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Abstract: Computer-supported mindfulness (CSM) is a burgeoning area filled with varied approaches
such as mobile apps and EEG headbands. However, many of the approaches focus on providing
meditation guidance. The ubiquity of mobile devices may provide new opportunities to support
mindfulness practices that are more situated in everyday life. In this paper, a new situated
mindfulness approach is explored through a specific mobile app design. Through an experimental
design, the approach is compared to traditional audio-based mindfulness meditation, and a mind
wandering control, over a one-week period. The study demonstrates the viability for a situated
mobile mindfulness approach to induce mindfulness states. However, phenomenological aspects of
the situated mobile approach suggest both promises and pitfalls for computer-supported mindfulness
using a situated approach.
Keywords: computer-supported mindfulness; mobile mindfulness; meditation; curiosity; decentering

1. Introduction
The past decade has ushered in a wave of research interest in mindfulness—commonly defined as
a present-moment awareness with a non-judgmental stance [1]. The emerging research has yielded
insights into how mindfulness can help manage mental health challenges like depression and anxiety
and physical health [2,3], as well as help cultivate positive emotions such as compassion and ecological
awareness [4,5]. However, despite the growing ubiquity of mobile devices and interest in mindfulness
practices, exploration on how mobile computers might leverage unique affordances of mobility to
support mindfulness is still fairly nascent.
Most approaches to computer-supported mindfulness (CSM) have focused on content mobility
(e.g., audio-based meditation guides on-the-go). However, mobility can also afford a mediation
of our interactions with everyday contexts. For instance, devices can mediate the way we explore
visual perspectives (e.g., camera), or navigate space (e.g., maps), or even how we directly can layer
information atop space (e.g., augmented reality). The notion that mobile devices may be well suited to
supporting mindfulness, because its embedded in everyday life, is not well understood.
The following paper explores only one of many different kinds of computer-supported
mindfulness approaches that can be designed. The ‘situated mindfulness’ approach designed attempts
to enact mindfulness throughout one’s everyday life using a mobile device, reminders, and a simple
end-of-day activity. Two analyses are provided: (1) a comparison between three different treatments
on mindfulness states, and (2) a phenomenological description of the situated mindfulness approach.
The analyses present evidence towards the viability of a situated mindfulness approach. Such an
approach could be used in a variety of ways such as informing future design work in the use of
haptic reminders through wearable computers or exploring new forms of mindfulness measures
that assume extended situated engagement. The following study is exploratory in nature, but offers
implications for computer-supported mindfulness using mobile devices situated in everyday life.
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Specifically, this study explores two research questions. First, does the situated mobile approach
Specifically, this study explores two research questions. First, does the situated mobile approach
induce a mindfulness state to the same degree as traditional audio-guided mindfulness meditation?
induce a mindfulness state to the same degree as traditional audio-guided mindfulness meditation?
Second, how can we characterize the kind of mindfulness experience within the context of the
Second, how can we characterize the kind of mindfulness experience within the context of the Buddhist
Buddhist origins of mindfulness?
origins of mindfulness?
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Figure 1. Adapted visualization of the Buddhist Psychological Model (BPM) [7].
Figure 1. Adapted visualization of the Buddhist Psychological Model (BPM) [7].

2.2. Curiosity and Decentering as a Mindfulness State
2.2. Curiosity and Decentering as a Mindfulness State
Mindfulness can be operationalized as a dispositional tendency—a trait that permeates your
Mindfulness can be operationalized as a dispositional tendency—a trait that permeates your
perspective and behaviors. Mindfulness can also be operationalized as a temporary state that can be
perspective and behaviors. Mindfulness can also be operationalized as a temporary state that can
induced through effort [9,10]. Self-report measures such as the FFMQ (Five Facet Mindfulness
be induced through effort [9,10]. Self-report measures such as the FFMQ (Five Facet Mindfulness
Questionnaire) seek to capture self-reported behaviors that point to a dispositional tendency that may
Questionnaire) seek to capture self-reported behaviors that point to a dispositional tendency that may
change with prolonged mindfulness training [11–14]. Other measures such as the Toronto
change with prolonged mindfulness training [11–14]. Other measures such as the Toronto Mindfulness
Mindfulness Scale (TMS) operationalize mindfulness as a temporary state. In this state, the individual
Scale (TMS) operationalize mindfulness as a temporary state. In this state, the individual is engaging
is engaging in two factors—curiosity and decentering—which can be understood as being open and
in two factors—curiosity and decentering—which can be understood as being open and inquiring
inquiring about one’s internal mental events, while also maintaining a distance from such mental
events, rather than clinging to them. In this study, the Toronto Mindfulness Scale (TMS) is used to
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about one’s internal mental events, while also maintaining a distance from such mental events, rather
than clinging to them. In this study, the Toronto Mindfulness Scale (TMS) is used to determine the
extent to which mindfulness states were induced, and how the factors of curiosity and decentering
were impacted by the different interventions.
Little research has sought to connect the specific constructs of curiosity and decentering to the
Buddhist psychological model. However, from the perspective of the BPM, one might understand
curiosity as present-moment awareness of a sensation (physical or thought) with an initial investigative
interest in the three characteristics of impermanence, suffering, and not-self, that eventually are
experienced at a less conceptual and more phenomenological level. Decentering may be understood
as a disengagement from habitual reactions of attachment and aversion to pleasant, unpleasant, and
neutral feelings of mental events that commonly lead to proliferation of mental events. In a sense,
decentering from a more Buddhist perspective would lean more towards a form of equanimity [15]
defined as a quality of awareness that views the mental event with neither attachment nor aversion.
2.3. Situated Mindfulness
While sitting meditation is often what is conjured in our minds when we visualize mindfulness
practices, there are other approaches to cultivating mindfulness. Situated mindfulness, sometimes
referred to as informal meditation or everyday mindfulness, seeks to cultivate a temporary state of
mindfulness within the context of everyday life. For instance, a common practice might be suggested
as follows:
When you’re in the shower, notice the sounds of the water as it sprays out of the showerhead, and
as it hits your body as it gurgles down the drain. When thoughts arise, acknowledge them, let them be,
and bring your attention back to the shower. Again and again, your attention will wander. As soon
as you realize this has happened, gently acknowledge it, note what distracted you, and bring your
attention back to the shower.
In this example, the situational context of one’s daily activity (e.g., showering) becomes relevant.
It becomes the meditation object of interest, allowing the attention to include not just breath, but sounds,
body sensations, smells, and interactions with the physical space you are situated in.
In Figure 2, the experience is visualized using the BPM. On the upper left is the initial awareness
of a mental event, the sensation of water hitting your body. This would then take on a hedonic tone of
pleasant, neutral or unpleasant, transitioning to an attachment or aversion, and a potential subsequent
mental event, “I’m wasting water doing this exercise”. The process would continue like a cascade
of mental events. Eventually as the mental events stray far from the initial mental event, one would
return to a direct perception of the now, by either refocusing on water hitting your body or some
other direct perception of your surroundings. The extent to which mobile devices can help cultivate
mindfulness through a situated approach has not been explored.
2.4. Computer-Supported Mindfulness
Most empirical research on mobile approaches to mindfulness has focused on instruction through
audio, video, or text [16,17]. However, the design approaches to meditation instruction varies.
For example, HeadSpace, a mobile app, seeks to cultivate mindfulness by providing a series of
audio clips that vary in intensity and length [18]. Research comparing the HeadSpace mobile app
with another mobile app control showed significant increases in positive affect [17]. Other approaches
provide audio guides based on situational context; for instance in the mobile app Buddhify [19], users
are prompted to first select a context (e.g., feeling pain or travelling) that will then be matched by an
audio guided meditation. Other variations on audio guides include the use of biofeedback, such as
the Muse headband which provides audio feedback on changes in EEG levels to guide attentional
focus [20].
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Figure 2. Situated mindfulness practice example.
Figure 2. Situated mindfulness practice example.

2.4. Computer-Supported Mindfulness
Outside of meditation guides, there are approaches that explore aspects of mindfulness meditation,
Most
research mindfulness
on mobile approaches
to example,
mindfulness
has on
focused
on application
instruction
but are
notempirical
wholly considered
practices. For
research
a mobile
through
audio,used
video,
or text [16,17].
However,
theusers
design
approaches
to meditation
called AEON
interactive
instruction
to help
practice
thought
distancing, instruction
a form of
varies.
For
example,
HeadSpace,
a
mobile
app,
seeks
to
cultivate
mindfulness
by engage
providing
a series
decentering, by prompting the user to enter his/her thoughts, visualize them, and
in gestures
of
audio
clips each
that vary
in intensity
[18]. Research
comparing
the HeadSpace
app
that
dissolve
written
thought and
[21].length
Increasingly,
there are
approaches
that adopt mobile
persuasive
with
another
mobile
app
control
showed
significant
increases
in
positive
affect
[17].
Other
elements such as reminders to pull the user to practice. For example, The Mindfulness App, a mobile
approaches
provide
guidesthebased
situational
context;
for such
instance
in the mobile
app
app, encourages
usersaudio
throughout
day toon
engage
in certain
activities
as meditation,
or a body
Buddhify
[19], users
prompted to first select
context (e.g.,
feeling pain
scan commonly
used are
in mindfulness-based
stress areduction
interventions
[22].or travelling) that will
then be matched by an audio guided meditation. Other variations on audio guides include the use of
2.5. Computer-Supporting
A Situated
biofeedback,
such as the Mindfulness:
Muse headband
whichApproach
provides audio feedback on changes in EEG levels
to guide attentional focus [20].
One design approach that seeks to harness one’s situated context is the Conscious app [23], which
Outside of meditation guides, there are approaches that explore aspects of mindfulness
asks users to direct their attention to particular behaviors like breathing, but does so not by engaging
meditation, but are not wholly considered mindfulness practices. For example, research on a mobile
you in a breathing exercise, but by asking you to be more conscious of it as you continue to go about
application called AEON used interactive instruction to help users practice thought distancing, a
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form of decentering, by prompting the user to enter his/her thoughts, visualize them, and engage in
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gestures that dissolve each written thought [21]. Increasingly, there are approaches that adopt
In this study, the proposed situated mindfulness approach designed in one of the interventions
persuasive elements such as reminders to pull the user to practice. For example, The Mindfulness
can be considered a series of hyper abbreviated meditations across a day. For instance, as illustrated
App, a mobile app, encourages users throughout the day to engage in certain activities such as
in Figure 3, while an individual is situated in everyday contexts like sitting on the train or sitting
meditation, or a body scan commonly used in mindfulness-based stress reduction interventions [22].
in a meeting, they can spontaneously engage in brief moments of noticing mental events and one’s
reactions, and move on.
2.5. Computer-Supporting Mindfulness: A Situated Approach
One design approach that seeks to harness one’s situated context is the Conscious app [23],
which asks users to direct their attention to particular behaviors like breathing, but does so not by
engaging you in a breathing exercise, but by asking you to be more conscious of it as you continue to
go about your everyday life. However, this app does not engage in decentering, nor has there been
any empirical research on its effect on cultivating mindfulness.
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Through an experimental design, participants were randomly assigned to one of the three different
different interventions. All of the interventions were accessed through a mobile device throughout a
interventions. All of the interventions were accessed through a mobile device throughout a single
single week. It is important to note that the word ‘mindfulness’ was removed from any of the
week. It is important to note that the word “mindfulness” was removed from any of the challenges
challenges and recruitment materials or scripts.
and recruitment materials or scripts.
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3.2. Intervention #2: Mind Wandering (MW)
In the mind wandering (MW) intervention, participants were prompted to complete a daily
challenge labeled “Free Thought” five times throughout the week. The design followed a similar
intervention by Cahn [25], where participants were told to let their mind wander freely through neutral
thoughts. To engage in the guided audio, participants followed a similar process of “checking-in” and
then playing the audio, which consisted of a 13-min guided audio. The specific script was adapted
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from the Garland et al. [24] study. After completing the audio meditation, participants were prompted
to immediately complete the Toronto Mindfulness Scale (TMS) through the mobile device.
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Figure 4. Mindful meditation (MM): (a) instructions; (b) check-in; (c) listen to meditation.
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challenge labeled “Practice” five times throughout the week. The challenge was divided into two
parts—during the day, and at the end of the day. During the day, participants were prompted
through spaced out text reminders to observe instances of self-criticism. At the end of the day,
participants were guided through a retrospective reflection on their experience. The process entailed
first recalling an instance of self-criticism they observed during the day (Figure 5a), reappraising the
event (Figure 5b), and then shifting awareness to one’s body (Figure 5c). After completing the selfreflection, participants were prompted to immediately complete the Toronto Mindfulness Scale
(TMS) which assessed their mindfulness state through the mobile device.
The use of cognitive reappraisal and body awareness to support decentering was explored in
prior work [26]. The most unique characteristic of the situated mindfulness approach is how it divides
aspects of mindfulness into two distinct temporal periods. Throughout the day, the participant
engages in monitoring
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participant engages in retrospective reflection, analyzing how they experienced this mental event.
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(b)
at the end of the day, whereby the core role of the mobile
tool is to serve as a (c)
guide through the process
Figure 5.shifting.
Screenshots
of participant
the situated mindfulness
intervention:
(a) recalling
moment;
(b) attentional
of attentional
The
first is prompted
to shift
their focus
to their
sensations, and
shift;
(c) body
awareness.
then feel
them
in their
body—a common technique to stop mental proliferation.
Figure 6 conceptually depicts the end-of-day experience for participants using the BPM.
Figure
6 conceptually
depicts
the end-of-day
for participants
using the BPM.
The process
begins
with recalling
a moment
observedexperience
(e.g., self-criticism).
Then reappraisal
takesThe
place
process begins with recalling a moment observed (e.g., self-criticism). Then reappraisal takes place
in the form of acknowledgement of a reaction—“I felt disappointment”—rather than attempting to
in the form of acknowledgement of a reaction—“I felt disappointment”—rather than attempting to
control or analyze the thought—“I shouldn’t be so self-critical”. However, the subsequent interaction of
control or analyze the thought—“I shouldn’t be so self-critical”. However, the subsequent interaction
body awareness seeks to facilitate an attachment to this reaction. By embracing the reaction through an
of body awareness seeks to facilitate an attachment to this reaction. By embracing the reaction
embodied guidance of breath awareness, one comes to ‘be with’ this unpleasantness—an experiential
through an embodied guidance of breath awareness, one comes to ‘be with’ this unpleasantness—an
form
of acceptance of one’s reaction.
experiential form of acceptance of one’s reaction.
recall
moment

acceptance via
reappraisal
pass
away

arise
Awareness of "self-criticism"
mental event

pass
away

arise
Attachment

Awareness of reactive mental event

Aversion
"I eat poorly. I need to be healthier"
Pleasant

Neutral

"I felt disappointment"

Unpleasant

Pleasant

Neutral

Unpleasant

Attachment
Aversion

pass
away

arise

Awareness of embodied reaction to
mental event
shift attention
via body
awareness

*experience*
Pleasant

Neutral

Unpleasant

Figure 6. Retrospective reflection in the situated mindfulness approach.
Figure 6. Retrospective reflection in the situated mindfulness approach.

4. Methodology
4. Methodology
Forty-six participants were recruited from several local universities. Participants were required
participants
recruited
from several
local universities.
Participants
were
required
to Forty-six
have never
previously were
meditated
or engaged
in cognitive
behavioral therapy,
as well
as have
a
to have never previously meditated or engaged in cognitive behavioral therapy, as well as have a
personal iPhone they can use for the study. The average age was (M = 28.91, SD = 4.97, range 20–38)
and 32 out of the 46 were female (69.6%).
Participants were blinded to experimental conditions and randomly assigned to receive either
a brief situated mindfulness training induction (n = 16), a mindfulness meditation training (n = 15),
or mind wandering induction (n = 15). First, participants completed the Five Facet Mindfulness
Questionnaire [13]. Next, they were prompted to complete one of three challenges using the mobile
app five times over the course of a week. Upon completing the challenge, they were prompted to
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immediately complete the Toronto Mindfulness Scale [27] to describe their experiences. No group
completed the challenge more than five times, and participants could not complete any other challenge
after completing the one assigned.
After initial analysis of the quantitative data, three participants were interviewed. The analysis
followed what Creswell [28] referred to as an explanatory sequential design wherein qualitative data
was collected to better tease out quantitative findings explaining differences between the three different
conditions. The qualitative collection of data took the form of a follow-up interview (see Appendix A).
Case selection was purposeful and sought to embrace maximal variation, where pronounced effects
would potentially indicate phenomenological experiences shared throughout the condition [29,30].
Interviews were audio recorded and sent to a third-party for verbatim transcription. Interviews took
place less than one week after completion of the post-survey and lasted 20–25 min.
Measures
The induction of mindfulness states was measured with the six-item curiosity subscale and
seven-item decentering subscales of the Toronto Mindfulness Scale (TMS) [27]. The curiosity subscale
asks participants to express how well what they experienced is described by items such as “I was
curious about my reactions to things”. The decentering subscale asks participants to express how
well what they experienced is described by items such as “I experienced myself as separate from my
changing thoughts and feelings” or “I approached each experience by trying to accept it, no matter
whether it was pleasant or unpleasant”. Items on the subscales are rated on a five-point Likert scale
(0 = “not at all”, 4 = “very much”). Scores on the subscales summed and the total score for curiosity
ranges from 0 to 24, while for decentering scores range from 0 to 28. The internal consistency (coefficient
alpha) for the subscales were 0.88 for curiosity and 0.84 for decentering.
To measure dispositional mindfulness, the Five Factor Mindfulness Questionnaire (FFMQ) was
used. The FFMQ is a 39-item self-report instrument designed to measure five dispositional elements of
mindfulness of an individual: observing, describing, acting with awareness, accepting feelings without
judgment, and non-reactivity to inner experience. The internal consistency (coefficient alpha) on the
subscales ranged from 0.75 to 0.91.
Phenomenological differences between the conditions were also observed through a custom
survey with eight items (see Table 1), focused on distinct features of the app mapped to supporting
aspects of curiosity or decentering. In addition, a follow-up interview was conducted after analysis to
better understand any phenomenological nuances to findings (see Appendix A for interview questions).
Table 1. Experience survey summary.
Mind Wandering
M(SD)

Mindfulness
Meditation M(SD)

Situated
Mindfulness M(SD)

The challenge was useful in dealing with
my day-to-day.

1.3(0.92)

2.3(0.64)

3.6(1.12)

The reminders sometimes made me more
self-conscious than I wanted to be. (r)

n/a

n/a

3.5(1.08)

The challenge helped me see situations
from another perspective.

1.2(0.43)

2.6(1.88)

4.3(0.71)

The challenge helped me better reflect on
situations I encounter day-to-day.

1.1(0.32)

2.8(1.50)

2.9(0.92)

The challenge was not helpful in
understanding how I react to situations
around me. (r)

4.82(0.15)

3.3(1.81)

2.1(1.69)

Would you be willing to engage in this
challenge after this research study?

1.1(0.12)

3.7(0.92)

3.1(0.64)

I found the app to be intrusive. (r)

3.1(0.79)

3.1(1.13)

3.9(1.98)

Question
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5. Results
5.1. Effects on Mindfulness States
To understand differences in mindfulness states between the conditions, an ANOVA was
conducted (see Table 2). TMS scores averaged across the five completions were compared between the
three groups (F(2,43) = 6.44, p < 0.005, η2 = 0.23). Participants in the mindfulness meditation groups
reported significantly higher levels of state mindfulness (M = 46.40, SD = 6.78) than participants in the
situated mindfulness (M = 42.88, SD = 6.6) and mind wandering conditions (M = 36.60, SD = 9.16).
This indicates that only the mindfulness meditation (MM) intervention was successful in inducing
a mindfulness state—as measured by the TMS. In conducting an ANOVA with just the two groups
(situated mindfulness and mind wandering), which increases the likelihood of a type-1 error because
of the omission of the third group, a significant difference between the two groups (F(1,29) = 4.84,
p < 0.05) was detected, although the effect size was small (η2 = 0.14).
To get a more nuanced perspective, curiosity and decentering subscales across the three groups
were analyzed. Across the conditions, no significant differences in curiosity subscales were found
(F(2,43) = 3.12, p = 0.054). However, despite a non-significant ANOVA, the Tukey HSD pairwise
comparison was conducted since the post hoc has increased power [31]. The pairwise comparison
between mindfulness meditation (MM) and mind wandering (MW) conditions showed a statistically
significant difference (p < 0.05). This indicates that only the mindfulness meditation condition had a
significantly different curiosity score (M = 22.07, SD = 3.77) than the other two scores.
Since TMS scores were captured at five different time periods with the same challenges, a repeated
measures ANOVA on those scores was conducted. A significant difference between the scores
(F(4,60) = 33.55, p < 0.001, η2 = 0.24), was found. There were no differences between time 4, and
5 as a group, and 1, 2, and 3 as a group, but differences between the two groups of time periods
(i.e., early and later). In a comparison of weighted means for two groups: early (time 1, 2, and 3)
(M = 17.38, SD = 3.14) and later (4 and 5) (M = 21.08, 3.45) using an a priori simple contrast, a significant
difference between the two groups (F(1,15) = 128.17, p < 0.001, η2 = 0.25) was detected. This indicates
that earlier experiences with the situated mindfulness condition induced curiosity differently than
later experiences. No such differences between the earlier and later curiosity scores within each of the
mindfulness meditation and mind wandering conditions was found.
The ANOVA on decentering scores found significant differences (F(2,43) = 6.193, p < 0.005,
η2 = 0.22). Participants in both the mindfulness meditation (M = 24.33, SD = 5.22) and the situated
mindfulness (M = 23.13, SD = 4.59) conditions had significantly higher decentering scores than the
mind wandering group (M = 18.41, SD = 4.87). This indicates that mindfulness meditation and situated
mindfulness conditions were both able to induce decentering aspects of a mindfulness state.
Table 2. Summary of TMS factors and total mean scores.

Curiosity
Decentering
TMS Score

Mind Wandering-MW.
M(SD)

Mindfulness
Meditation-MM. M(SD)

Situated
Mindfulness-SM. M(SD)

18.20(4.86)
18.41(4.87)
36.60(9.16)

22.07(3.77)
24.33(5.22)
46.40(6.78)

19.75(4.12)
23.13(4.59)
42.88(6.6)

5.2. Associations Between Mindfulness States and Trait Mindfulness
Zero-order correlations between TMS scores and dispositional mindfulness (FFMQ) were
conducted. In addition, a repeated measures ANOVA was conducted to examine changes in
dispositional mindfulness and mindfulness facets between pre-tests and post-tests as a function
of the condition. Across the entire sample, dispositional mindfulness pre-test scores were positively
associated with TMS (r = 0.57, p < 0.005). No significant changes were found within-groups for each of
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the conditions between pre and post FFMQ scores, indicating no change in dispositional mindfulness
as a result of the condition.
5.3. Experiential Differences
Descriptive statistics were calculated for survey results across the three different conditions, and
the results were used to inform the interview and discussion.
5.4. Follow-Up Interviews
After conducting the quantitative analysis, the situated mindfulness group was scanned for
the largest changes in curiosity scores from time 1 to time 5, by comparing differences between the
participant’s curiosity score with the averaged group score for that time period. The follow-up
interview focused on teasing out differences in how curiosity was experienced across the five
interactions with the situated mindfulness challenge, and mindfulness states in general. Analysis was
conducted using Colaizzi’s [32] phenomenological method (see Table 3). All transcripts were read
several times to obtain an overall feeling for them, and then significant phrases or sentences rated to
the target phenomena of curiosity and decentering experiences were identified.
In the follow-up interviews, what emerged was an understanding on how the end-of-day
retrospective reflection activity trickled into the during-the-day observation process. For instance, one
user (p2) shared that, after completing a few challenges they started, “trying to do the whole breathing
thing cause sometimes it was a little hard to see how rough I was being”. Another user shared that
despite the reminders providing instructions on noticing body sensations in response to observing
the mental event they, “[weren’t] doing that until like later on”. It seemed that because the reminders
provided minimal guidance at first, it was not until repeated engagement with the guided end-of-day
retrospective reflection that they began to shift what they did at the end of the day to what they did in
subsequent during-the-day observations.
Table 3. Examples of significant statements and formulated meanings.
Significant Phases

Formulated Meaning

“See how it says to notice your body [points to reminder] I
wasn’t doing that until like later on. I didn’t notice it
I guess”.

Competing effort between noticing the mental
event and subsequent body awareness, and
only doing both after some time.

“I was getting all, too in my head. So I just started noticing,
like, what I do after I see it. Like I saw myself getting
critical and how I’m reacting. Even though it told me not to
do anything about it”.

Expanded attention beyond the mental event
that was ruminative on reaction to event.

“I started trying to do the whole breathing thing cause
sometimes it was a little hard to see how rough I was being.
You know, I was like you’re an idiot sometimes”.

Using breath awareness without explicit
instruction after noticing mental event.

6. Discussion
6.1. Inducing Mindfulness States
Mindfulness state scores for the situated mindfulness (SM) intervention—as measured by the
Toronto Mindfulness Scale (TMS)—were not significantly different from the mind wandering (MW)
control group. However, SM was able to significantly induce mindfulness states in latter engagements,
but not at first. The change in latter engagements with SM appear to stem from a shift in how
participants observed during the day. The retrospective reflection participants were prompted to
engage in at the end of the day became part of how participants observed during the following days.
In other words, being prompted to shift one’s attention to feeling, and body sensations that participants
engaged in at the end of each day, began to be enacted throughout subsequent days when they were
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depicted in Figure 7, shifted to experiences where body awareness as a reaction to the mental event was
embraced and felt—characterizing a form of attachment and acceptance underlying a decentered state.
6.3. Promises and Pitfalls of the Situated Mindfulness Design
The Buddhist psychological model (BPM) focuses on experiencing the three characteristics of
mental activity—impermanence, suffering, and not-self. Impermanence is traditionally experienced
as one lets mental events through the conveyor belt of active consciousness. However, in situated
mindfulness, the conveyor belt is everyday life, and maintaining one’s active consciousness can be
short-lived if the practice is deeply embedded in everyday life. In the SM design used, an attempt is
made to go beyond a short meditation in the middle of your day, to a form of extended meditation
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across one’s day. As such, impermanence looks less like second to second impermanence of mental
events as described by Grabovac [7] in the Buddhist psychological model (BPM), and more like the
same mental event coming in different situational contexts throughout day. No two are the same.
Through a mobile approach that prompts the user to focus on a narrow event that exists and reoccurs,
the approach mimics a similar meditative approach to breath focus. Suffering is experienced through
an aversion of attachment to the mental event. Initial appraisals serve as a conduit in which to
conceptually experience the process of preferring certain interpretations, and the ever-changing nature
of events that reinforce the not-self characteristic of everything around us.
In stretching, meditation practice across an entire day and moving the guidance that supports
decentering to the end of the day, several issues emerged. First is that the experience is highly
content-centric or conceptual. In contrast to a common meditation approach, the meditation object
exclusively targets mental events rather than body sensations. Traditionally, the Buddha did not
distinguish between cognitions and sense impressions [7]. However, this distinction is important in
that it led to a strong orientation towards conceptual awareness rather than non-conceptual experiential
awareness. In addition, the use of cognitive reappraisal is deeply embedded in the narrative experience
of self over time and may increase vulnerability to cognitive processes underlying anxiety symptoms as
it reinforces the narrative experience of self. This may be addressed by positioning such interventions as
potential gateways to more meditative practices, or focusing on emotional health contexts that primarily
focus on the narrative experience of self, such as mindfulness-based cognitive therapy (MBCT).
The other key issue is that the approach to during-the-day observation is initially disconnected
from decentering leading to a strong impulse to control or analyze the thought, which was
counterproductive and may initially exacerbate ruminative tendencies. While the approach minimizes
the demand placed on the user to engage right in the moment during the day, moving decentering
guidance to the end of the day places the reminders as the sole source of guidance on how to prompt
initial mindfulness states. Even through the reminders provided short prompts to notice mental events
and body reactions, the actual process of noticing and then shifting attention with an accepting attitude
did not initially occur. Only after repeated engagements with the end-of-day reflection that included
reappraisal and body awareness guidance did the during-the-day observation take on a more curious
characterization rather than a ruminative one. Ultimately, the bifurcated approach requires time so
that the retrospective reflection bleeds into daily observation.
7. Limitations
A key limitation to this study is the operationalization of mindfulness as a self-report measure
consisting of the two factors curiosity and decentering. While an attempt was made to capture
qualitative data that can speak to the phenomenology of the situated mindfulness approach,
the relationship between the Buddhist psychological model and the operationalization of mindfulness
as curiosity and decentering is not well researched or defined. In addition, larger sample sizes for each
intervention would have been better, to minimize errors in significance testing. Another limitation is
that the proposed situated mindfulness design can have countless variations that may significantly
alter how mindfulness is enacted, supported, and experienced. Worth further exploration in situated
mindfulness are: variations in framing reminder instructions, sequencing challenges so as to start
with positive mental events, exploring social and collaborative interactions, increased personalization
of interactions using data collected, connecting situated mindfulness to broader ethical living, and
using language to emulate a mindfulness teacher. On a broader level, continued exploration on how to
operationalize situated mindfulness as a series of states rather than one continuous one, and differences
in novice and expert practitioners would also be valuable future endeavors in this space.
8. Conclusions
This study makes two contributions to the computer-based mindfulness space. First, the study
demonstrates a specific situated mobile mindfulness approach that can induce mindfulness states
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comparable to traditional audio-based mindfulness meditation guides. Second, this study contributes
a phenomenological characterization of the situated mobile mindfulness approach using the Buddhist
psychological model [7]. Future designs may want to explore alternative situated mindfulness designs
that use haptic approaches and physiological inputs (e.g., EEG), which may change the way in which
mindfulness states can be induced and supported. In addition, emerging forms of physical computing
and ambient computing that make the role of the computer more transparent and less intrusive may
help shift away from the content-centric approach taken in the SM design in this study.
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Appendix A. Interview Questions

•
•
•
•
•
•
•
•
•
•
•
•
•

Tell me about your experience with the first challenge you completed.
Tell me about how you interacted with the reminders.
Tell me about how you interacted with the end-of-day check-in.
What do you think the purpose of the challenge was?
Tell me about how you experienced later challenges you completed.
Tell me about how you interacted with the reminders.
Did the reminders feel different somehow?
What about the end-of-day check-in?
Do you think anything changed between the first time you did the challenge and the last time?
Did you find yourself doing anything differently the following week?
Any changes in body awareness?
Shifting perspective?
Why would you want/not want to continue using the app?
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