web-enabled smartphones, (Kristjánsdóttir et al., 2011; Ly 

et al., 2014; Nes et al., 2012) or smartphone apps (Ahtinen et al., 2013; Carissoli et al., 2015; 

Lappalainen et al., 2014; Lim et al., 2015; Morris et al., 2010; Yang et al., 2014), for presenting 

mindfulness-related teaching materials. However, such courses do not offer any interactive practice 

to users (in the following, we refer to them as non-interactive practices). 

Only the web-based course proposed by Glück and Maercker (2011) contained a small interactive 

practice. The web application showed participants a blue sky with a cloud that slowly wandered out 

of sight when they pressed the spacebar. Participants had to recognize any distressing thought, 

feeling or sensation that arose in their mind, label it non-judgmentally (e.g. acknowledge that one 

feels angry by simply labeling the internal image with “anger”) and imagine placing it on the cloud, 

watching it wandering out of sight. However, participants found this interactive practice to be more 

difficult than the traditional non-interactive techniques that were taught in the intervention. This 

could be due to the fact that this interactive practice provided only a very primitive level of support, 

giving users the burden to carry out most of the assigned task mentally. 
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This brief review of the literature on computer-supported mindfulness highlights two different 

situations. On one side, there are a few studies that showed the efficacy of interactive practices in 

helping naive meditators achieve mindfulness, but they consist of evaluations carried out in a lab or 

in a similar artificial setting that assess only short-term effects. On the other side, there are studies 

conducted over a prolonged period of time in everyday settings, but they analyze traditional 

practices taught without computers, see (Keng et al., 2011) for examples, or using computers only 

to provide teaching materials at a distance, see the previous examples in this section. Learning to 

practice traditional mindfulness techniques can be difficult for naive meditators (Kabat-Zinn, 2005; 

Segal et al., 2002), which can lead them to abandon the practice soon or to not obtain benefits from 

it. Interactive practices can instead offer experiences aimed at making it easier and more pleasant to 

approach mindfulness, as our previous study has shown.  

These considerations highlight a shortcoming in the current literature on computer-supported 

mindfulness, since no interactive practice has been evaluated in participants’ natural settings over a 

prolonged period of time. Such kind of study would allow investigating long-term effects of 

interactive practices. Moreover, the obtained results would have a greater ecological validity than 

those of the evaluations carried out so far (Miller, 2012). If an interactive practice is based on a 

smartphone app, the study could be carried out by employing research in the large, a methodology 

we introduce in the following section. 

 

2.2. Research in the large 

Research in the large is a methodology that embeds a research apparatus into a mobile app 

(hereinafter, research app) and makes it publicly available on app stores, such as Apple’s App Store 

or Google Play, to attract a possibly large number of users (Poppinga et al., 2012). Mobile apps can 

collect data from users as well as from devices and send it to the researchers through the Internet. In 

this way, researchers can gain data for statistical analysis, run studies with a heterogeneous sample 
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of participants and observe behavior in naturally occurring user contexts (Böhmer and Krüger, 

2014; Henze and Pielot, 2013; Miller, 2012). 

Although proposed only recently, research in the large has already been used for several studies – 

see Böhmer and Krüger (2014) for a review. In particular, this research methodology has been 

successfully employed for (i) proving the concept behind a research or acquiring additional insights, 

e.g. (Buddharaju et al., 2010; Wang, 2009; Zhai et al., 2009), or (ii) improving the design of a 

system following a user-centered design approach, e.g. (Karpischek et al., 2011; McMillan et al., 

2010). For example, Buddharaju et al. (2010) developed an app for measuring users’ calories spent 

due to their walking activities through the iPhone’s accelerometer. By making the app publicly 

available, they were able to collect a large amount of data about users’ body mass index and 

physical activities and prove the reasonability of their concept. McMillan et al. (2010) made a 

mobile game publicly available and, by collecting a huge amount of users’ quantitative and 

qualitative data, they were able to redesign it. Other studies employed research in the large for 

investigating a general research question or a research question inherently related to smartphones 

and apps usage, e.g. (Böhmer and Krüger, 2014; Böhmer et al., 2011; Budde and Michahelles, 

2010; Do et al., 2011; Ferreira et al., 2011; Girardello and Michahelles, 2010; Henze and Boll, 

2010; Henze et al., 2011b; Sahami Shirazi et al., 2011; von Watzdorf and Michahelles, 2010). For 

example, Sahami Shirazi et al. (2011) investigated the feasibility of real-time opinion sharing about 

TV shows through an iconic mobile user interface. To this purpose, they published a mobile app 

during the soccer world cup 2010 and run a 4-week observational study. Results show the 

feasibility of their approach and reveal that the use of the app created a sense of connectedness 

among users worldwide. Ferreira et al. (2011) focused instead on understanding users’ smartphone-

charging behavior. For this purpose, they published a mobile app that runs in background and 

collected data for 4 weeks. Results reveal different patterns of users’ battery charging behavior and 

allow the authors to propose methods to improve users’ experience with their battery life.  
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Finally, in addition to the above described purposes, other studies aimed at informing the research 

approach and providing guidelines for other researchers, i.e. (Blunck et al., 2013; Coulton and 

Bamford, 2011; Cramer et al., 2010; Ferreira et al., 2012; Henze et al., 2011a; Kranz et al., 2013; 

Pielot et al., 2011; McMillan et al., 2013; Miluzzo et al., 2010). 

In particular, these studies identified some challenges that must be taken into consideration when 

adopting this research methodology, such as the fact that research apps can be used in unpredictable 

ways or for a short period of time, or that it is difficult to obtain qualitative feedback from 

participants. 

 

The possibilities offered by research in the large have been recognized and exploited also in 

psychology (Miller, 2012). For example, it has been successfully used to conduct a cognitive 

psychology experiment (Dufau et al., 2011) or a psychology listening test (Bless et al., 2013). 

Interestingly, Killingsworth and Gilbert (2010) employed such research methodology to collect 

happiness and mindfulness reports from a large number of users, while Runyan et al. (2013) used it 

to deliver a behavioral assessment and intervention aimed at increasing self-awareness. However, 

the mobile apps used in such studies were only aimed at prompting specific questions to 

participants and did not provide any support to mindfulness practice. To the best of our knowledge, 

no study so far employed research in the large to evaluate a mobile mindfulness app. 

 

3. Study 

The goal of the present study was to evaluate the effects of using the AEON app in everyday 

contexts for a 4-week period of time. 

We employed a research in the large paradigm: participants could take part in the study by 

installing the app and accepting the study conditions that were shown after the first launch. To 

measure the level of participant’s mindfulness, we included into the app a mindfulness 

questionnaire that assessed decentering. Participants were asked to answer the mindfulness 
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questionnaire three times: (i) after acceptance of the study conditions (START), (ii) two weeks after 

(2WEEKS), and (iii) four weeks after (4WEEKS) the acceptance of the conditions. Finally, at the 

end of the four weeks, the app proposed to fill out an optional qualitative questionnaire. 

Since AEON was designed with naive meditators in mind, we also included a short initial 

questionnaire to distinguish naive meditators from people with experience with meditation (in the 

following, experienced meditators). This distinction allows us to investigate possible differences 

between the two categories of participants.  

 

 

3.1. Hypothesis 

Since our previous evaluation of AEON revealed that the app can help people achieve decentering 

during a short usage session, we hypothesized that the prolonged use of the app could help them 

cultivating such mindful state and improving it over time. In particular, we expected participants’ 

level of decentering to grow after two and then after four weeks of app use. 

The study of effects on experienced meditators was instead more exploratory in nature. Indeed, 

experienced meditators might already show high levels of decentering at the beginning of the study, 

and using the mobile app might not necessarily be beneficial to them, because, if they are already 

well trained in mentally practicing distancing from thoughts, a technological adjunct that introduces 

to the practice might be more hindrance than help. 

 

3.2. Materials and Apparatus 

The AEON app was originally developed on the iOS platform for our initial lab experiment 

(Chittaro and Vianello, 2014). For the current study, we ported the app to the Unity development 

environment (Unity Technologies, 2005) to make it multi-platform (Android and iOS). In this way, 

we extended the potential population of participants, as the two platforms might have different 
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types of users (Cramer et al., 2010), while providing an identical visual appearance and behavior of 

the app on the two operating systems. 

 

The app is organized in two main screens. The initial one is the “Thoughts List” screen (Figure 1), 

which shows the list of thoughts previously stored by the user into the app. Since some specific 

thoughts can be recurrent, this function was conceived to be of help for users in working 

immediately with them as they arise without having to re-enter them in the app each time. 

 

Figure 1: “Thoughts List” screen. 

 

The two buttons at the top allow the user to enter or delete thoughts in the list. Users can enter a 

thought by pressing the “New Thought” button and writing a maximum of 140 characters in the text 

area that appears. This choice was inspired by the length that popular communication tools, such as 

Twitter, offer for entering single thoughts in a computer. Users can instead delete one or more 

thoughts from the list by first selecting them and then by pressing the “Delete” button. 

The two buttons at the bottom allow the user to receive information about app usage (shown in a 

“Info” screen) or to launch the interactive practice. To practice distancing from thoughts, the user 

has first to select the thoughts (s)he wants to distance herself/himself from, by touching the 
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corresponding rows on the list and then tap the “Practice” button at the bottom-right of the 

“Thoughts List” screen.  

These instructions were provided to users by a quick tutorial shown the first time they launched the 

app (see Figure 2a and 2b). 

 

 

 

 

 

 

 

 

 

  

   (a)      (b) 

Figure 2: Tutorial of the “Thoughts List” screen. First page (a); second page (b). 

 

When the user presses the “Practice” button, the app switches to the “Practice” screen, which 

initially displays the first selected thought as written in ink on a parchment placed under water 

(Figure 3).  
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Figure 3: “Practice” screen. 

 

In the interactive practice, users can touch any point on the screen, triggering a circular wave 

(Figure 4a), or move their finger anywhere over the screen, triggering more chaotic waves (Figure 

4b). In this way, users can choose when and where to trigger waves and how strong the waves are, 

dissolving more or less ink (a quick tutorial presented these instructions the first time users entered 

the practice screen, see Figure 5). In particular, to dissolve a thought, users must cover with the 

finger a distance equal to seven times the diagonal of the screen (a single tap action counts as one 

seventh of the diagonal). The amount of covered distance makes the level of the opacity of the 

written thought decrease according to a non-linear function, which ensures that a thought does not 

dissolve quickly after a few users’ actions, but does it slowly and gently. In this way, users can have 

enough time to observe each thought while it is disappearing. 
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           (a)        (b) 

Figure 4: Triggering a circular wave (a) or more chaotic waves (b) in the “Practice” screen. 

 

 

Figure 5: Quick tutorial for the “Practice” screen. 

 

Each user can dissolve a thought at his/her own pace. Then, after the thought is completely 

dissolved, they can choose to move to the next selected thought by swiping with two fingers from 

the right to the left border of the screen. To align the interactive practice to the traditional distancing 

from thoughts exercises (Chittaro and Vianello, 2014), such swiping action is disabled when a 

thought is not completely dissolved. Indeed, distancing from thoughts requires users to fully 

observe the process of thought, i.e. when each thought originates, manifests and disappears. We 

also chose not to make the app automatically switch to the next selected thought, to avoid providing 

a possible disrupting experience to users. 
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If the dissolved thought was the last of the selected ones, the swipe action makes the app return to 

the “Thoughts List” screen. If the user wants to re-start the practice with the same selected thoughts, 

(s)he just has to tap the “Practice” button again. If the user wants to return back to the “Thoughts 

List” screen from the interactive practice, (s)he can do it at any moment, by swiping with two 

fingers from the bottom to the top border of the screen. 

The instructions for the swipe actions were presented by a quick tutorial shown after users dissolved 

a thought for the first time (Figure 6). In particular, the above described swiping actions were 

chosen to avoid augmenting the interactive practice with other elements, such as buttons, to go to 

the next thought or back to the “Thoughts List” screen, which could distract users from the 

mindfulness practice. 

 

Finally, to ensure that the interactive practice was identical for both versions of the app, we disabled 

the back button (available on Android devices) in the “Practice” screen. 

 

 

Figure 6: Swipe actions’ tutorial in the “Practice” screen. 

 

3.3. Measures 

3.3.1. Demographics and usage data  
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A short initial questionnaire included into the app (see Figure 8) was used to collect participants’ 

age and gender, and to identify naive meditators. To this purpose, we followed the criteria by Lau et 

al. (2006), who considered as naive meditators those participants having no experience at all or less 

than eight weeks of experience of daily practice with mindfulness or any form of meditation 

(including yoga, tai chi, and qi-gong). Thus, we asked participants if: (i) they had ever attended a 

course on or were practicing any form of meditation, e.g. mindfulness, yoga, tai-chi, qi-gong; (ii) 

they had ever practiced or were practicing daily meditation techniques for at least eight consecutive 

weeks. We considered as naive meditators those participants who answered (i) negatively both 

questions, or (ii) affirmatively only the first one. On the contrary, participants who answered 

affirmatively both questions were considered experienced meditators.   

During the study period, AEON logged the number of practice sessions (i.e., when the users entered 

the “Practice” screen), the amount of time participants spent in the practice sessions, and the 

number of different thoughts they practiced on. In particular, to support the logging of the number 

of different thoughts while guaranteeing users’ privacy, the app generated an anonymous 

alphanumeric code to identify each thought and sent to the server only that alphanumeric code (not 

the text of the thought). The app collected also some device characteristics, i.e. the operating 

system, the language that participants set in the device and the screen resolution. Finally, the app 

assigned a unique and anonymous alphanumeric code to each participant, generating it from the 

device identifier. 

All data was saved on the mobile device during the study and sent to a secure server when an 

Internet connection was available. 

 

At the end of the study, the data collected by the app was used to derive the values of the following 

variables for each participant: 

• total practice time: total amount of time (in seconds) the participant spent in practice 

sessions; 
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• daily practice times: practice time during each day of the study. If a practice session spanned 

two days, the practice time was associated to the day in which the session started; 

• distribution of practice sessions throughout the day: how the total number of practice 

sessions in a day is distributed (in percentage) on each of the single hours. If a practice 

session spanned two hours, the session was associated to the hour in which the participant 

started practicing; 

• total days of practice: total number of days in which the participant practiced distancing 

from thoughts during the study period; 

• total number of thoughts: total number of different thoughts on which the participant 

practiced distancing from thoughts during the study period. 

 

3.3.2. Decentering 

Decentering was measured with the 11-item Decentering Subscale of the Experience Questionnaire 

(DEQ) (Fresco et al., 2007), which was included into the app (see Figure 9). The subscale includes 

items such as “I am better able to accept myself as I am” or “I am not so easily carried away by my 

thoughts and feelings” - the full list of items is available in (Fresco et al., 2007). Items are rated on a 

5-point scale (“never”, “rarely”, “sometimes”, “often”, “all the time”) where “never” corresponds to 

1 and “all the time” to 5.  Ratings are summed to obtain an overall score that can range from 11 to 

55. We measured internal reliability with Cronbach's alpha, α=.86 (START), .88 (2WEEKS), .93 

(4WEEKS). 

 

3.3.3. Qualitative feedback 

The optional qualitative questionnaire presented at the end of the study contained six open-ended 

questions that asked participants about their experience with the app (see Table 1). The 

questionnaire was included into the app and participants could write their answers in the text area 

that was available below each question (see Figure 10). 
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Table 1: Questions of the qualitative questionnaire. 

 

3.4. Method and Procedure 

The study was based on a within subjects design with the assessment point (START, 2WEEKS and 

4WEEKS) as independent variable. 

We released AEON on Google Play the 21st of February 2014 and on Apple’s App Store on the 

11th of March, and participants with devices running at least Android 4.0.3 or iOS 7 could 

download it for free. On both app stores, the app was listed under the “Health & Fitness” category 

with the title “AEON Mindfulness app”. In this way, participants could find it both by browsing the 

app category or by searching for apps using “mindfulness” as keyword. 

English was the language used by the app menus and tutorial, but participants were able to enter 

their thoughts for the interactive practice in their preferred language. To encourage participants in 

using the app and answering the mindfulness questionnaire during the study period, we defined an 

incentives mechanism, following the general suggestions of previous studies that employed a 

research in the large paradigm, e.g. (Ferreira et al., 2012; Henze et al., 2011a; Miluzzo et al., 2010). 

In the following, we describe the whole experimental procedure, while the incentives are described 

in more detail at the end of this section. When launched for the first time, the app informed 

participants that by using it they would participate in a study. Purpose of the study, data collected 

N. Question 

1 What did you think while you were using the app? 

2 How did you feel while you were using the app? 

3 Did you notice anything new in your days or in yourself during the period of the 

study? 

4 Did you relate to your worries or think about them differently during this period? 

5 Now that you are familiar with the app, what do you think about it? 

6 Is there anything that you would change or improve in the app? 
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and anonymization measures were briefly explained. Additional information on the app and the 

terms and conditions of use were available to participants through two optional screens. Participants 

were then asked to use the app for a period of four weeks. As an incentive, the app informed 

participants that at the end of the study it was going to: (i) remain free to use, and (ii) unlock new 

“cool” features (see Figure 7). 

 

 

 

Figure 7: Screen shown by the app after its first launch. 

 

When participants gave their consent to participate in the study, the app asked them to fill (i) the 

initial short questionnaire depicted in Figure 8 and (ii) the mindfulness questionnaire (see Figure 9). 
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           (a)           (b) 

Figure 8: Initial questionnaire: demographic questions (a); questions to identify naive and 

experienced meditators (b). 

 

 

 

 

 

 

 

 

 

                     (a)                                                                          (b) 

Figure 9: Mindfulness questionnaire: instructions (a); the first two items (b). 

 

The app exploited the notification system of the smartphone to ask participants to fill out again the 

mindfulness questionnaire two and four weeks after they filled it the first time. Each time, 

participants were told that by answering the questionnaire they were going to receive new app 

features at the end of the study. 

After receiving the notification, participants could answer the questionnaire within three days. This 

was done to give participants the opportunity to answer the questionnaire at a convenient time when 

they were not in a rush and, at the same time, to ensure that they answered within the same limited 
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number of days. If they did not answer within three days, they were excluded from the study. In this 

case, the app stopped collecting data, remained free to use but did not unlock new features. 

After completing the third mindfulness questionnaire at the end of the study, participants received a 

proposal from the app to fill out the optional qualitative questionnaire (see Figure 10) and were 

informed that an extra feature was going be unlocked if they answered also that questionnaire. To 

further motivate participants to answer the questionnaire, the app did not disclose what the extra 

feature was: they had to answer the questionnaire to discover it. 

 

 

Figure 10: Qualitative questionnaire.  

 

Finally, the app thanked participants for their participation in the study and illustrated them the new 

features that were unlocked, i.e. the possibility to choose among a set of different backgrounds for 

the “Practice” screen and the possibility to see a line graph of their three measurements of 

mindfulness taken during the study. Participants who answered the qualitative questionnaire 

unlocked also an extra feature (water sound effects during the interactive practice, that could be 

turned on or off). 

 

4. Results 
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4.1. Demographics and usage data  

Table 2 shows the number of users who completed each of the following steps with the app between 

the 21st of February (11th of March for the iOS version) and the 8th of October 2014: (i) download, 

i.e. downloading and installing of the app, (ii) accept conditions, i.e. clicking on the “Accept” 

button in the initial screen (Figure 7), (iii) initial questionnaire, i.e. completion of the questionnaire 

in Figure 8, (iv) mindfulness START, i.e. completion of the mindfulness questionnaire (Figure 9) at 

the beginning of the study, (v) mindfulness 2WEEKS, i.e. completion of the mindfulness 

questionnaire after two weeks, (vi) mindfulness 4WEEKS, i.e. completion of the mindfulness 

questionnaire after four weeks, and (vii) qualitative questionnaire, i.e. completion of the optional 

qualitative questionnaire (Figure 10). For each step, the table indicates on how many Android and 

iOS devices it was completed. From step (iii) on, it provides also the number of naive meditators 

(NM) and experienced meditators (EM). Finally, from step (iv) on, it also highlights on how many 

devices the interactive practice was used (Practice used) and on how many it was never used during 

the study (Practice never used). 

 

Completion of step Total devices Practice used  Practice never used 

(i) Download 3979 (2791 Android, 

1188 iOS)a 

  

(ii) Accept conditions 2997 (2132 Android, 

865 iOS) 

  

(iii) Initial 

questionnaire 

2891 (2065 Android, 

826 iOS; 2549 NM, 

342 EM) 

  

(iv) Mindfulness 

START 

2817 (2009 Android, 

808 iOS; 2485 NM, 

1540 (1127 Android, 

413 iOS; 1374 NM, 

1277 (882 Android, 395 

iOS; 1111 NM, 166 
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332 EM) 166 EM) EM) 

(v) Mindfulness 

2WEEKS 

386 (255 Android, 131 

iOS; 326 NM, 60 EM) 

348 (231 Android, 

117 iOS; 295 NM, 53 

EM) 

38 (24 Android, 14 

iOS; 31 NM, 7 EM) 

(vi) Mindfulness 

4WEEKS 

147 (96 Android, 51 

iOS; 128 NM, 19 EM) 

136 (89 Android, 47 

iOS; 120 NM, 16 

EM) 

11 (7 Android, 4 iOS; 8 

NM, 3 EM) 

(vii) Qualitative 

questionnaire 

66 (46 Android, 20 

iOS; 54 NM, 12 EM) 

62 (43 Android, 19 

iOS; 52 NM, 10 EM) 

4 (3 Android, 1 iOS; 2 

NM, 2 EM) 

a The count of iOS devices can be lower than the actual number of devices in which the app has been installed. Indeed, 
from iTunes Connect we could only get the number of installs by user and not the number of devices on which the same 
user installed the app.   
Table 2: number of participants for each step of the study.  

 

The sample of our study was thus formed by the 136 participants who answered all three 

mindfulness questionnaires and practiced distancing from thoughts with the app. Based on 

participants’ self-reported data, there were 39 male and 97 female respondent in the sample, and 

there were 120 naive meditators and 16 experienced meditators. Figure 11 shows the distribution of 

participants’ self-reported age (M=37.85, SD=11.40). 
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Figure 11: Distribution of participants’ self-reported age. 

 

Table 3 reports data about participants’ device language. The most common language was English 

(69.1% of devices), followed by German (6.6%) and Swedish (5.1%). 

 

Language Frequency Percentage 

Arabic 1 0.7% 

Chinese 1 0.7% 

Czech 1 0.7% 

Danish 2 1.5% 

Dutch 6 4.4% 

English 94 69.1% 

French 2 1.5% 
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German 9 6.6% 

Hungarian 1 0.7% 

Italian 4 2.9% 

Portuguese 2 1.5% 

Russian 1 0.7% 

Slovenian 1 0.7% 

Spanish 2 1.5% 

Swedish 7 5.1% 

Unknown* 2 1.5% 

* We collected device language with a function available in the Unity development environment (Unity Technologies, 

2005). Such function can recognize 42 languages (Unity Technology, 2015). 

Table 3: Participants’ device languages and their frequency. 

 

Figure 12 illustrated data about participants’ device resolution. The most common resolution was 

1080x1920 (19.1% of devices), followed by 720x1280 (13.2% of devices) and 480x800 (12.5% of 

devices). 
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Figure 12: Participants’ device resolution. 

 

Figure 13 shows when the user practiced during the day, considering the practice sessions of all 

participants. The highest percentages of sessions occurred during evening hours (10.2% of sessions 

start during 21:00-21:59, while 10.8% start during 22:00-22:59) and 44.9% of sessions start during 

18:00 to 00:59. 
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Figure 13: Percentage of practice sessions throughout the day, considering all participants. 

 

Figure 14 shows the number of participants who practiced (active participants) for each day of the 

four weeks of the study. The number of active participants shows a quick drop after the first 4 days, 

displays a peak on the 15th day, and then drops again to low values until the end of the study. The 

mean of active participants’ practice time during each day of the study ranged from 77.14 to 278.08 

s (M=163.92, SD=53.68). 
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Figure 14: Active participants per day. 

 

Figure 15 shows for how many days participants practiced with the app through a frequency 

distribution. Participants who used the application for most of the days are rare: the distribution 

reaches the highest values between 1 and 6 days of practice.  
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Figure 15: Frequency distribution of participants’ days of practice. 

 

Table 4 shows participants’ total number of thoughts. The most frequent case is the 1-5 range.  

Number of thoughts Number of participants Percentage 

1-5 97 71.3% 

6-10 21 15.4% 

11-15 6 4.4% 

16-20 4 2.9% 

21-25 2 1.5% 

26-30 2 1.5% 

31-35 2 1.5% 

41-45 1 0.7% 

96-100 1 0.7% 

Table 4: Total number of thoughts and their frequency. 
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4.2. Decentering 

Figure 16 shows the mean level of decentering of naive and experienced meditators on the three 

assessment points. The scores were analyzed with a two-way mixed design ANOVA with 

Greenhouse-Geisser correction. The within-subject variable was assessment point (START, 

2WEEKS, 4 WEEKS) and the between-subject variable was experience with meditation (naive 

meditator, experienced meditator). The analysis revealed a significant main effect for both 

experience with meditation (F(1,134)=9.10, p<.01, η2
G=.05), with experienced meditators achieving 

higher levels of decentering than naive ones, and for assessment point (F(2,268)=12.80, p<.001,  

η
2

G =.02), and the interaction did not attain significance (F(2, 268)=1.64, p=.20). The main effect of 

assessment point was then investigated by carrying out t-test pairwise comparisons with Bonferroni 

correction. For naive meditators, the post-hoc analysis revealed a significant difference (p<.001) 

between START (M=31.14, SD=5.98) and 2WEEKS (M=33.94, SD=6.26), and a significant 

difference (p<.001) between START and 4WEEKS (M=35.67, SD=7.23): the level of decentering 

of naive meditators was higher after two as well as four weeks with respect to the beginning of the 

study. A significant difference (p<.01) was also found between 2WEEKS and 4WEEKS: the level 

of decentering of naive meditators was higher at the end of the study with respect to the 2WEEKS 

assessment. For experienced meditators, the post-hoc analysis found instead no significant 

differences in any pair of conditions. 



 33

 

Figure 16: Mean level of decentering (capped bars indicate ±1SE). 

 

The level of decentering increased from START to 2WEEKS for 61.8% of participants (64.2% of 

naive meditators, 43.8% of experienced meditators), from START to 4WEEKS for 70.6% of 

participants (71.7% of naive meditators, 62.5% of experienced meditators), and from 2WEEKS to 

4WEEKS for 58.8% of participants (57.5% of naive meditators, 68.8% of experienced meditators).  

 

We tested if the changes in the level of decentering correlated with days of practice, practice time 

and practice sessions, finding no significant correlations. 

 

4.3. Qualitative feedback 

Among the 136 participants who practiced distancing from thoughts with the app, 62 answered also 

the optional qualitative questionnaire. The qualitative questionnaires from three participants had to 



 34

be discarded, because two of them contained only random characters, while the third contained 

Swedish sentences. Considering the remaining 59 participants (50 naive meditators, 9 experienced 

meditators), we employed thematic analysis (Braun and Clarke, 2006) for each question to identify 

common themes, and group together similar answers. In the following, we summarize such 

categorization for each question. 

 

4.3.1. First question 

Almost half of the participants (47.5%) who answered the qualitative questionnaire indicated that, 

when using the app, they thought it was helpful. In particular, 28.8% of participants thought that the 

app was useful to distance themselves from their thoughts or worries or see them as external 

objects. Interestingly, one participant remarked that the app helped him realize that he was not his 

thoughts. 

A group of participants (20.3%) highlighted that they liked the app and enjoyed using it. Another 

group (13.6%) mentioned instead confusion about how to use the app properly or skepticism about 

its usefulness. 

Finally, 11.9% of the respondents said that they focused on their thoughts or worries when using the 

app, 6.8% said that they did not think about anything special, and one said he tried not to think at 

all. 

 

4.3.2. Second question 

The usage of AEON elicited positive feelings in the majority of participants (84.7%) who answered 

the qualitative questionnaire, with relaxation and peacefulness as the most mentioned positive 

feelings (49.2%), followed by a sense of well-being (23.7%). 

A few respondents (5.1%) indicated that they did not experience any particular feeling when using 

the app, while 6.8% of participants reported also in this question that they were confused about how 
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to use the app or skeptical about its effectiveness. Finally, for 5.1% of respondents, using AEON to 

face their thoughts sometimes elicited negative feelings such as sadness. 

4.3.3. Third question 

The majority (76.3%) of participants who answered the qualitative questionnaire mentioned that 

they experienced something new during the period of the study. In particular, a group of 

respondents (15.3%) said that they were more mindful or aware of themselves; another group 

(23.7%) reported that they were better able to handle or distance themselves from their thoughts, 

including negative ones; and one participant said both things. Other participants referred to a sense 

of calmness (10.2%) or well-being (8.5%). However, 13.6% of respondents were not sure whether 

such new feelings were due to the use of AEON or external factors. 

Finally, 23.7% of respondents said that they did not experience anything new during the period of 

the study. Three of these participants provided an explanation, i.e. they barely used the app. 

 

4.3.4. Fourth question 

The majority (81.4%) of participants who answered the qualitative questionnaire revealed that 

during the period of the study they related to their thoughts, worries or feelings differently. In 

particular, they stated that the app was helpful for (i) seeing their worries as more external objects 

(25.4%), (ii) not reacting in response to their thoughts (10.2%), and (iii) distancing from their 

thoughts (8.5%). For 18.6% of respondents, these different perspectives toward their thoughts, 

worries or feelings were experienced only slightly or only sometimes. 

Finally, 16.9% of respondents did not relate to their thoughts, worries or feelings differently during 

the study period. 

 

4.3.5. Fifth question 
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The majority (66.1%) of participants provided positive opinions about the app. In particular, 40.7% 

of respondents said they liked the app and 28.8% said it was useful. Other respondents (8.5%) 

explicitly mentioned they were going to keep using the app in the future. 

The negative opinions (11.9% of respondents) mentioned instead that the app was not easy or clear 

to use, or that it was too simple to be useful. 

 

4.3.6. Sixth question 

Participants who answered the qualitative questionnaire provided some suggestions for 

improvement. The most frequent one, provided by 11.9% of respondents, is the possibility to 

receive more instructions about how to practice distancing from thoughts in a proper way or advice 

on the thoughts to enter into the app, such as a list of common thoughts that people might have. 

Other suggestions were to extend the app with more interactive practices to support other 

mindfulness exercises in addition to distancing from thoughts (given by 10.2% of respondents); to 

offer background music or ambient sounds (5.1% of respondents); receive reminders to use the app 

(6.8% of respondents) or usage statistics (5.1% of respondents). 

 

5. Discussion 

5.1. Demographics and usage data 

The data collected by the app reveal that 2997 out of the 3979 users who downloaded the app 

accepted to take part into the study. This loss of potential participants (24.7%) could be explained 

by the fact that users are not accustomed to participate in a study by downloading and using 

research apps (Ferreira et al., 2012) and, in our case, they had no option to opt-out from the study 

but quitting the app after reading the “Accept” screen. The fact that these participants downloaded 

and run the app suggests that they were interested in trying it. However, when informed that trying 

the app required to participate in a study and that their questionnaire data was going to be sent to the 

researchers, they changed their mind. Another reason for this initial loss of participants could be 
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that users encountered technical difficulties when installing and/or launching the app the first time. 

This could have let them to uninstall the app or not use it anymore.  

The percentage of users who accepted the conditions (75.3%) is in line with a previous study that 

employed research in the large and adopted the same mechanism to ask for user consent (Henze et 

al., 2011a), obtaining an acceptance rate of 81.3%. Other studies report varying percentages; 

acceptance was 87.6% in (Pielot et al., 2011), while it was 25.8% in (McMillan et al., 2010). The 

low acceptance rate of (McMillan et al., 2010) could be due to the fact that their app collected also 

users’ location data, suggesting that the more potential participants feel researchers are able to 

access their personal data, the more they are likely to change their mind about trying the app. 

Most users who accepted the conditions of the study answered also the initial questionnaire and the 

first mindfulness questionnaire. The few users from whom we did not receive such questionnaires 

(106 for the initial questionnaire, and 74 for the first mindfulness questionnaire) could have become 

concerned about disclosing such personal data or not interested in assessing their level of 

mindfulness, finding it tedious to complete the corresponding 11-items questionnaire. 

Focusing our attention on the 2997 participants who accepted the conditions to take part in the 

study, there are four things interesting to note. First, 41.3% of them answered the first mindfulness 

questionnaire, but never used the interactive practice and did not answer the second mindfulness 

questionnaire. Such users could have wondered whether their entered thoughts were transmitted to 

the researchers (the app did not say explicitly that the entered thoughts were not sent), changed their 

mind soon after answering the first mindfulness questionnaire, or expected a different content from 

the app. 

Second, only 12.9% answered the mindfulness questionnaire after two weeks, and only 4.9% also 

answered the same questionnaire after four weeks. Although this percentage is small, it is in line 

with previous research in the large conducted over a 4-weeks period (Sahami Shirazi et al., 2011), 

see Section 2.2, in which only 5.0% of participants answered the questionnaire at the end of the 

study. Evidence of the fact that research apps are used only for a short period of time, and thus 



 38

longer studies see large dropout percentages, emerges also from other studies that employed 

research in the large, e.g. (Ferreira et al., 2012; Henze et al., 2011a; Miluzzo et al., 2010). As 

suggested by Miluzzo et al. (2010), this could be due to the fact that users are not accustomed to use 

research apps and need to perceive they are receiving clear benefits from using them, otherwise 

they use such apps rarely or for a short period of time. Moreover, according to recent market 

research (Consumer Health Information Corporation, 2011), 26% of health apps in on-line stores 

are downloaded and used only once, and 74% of health app users drop out by the 10th app use.  

In our specific case, those who practiced with the app but dropped out might have expected to 

obtain immediate benefits in their everyday life. Unfortunately, mindfulness and decentering 

require time and regular practice to be developed and enhanced (Kabat-Zinn, 2003, 1990).  

Third, restricting attention to participants who answered the second and third mindfulness 

questionnaire, respectively 38 (3.1%) and 11 (0.9%) of those participants never practiced with the 

app. Such participants could have been willing to practice but never found the time to do it. 

Alternatively, they could have been caught up in the general tendency of people to escape or avoid 

contact with their internal experience, such as thoughts or worries (Kabat-Zinn, 2005, 1990). This 

could have led them to procrastinate the practice of distancing from thoughts, and once they 

reached the end of the study, they could have been only curious to see the new app features we 

promised to unlock. 

Finally, only 2.2% of participants who accepted the conditions to take part in the study answered 

also the qualitative questionnaire. This result confirms the fact that with research in the large it 

could be difficult to obtain qualitative feedback from users (Ferreira et al., 2012; Henze et al., 

2011a). On a positive side, most qualitative questionnaires we received from participants who 

practiced with the app (i.e., 59 out of 62) were carefully answered and useful to the research.  

The previously cited considerations on the brief use of health and research apps are confirmed by 

the usage data collected in our study. Indeed, the majority of participants used the interactive 

practice for a total number of days that ranged from 1 to 6 (see Figure 15), and the number of active 
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participants per day shows a quick drop after the first 4 days (see Figure 14). The sudden peak in 

the number of active participants toward the 15th day of the study is likely due to the notification on 

the 14th day with which the app asked participants to answer the second mindfulness questionnaire, 

which could have attracted attention towards the app, prompting them to use it. This suggests that 

notifications might contribute to make the app more used by some participants, as remarked also by 

some respondents to the qualitative questionnaire. 

 

The analysis of when participants’ practiced during the day shows that a high number of sessions 

(44.9%) took place during evening hours, from 18:00 to 00:59 (see Figure 13). According to 

mindfulness teachers, e.g. (Gunaratana, 2002; Kabat-Zinn, 1990), a good time to meditate is during 

moments of relative peace and quiet, as it requires a sustained attention. Thus, although the app 

gave no instructions about when to use it, many participants could have naturally found that the 

evening was a peaceful and quiet moment for them to practice distancing from thoughts with the 

app. Taken together with participants’ desire of having reminders to practice that emerged from the 

qualitative feedback, this result suggests that many users could take advantage from the possibility 

of setting notifications for the evening as useful reminders to practice mindfulness. This feature can 

also lead users to use more a mindfulness app and benefit more from it. 

 

Finally, the data collected by the app highlights that AEON was used by participants on devices 

with 16 different languages (Table 3) and with 17 different screen resolutions (Figure 12). Although 

one cannot know for sure that the language participants set in their smartphone is their mother 

language, taken together these results can have enhanced the external and ecological validity of the 

study (Cramer et al., 2010; Henze and Pielot, 2013). Indeed, results can be more easily generalized 

to users from different cultural contexts and a variety of mobile devices. Moreover, instead of an 

artificial lab setting, the app was used in more naturalistic contexts.  
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Despite such considerations, a limitation of the present study is that participants could be 

predisposed towards technology, thus constituting a biased sample. However, this kind of users is 

the actual target of the AEON app, and the research in the large approach we employed in this study 

allowed us to evaluate the effectiveness of AEON with a larger and more heterogeneous sample of 

participants than our previous evaluation (Chittaro and Vianello, 2014). 

 

5.2. Decentering 

The analysis of mindfulness questionnaire data reveals that participants’ level of decentering 

increased during the study, and that the level of decentering was higher for experienced meditators 

than for naive meditators. 

The difference between naive and experienced meditators is quite predictable: experienced 

meditators are likely to have already cultivated a good level of decentering before using the app. 

Indeed, as outlined by Shapiro et al. (2006), if an objective shift in perspective toward the internal 

and external experience normally occurs in individuals’ development and growth across the 

lifespan, a regular mindfulness practice continues and accelerates this shift, thus resulting in higher 

levels of decentering. Our result is also consistent with a previous study that compared individuals 

with different meditation experience using the same questionnaire that we employed in our 

evaluation, i.e. (Soler et al., 2014). In particular, according to Soler et al. (2014) such questionnaire 

is sensitive to frequency and lifetime practice of meditation. This suggests that the questionnaire is 

suitable for comparing and distinguish samples with and without meditation experience. 

 

The analysis of decentering over time in our study showed that for naive meditators the level of 

decentering significantly increased after two and four weeks of app use with respect to the 

beginning of the study, and also between two and four weeks. Considering the whole period of 

study, the level of decentering of naive meditators increased by 4.32 (see Figure 16). Clinical 

studies that measured changes in the level of decentering during a 7- or 8-week mindfulness 
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intervention with the same questionnaire we employed in our evaluation, e.g. (Carmody et al., 2010; 

Hoge et al., 2015), revealed differences (between the beginning and the end of the study) which 

were larger (8.62 and 8.0, respectively) than ours. However, since in our study participants 

practiced for a much shorter period of time, we consider our result to be consistent.  

A possible explanation of this result is the fact that AEON provides users with an external 

visualization of their thoughts and of their disappearing. Such visualization could have helped naive 

meditators develop the ability to see their thoughts as external and temporary objects rather than 

inherent aspects of the self or as reflections of reality. This perspective on the internal experience, 

also referred to as reperceiving or metacognitive awareness, is fundamental to cultivate a 

decentering state (Shapiro et al., 2006; Teasdale et al., 2002; Wells, 2005). 

 

For experienced meditators, the post-hoc analysis did not reveal any statistically significant 

differences in level of decentering across the three assessment points. With their previous practice 

of mindfulness techniques, experienced meditators could have already developed the ability of 

distancing from thoughts. Moreover, if their previous practice was regular, they could also have 

developed mindfulness at the trait level (Carmody and Baer, 2008), i.e. the capacity of being 

mindful in their everyday life (Thompson and Waltz, 2007). As any trait-like quality, trait 

mindfulness tends to be stable over time (Brown et al., 2007). 

However, it is interesting to note that the trend in the level of decentering over time shown in Figure 

16 is positive also for experienced meditators. Therefore, the pessimistic scenario of a detrimental 

effect on experienced meditators that we had considered as a possibility in Section 3 did not occur. 

Overall, these results suggest that the use of AEON can help naive meditators increase their level of 

decentering and that it might be useful also for experienced ones. Evidence on the effectiveness of 

the app emerges also from the answers provided by respondents to the qualitative questionnaire. 

Indeed, some participants commented that when using the app they focused on their thoughts or 
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worries. This suggests that the use of the app can help people focus on their internal experience, 

which is the first step to achieve decentering (Shapiro et al., 2006). 

Moreover, the qualitative feedback reveals also that most participants related to their thoughts 

differently by using AEON. In particular, some of them explicitly remarked that the app helped 

them distance themselves from their thoughts or feelings, including the negative ones. Some 

participants highlighted also that the app was useful to see their worries as external objects, while 

others said that AEON helped them not to react in response to their thoughts. For some participants, 

the app was also useful to be more mindful or aware of their thoughts or in general. Overall, these 

considerations suggest that the app helped users achieve a detached stance toward their thoughts 

and feelings, which includes an increased awareness of them and the ability to let them go instead 

of reacting or grasping on them. Interestingly, this stance is a desired outcome of decentering 

(Fresco et al., 2007; Safran and Segal, 1996; Wells, 2005). Thus, participants’ qualitative feedback 

supports the quantitative results we obtained from the questionnaires and provides additional 

evidence on the effectiveness of the app. 

In addition, considering that the majority of participants did not practice with the app very 

frequently, the obtained results might suggest that also a short use of the app can be beneficial to 

users. Even practicing for a few sessions could have been sufficient for evoking in participants a 

reflection on the transitory nature of their thoughts. However, it is not known if the effect lasts for 

more than 4 weeks. Thus, future evaluations should (i) introduce a follow-up assessment point as 

done in some clinical studies of mindfulness interventions, e.g. (Bieling et al., 2012), and (ii) extend 

the evaluation period to 8 weeks as the length of the mindfulness programs employed in those 

decentering studies, e.g. (Bieling et al., 2012; Carmody et al., 2010; Hoge et al., 2015). This would 

offer the possibility to investigate whether the effects of the app on people last after a period of 

usage. Moreover, we cannot exclude that other factors, different from the interactive practice, 

contributed to the obtained result. In particular, we should consider that the version of AEON in the 

study did not provide users only with the interactive practice (as the original AEON did), but 
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included also the mindfulness questionnaire they had to answer three times during the 4 weeks to 

assess the decentering variable. Since the act of responding to a mindfulness questionnaire itself 

may exert a positive influence on the development of mindfulness (Bergomi et al., 2013), one could 

hypothesize that the questionnaire items might too have encouraged in participants a reflection on 

the nature of their thoughts and contributed to change their perspective on them. 

 

To explore this consideration, we analyzed data of the 11 participants (8 naive and 3 experienced 

meditators) that answered the questionnaire three times, but had to be excluded from the study 

because they never practiced. Although the small number of participants in the two groups does not 

allow us to carry out the statistical analyses performed in the study, the trend for these participants 

looks positive (see Figure 17). This suggests that the possible role of the questionnaire is worth 

investigating further, for example by assigning some users to a version of the app that only allows 

them to answer the mindfulness questionnaire during the first 4 weeks and makes the interactive 

practice available only at the end of the fourth week. By comparing the answers to the mindfulness 

questionnaires of this group with those of participants who practiced with the app could allow us to 

better investigate the effectiveness of the interactive practice. Moreover, we are also considering 

adding a third condition in our future studies, i.e. a non-interactive version of the app that offers a 

visualization of entered thoughts that disappear automatically. Overall, this could allow us to 

evaluate separately the role of the external visualization of thoughts, the user interaction with them, 

and the mindfulness questionnaire in improving mindfulness. This study setting would also allow us 

to replicate the organization of those studies of clinical mindfulness interventions, see e.g. (Keng et 

al., 2011) for a review, where one group of participants that followed a mindfulness course is 

compared to one or more groups of participants who only answered the mindfulness(s) 

questionnaire(s) and/or underwent another psychological treatment during the period of the study. 
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Figure 17: Mean level of decentering of the 11 (8 naive, 3 experienced) excluded participants 

(capped bars indicate ±1SE). 

 

Another limitation of the current study, shared with other research in the large studies, is the lack of 

control on how participants use the app, which can possibly threaten internal validity of the study. 

However, according to Henze and Pielot (2013) the larger the sample of the study, the more 

individual differences and contextual factors could be factored out. 

 

5.3. Qualitative feedback 

In addition to the effectiveness of the app (see previous Section), the feedback provided by 

participants reveal that using the app elicited positive feelings in the majority of them, with 

relaxation and well-being as the most commonly reported. Other than the effects of mindfulness 

practice, which can promote positive emotional states (Brown and Ryan, 2003), a possible factor 
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that could have contributed to this result is the fact that passive or active interactions with nature or 

natural elements on a computer, e.g. looking at images of nature on a computer screen or exploring 

a natural 3D environment, can have a restorative effect on people, including stress reduction, 

relaxation and an overall restoration in energy and well-being, see e.g. (Bates and Marquit, 2011; 

Berman et al., 2008; Valtchanov et al., 2010). In our case, the interactive practice lets users directly 

interact with a simulated natural element and see the effect of their actions on it. Another factor that 

could have contributed to this result is that participants directly acted on the visualization of their 

thoughts and made them virtually disappear, which could have provided a relieving effect, as 

remarked by a few participants.  

These considerations could also explain the fact that a high number of participants found the app 

beautiful. Moreover, in addition to the positive feelings elicited in participants, also the visual 

stimuli offered by the water simulation might have made participants like the app, since it could 

have been perceived as esthetically pleasant. Overall, these results suggest that turning the practice 

of mindfulness into an interactive exercise that involves a natural element can offer users a pleasant 

and enjoyable experience. These factors can help people approach mindfulness as well as motivate 

them to practice it more frequently. 

 

6. Conclusions and future work 

In the present study, we investigated the effects of using a mobile mindfulness app (AEON) in 

everyday contexts during a 4-week period. People could participate in the study by downloading 

AEON from on-line app stores and by answering a mindfulness questionnaire three times: at the 

first launch of the app and after two and four weeks, respectively. Finally, they could answer an 

optional open-ended qualitative questionnaire at the end of the study. 

The obtained results show that using the app can help naive meditators increase their level of 

decentering over time. They reveal also that the app was perceived as useful and beautiful by 

participants, and its usage elicited positive feelings.  
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To the best of our knowledge, this is the first quantitative study that evaluates a mobile mindfulness 

app when used by people in their everyday contexts and over a prolonged period of time. In this 

way, the present study can have a greater external and ecological validity compared to the 

evaluation of interactive mindfulness practices carried out so far. 

Results also confirm a limitation of using research in the large for carrying out longitudinal studies. 

Indeed, only a small percentage of the initial participants reached the end of the study. Thus, future 

work should consider other ways of keeping participants engaged during all the study period. For 

example, rewards can be distributed along the period instead of giving them all at the end as we did 

in this paper. In addition, notifications can be used to remind users to practice (the peak we obtained 

on the 15th day seems to suggest that notifications could affect some users). 

The use of notification and distributed rewarding mechanisms could make it easier to retain 

participants in a future, longer study. For example, studies of meditation-oriented approaches (such 

as MBSR and MBCT) that go beyond short-term effects tend to last between one to three months, 

although they are relatively rare (Tang et al., 2015). In our case, considering the fact that people 

tend to use mobile apps little and for a short period of time (Consumer Health Information 

Corporation, 2011), extending too much the period of evaluation seems to be an unfeasible option 

to keep participants engaged until the end. As a possible solution, we could consider a study period 

of 8 weeks as the length of the mindfulness programs employed in other decentering studies, e.g. 

(Bieling et al., 2012; Carmody et al., 2010; Hoge et al., 2015). 

In future studies, we will also employ a control group and a non-interactive version of the app, as 

we discussed in Section 5. Moreover, we will extend the investigation of the possible effects of the 

app to the broader context of supporting physical and psychological health, in line with traditional 

mindfulness interventions in clinical settings (Keng et al., 2011). As a specific example, we have 

started collaborating with sexologists to employ AEON as an adjunct in the treatment of men’s 

premature ejaculation and women’s vaginal anorgasmia. A positive role that AEON might play in 



 47

such therapeutic interventions is that of helping patients distance themselves from the distressful 

recurring thoughts that typically arise in such cases. 

Finally, we are also considering the possibility to use voice input for entering thoughts, a feature 

that has started to be explored in the field of Cognitive Behavioral Therapy (Jain and Kala, 2014). 

However, one should consider that while voice input can make it easier for people to enter their 

thoughts, it restricts the usage of the app only to contexts in which users are alone. Indeed, it can be 

socially uncomfortable (and in some cases even odd) to speak loudly one's worries in presence of 

other people.  
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