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Abstract This paper reviews interactive technological ap-
proaches to improve mindfulness and fills a gap in the litera-
ture by using technology to target aspects of mindfulness that
are missing in scientific research. Interactive approaches to
train mindfulness are presented and discussed in relation to
Bergomi’s conceptual mindfulness model and Vago and
Silbersweig’s neurobiological approach for cognitive, emo-
tional, and behavioral processes. Based on existing interactive
technologies, key design guidelines are developed to investi-
gate the delivery of mindfulness by interactive media, includ-
ing the design recommendations of personalization,
gamification, and social features for the S-ART component
intention and motivation; biofeedback training and narrative
for emotion regulation; moral dilemmas, perspective taking,
and cooperative design for prosociality; and explorative self-
reflection, visualization and immersive feedback, and the in-
tegration of internal stimuli for self-transcendence. The paper
recommends to apply a more extensive definition of mindful-
ness, which includes ethical and spiritual development. As a
design premise for mindfulness technology, it is advised to
strive for embodied experiences that adapt to the user’s inter-
nal state.
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Introduction

Mindfulness has become a popular area of research, and inter-
active programs to cultivate mindfulness are emerging (Mani
et al. 2015; Plaza et al. 2013).While scientific studies predom-
inantly reduce mindfulness to cognitive and emotion-
regulatory skills, in classical Buddhist literature, it is described
as a personal and cognitive transformation (Chiesa 2013). The
modern secular understanding of mindfulness addresses only
one aspect of the traditional meaning, namely satī, the present
moment awareness, whereas its ethical and spiritual dimen-
sions, appamāda and sampajañña, are ignored (Lomas 2016).
Addressing these aspects of mindfulness and investigating
how to improve themwith digital technologies have relevance
for the design and application of modern mindfulness inter-
ventions such as mobile and ubiquitous technologies and con-
tribute to the endeavor of making mindfulness more
accessible.

Sliwinski et al. (2015) used the Bergomi et al. (2014) eight-
factor model of mindfulness to assess the feasibility of inter-
active technologies and digital games, in particular, to im-
prove mindfulness. For each mindfulness factor, interactive
applications and digital games were presented and discussed
along with research evidence in support of their efficacy
(Sliwinski et al. 2015). This model, called CHIME, integrates
validated questionnaires to provide a comprehensive concep-
tualization of mindfulness. The individual factors of mindful-
ness were identified as (1) awareness towards inner experi-
ences; (2) awareness towards outer experiences; (3) acting
with awareness (being in the present moment); (4) acceptance
(accepting, non-judging, and self-compassionate orientation);
(5) decentering (non-identification and non-reactivity); (6)
openness to experience (non-avoidance); (7) relativity of
thoughts and beliefs; and (8) insightful understanding
(Bergomi et al. 2014).

* Jacek Sliwinski
jacek.sliwinski@research.usc.edu.au

1 University of the Sunshine Coast, Queensland, Australia

Mindfulness (2017) 8:1150–1159
DOI 10.1007/s12671-017-0698-x

http://orcid.org/0000-0001-6523-317X
http://crossmark.crossref.org/dialog/?doi=10.1007/s12671-017-0698-x&domain=pdf


For example, an interactive breath counting program has
been shown in previous work to be helpful in improving the
factors of awareness towards inner experiences and acting
with awareness, through its ongoing cognitive demand and
focus on interoceptive attention (Levinson et al. 2014).
Furthermore, effective games were disaggregated according
to their mechanics, dynamics, and esthetics to provide specific
design recommendations, e.g., how to provide visual feedback
to indicate inhaling/exhaling (Sliwinski et al. 2015). The study
found that games can have parallel qualities to meditation
such as absorption and effortlessness, as well as beneficial
effects on attention and emotional regulation, while providing
valuable conditions to improve accessibility, for example by
giving clear instructions andmultisensory feedback (Sliwinski
et al. 2015).

This review compares two models of mindfulness for the
purpose of classifying interactive technologies. The CHIME
(Bergomi et al. 2014) eight-factor models contrasted against
the S-ART framework (Vago and Silbersweig, 2012), a
systems-based neurobiological model that is based on empir-
ical literature about the neurocognitive mechanisms of medi-
tation practice to cultivate mindfulness. S-ART includes the
ethical development towards virtues of prosociality, as well as
emotion regulation and self-transcendence. Areas that have
remained largely unstudied by scientific research, especially
in the context of mindfulness, are the subject of this review, as
their understanding provides significant potential for improv-
ing existing and future mindfulness interventions. This paper
presents relevant interactive approaches to improve qualities
of mindfulness and discusses their implications.

Method

A keyword search was conducted on popular websites, search
engines, and app stores, using appropriate search terms.
Selected examples of keywords included mindfulness, mind-
ful, meditation, Buddhist, Buddhism, rumination, intention,
motivation, emotion regulation, acceptance, attention, aware-
ness, focus, concentration, compassion, positive, prosocial,
decentering, transcendence, Zen, and Vipassana. To identify
relevant research studies, Scopus, Web of Knowledge, and
Google Scholar were searched. Additionally, the first 50 result
pages of a Google search were used to identify any other
relating studies and programs. Game databases http://store.
steampowered.com including Greenlight, http://www.
moddb.com, and http://www.gamesforchange.org were
searched, as well as the popular app-stores Google Play and
Apple App Store, both iPhone and iPad, though the search
was limited to the first 100 hits, filtered by most relevant.
Furthermore, the strategy was extended with an opportunistic
search for other relevant papers, where references of selected
papers were explored.

Non-interactive presentations of mindfulness training, such
as Web pages with only text, audio, and video instructions,
and guided meditation mobile apps were deliberately exclud-
ed from this review. Although these kinds of applications can
teach mindfulness techniques, they do not tap into the poten-
tial of building experiential knowledge through interactivity
(Sliwinski et al. 2015). For programs to be considered in this
review, the minimum level of interactivity was defined as
reacting to the participant’s internal (e.g., breathing) or exter-
nal (e.g., key strokes) responses. Likewise, research studies
and applications that clearly relate to at least one of the eight
CHIME factors and have been already reported in our prior
review (Sliwinski et al. 2015) were excluded. The search was
conducted by the first author, whereas all authors were in-
volved in the selection process, which was based on the re-
sults’ conceptual fit at face value towards the S-ART frame-
work. In the following, the individual S-ART components are
explained and their relation to their associated CHIME factors,
as outlined in Table 1.

Intention and motivation are prerequisites for mindfulness
meditation, as they are the driving force behind the practice
and its desired outcomes (Vago and Silbersweig 2012).
However, these components are not mapped by the CHIME
factors, whichmeasure trait mindfulness and not the process of
its cultivation. Attention regulation is the most studied facet of
mindfulness and present in nearly all of the available mindful-
ness scales (Sauer et al. 2013). It relates to the CHIME factors
of awareness towards inner and outer experiences and acting
with awareness, all which require attentional control.

Emotion regulation is defined as the ability to shift atten-
tional focus to alter emotional activity, for example to stop
negative self-talk and view stimuli more neutrally and with

Table 1 Comparison between S-ART and CHIME

S-ART CHIME

Intention and motivation

Attention regulationa Awareness towards inner experiences
Awareness towards outer experiences
Acting with awareness

Emotion regulation Openness to experience
Decentering
Acceptance

Prosociality

Self-transcendence

Memory extinction and
reconsolidation

Relativity of thoughts and beliefs
Insightful understanding
Openness to experience

Non-attachment and
decentering

Decentering

a Component not explored in this review, as it is already covered by a
previous investigation using CHIME (Sliwinski et al. 2015). Memory
extinction and reconsolidation and non-attachment and decentering were
aggregated into self-transcendence
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equanimity (Vago and Silbersweig 2012). The CHIME model
does not measure emotion regulation directly, but describes it
as a result of being mindful, i.e., being curious and non-
avoidant towards experiences, being non-reactive and to not
identify with experiences, and have a non-judging and
accepting orientation towards the present moment experience.
The S-ARTmodel, being a process, places emotion regulation
in a temporal sequence: upon becoming aware of a stimulus,
emotion regulation is expressed by the act of mental noting
and labeling of the experience and the response of equanimity
that supports the Bextinction and reconsolidation of maladap-
tive procedural and declarative memories^ (Vago and
Silbersweig 2012; p.14), i.e., habitual patterns. Prosociality
includes all forms of empathetic and prosocial behavior that
benefit others, such as sympathy, empathy, and altruism (Vago
and Silbersweig 2012). Prosociality and ethical development
are emphasized as fundamental parts in all Buddhist traditions
and acknowledged as essential for contemporary mindfulness
training (Baer 2015).

Memory extinction and reconsolidation are the process of
exposure to a memory and re-evaluation of its conditioned
response, to alter maladaptive habitual behavior, decrease
emotional reactivity, and cultivate stillness of the mind
(Vago and Silbersweig 2012). Through meditation, the mind-
ful examination of memories that represent sensory-affective-
motor scripts and schemas causes their resolution and in-
creases in equanimity. In CHIME, this is achieved by various
aspects. The first aspect is relativity of thoughts and beliefs,
which refers to the recognition that thoughts, beliefs, and
memories do not possess universal truth, but are completely
subjective and might not always correspond to reality. The
second is insightful understanding, which derives from the
understanding that the quality of an experience is influenced
by its subjective evaluation. Both support the relearning of
habitual behavior by creating an orientation of the mind that
enables change. Openness to experience negative reactive pat-
terns can be transformed into positive reactions or no reaction.
A total extinction and reconsolidation would correspond to the
elimination of all suffering and transformation into self-
transcendence (Vago and Silbersweig 2012).

Non-attachment and decentering relate to self-
transcendence in S-ART through the realization of no-self as
described in Buddhist literature and the release of mental fix-
ations by acknowledging the nature of impermanence (Vago
and Silbersweig 2012). Decentering, the ability to take a dis-
tanced perspective and not identify is a key ability that is
included in CHIME; however, self-transcendence is not.

For the purpose of classification for this review, the com-
ponents memory extinction and reconsolidation and non-
attachment and decentering were combined to form one all-
inclusive component, namely self-transcendence. It is ac-
knowledged that all components to cultivate mindfulness are
needed to achieve the state of self-transcendence, and an

interdependent and reductionist concept of self-
transcendence is not appropriate; however, these two compo-
nents give too much room for interpretation to classify them
more specifically. S-ART defines self-transcendence as Bthe
development of a positive relationship between self and other
that transcends self-focused needs and increases prosocial
characteristics^ (Vago and Silbersweig 2012, p.2). In this
sense, ethical conduct and prosociality are also a quality of
self-transcendence and should therefore not be seen as an iso-
lated construct (Vago and Silbersweig 2012).

For this review, the term self-transcendence was applied
more broadly to account for any methods that strive for
enlightenment/awakening (Davis and Vago 2013) and spiritu-
al growth in general. Both S-ART components integrate into
self-transcendence, for memory constitutes the foundation of
the narrative self, which has to be overcome to achieve self-
transcendence, while non-attachment and decentering charac-
terize qualities of the mind that facilitate its cultivation.
Existing measures that aim to capture associated states include
self-report questionnaires, which are acknowledged to lack
conceptual clarity (Chiesa 2013), and functional neuroimag-
ing, which is still too limited in temporal resolution and data
analysis (Davis and Vago 2013). Because self-transcendence
is very imprecise and impossible to measure adequately with
current scientific methods (Davis and Vago 2013), it is used
exploratively for this review.

Results

Digital games, mobile application (apps), digital psycho-
logical interventions, and experimental installations such
as unevaluated systems and hardware setups, including
those built for a different purpose than mindfulness train-
ing, that relate to components of S-ART are presented and
discussed in this section. Key design guidelines are de-
duced and presented as an effective way to deliver mind-
fulness and its associated components. A summary of all
results is presented in Table 2.

Intention and Motivation

Intention and motivation are described as the Bfundamental
building blocks^ (Vago and Silbersweig 2012, p.15) behind
the neurocognitive mechanisms of mindfulness. Both are nec-
essary to start and strengthen the mindfulness practice, as well
as to attain its continuity.

To help with mindfulness practice and to motivate regular
practice, the mobile app Insight Timer (Insight Network 2017)
provides tips, frequently asked questions, as well as access to
forums and discussion groups that connect with other people
struggling with motivation. Furthermore, statistics are tracked
and milestones set. At the end of each meditation session, a
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journal entry can be written to assist contextual reflection.
Additionally, a list of other users who meditate at the same time
is presented, which might strengthen feelings of connectedness
and commitment. Insight Timer is freely available for mobile
devices; yet, there is no research available to report its impact.

The Virtual Coach is a Web-based app designed to provide
support for beginners to mindfulness meditation (Hudlicka
2011). It is an embodied conversational agent with whom
the user can interact using text and is intended as a substitute
for a human mindfulness teacher. The coach reacts to user
input, and its avatar adapts its facial expression to the content.
The effectiveness of this programwas evaluated by comparing
16 Virtual Coach users to a control group of 16 participants
that used pre-prepared written and audio material only.

During a 4-week training period, one lesson per week was
administered, which was followed by a 3-week coaching period,
during which Virtual Coach users were free to interact with the
coach, while the control group read a manual. In both groups,
participants were asked to meditate five times a week for 20min.
Using self-report measures, results indicate that the virtual coach
group practiced more frequently, for longer time, and the expe-
rience was found to be significantly more enjoyable and engag-
ing (Hudlicka 2011). The authors suggest that the added value of
customized feedback and support provided by the app might be
the key factor for its superiority to traditional training.
Furthermore, the Virtual Coach group was found to have fewer
dropouts. However, users reported the non-verbal expressions to
be inadequate in support of the context (Hudlicka 2011), and the
feeling of personal connection was perceived to be missing.

The Virtual Meditation Coach is another example of a con-
versational agent and was developed by Shamekhi and
Bickmore (2015). Unlike Virtual Coach, the Virtual
Meditation Coach does not engage in a dialog with the partic-
ipant, but rather provides guided meditation instructions with
synthetic speech enriched by animated face and body expres-
sions. Interactivity is achieved by a breathing sensor, which is
used to control the participant’s progress.

In a pilot study, nine participants used the Virtual
Meditation Coach and were compared to a control group that
watched video instructions. No significant differences were
found between the experimental and control groups on mea-
sures of self-reported mindfulness, positive affect, anxiety,
flow, and physiological arousal (Shamekhi and Bickmore
2015). Participants reported to be no more satisfied with the
virtual agent than with the human in the video, but the agent
was reported to be more aware of their breathing (Shamekhi
and Bickmore 2015). Motivation was not specifically ad-
dressed; however, the use of biofeedback may increase the
practitioner’s motivation by adapting the training to the med-
itator’s progress and personal needs.

Based on the discussed interactive experiences, it is our
conclusion that effective techniques to increase the practi-
tioner’s intention and motivation include the personalization
of the experience through emotional design and customized
feedback. Available mobile apps can be useful by providing
goal tracking and reminder notifications, rewarding and en-
gaging game design elements, as well as harnessing the social
power of online communities.

Table 2 Summary of interactive approaches to mindfulness using S-ART components

S-ART component Interactive experience Type

Intention and motivation Insight Timera,b Mobile app

Virtual Coachb Mobile app

Virtual Meditation Coachd Web app

Emotion regulation Crystals of Kaydora,d Mobile game

PlayMancerN PC game (biofeedback)

Relaxation Spirea,c Biofeedback sensor, mobile app

Sonic CradleN Art installation (biofeedback)

The Meditation ChamberN Art installation (biofeedback)

Prosociality Papers, Pleasea,c PC/mobile game

Lemmingsc PC game

The Settlersc PC game

Self-transcendence Mind Poola,d Art installation (biofeedback)

Solara,d Art installation (biofeedback)

RelaWorldd PC game (Virtual reality)

SoundSelfa,c PC game (Virtual reality)

a Potentially effective but untested
bAvailable for free
c Available at charge
dNot available
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Emotion Regulation

Improving emotion regulation or self-regulatory skills is the
main reason why people become interested and start practic-
ing mindfulness (Pepping et al. 2016). Research shows that
technology, especially digital games, is able to trigger positive
behavior change and improve emotional regulation (Jones
et al. 2014). We therefore advocate for the exploration of dig-
ital technologies for mindfulness.

The game Zoo U (3C Institute 2015) focuses on six core
social skills, namely impulse control, empathy, initiation, com-
munication, cooperation, and emotion regulation. In this point-
and-click problem-solving game, children play as a zookeeper in
training, in a school-like setting. The main game mechanic in
Zoo U is confronting children with social situations, letting them
choose what to say and reflect upon their feelings. In an evalua-
tion of Zoo U, 187 US students from 14 third- and fourth-grade
classrooms played the game and teachers assessed their social
skills (DeRosier et al. 2012). Results revealed significant corre-
lations between in-game social skills assessments and teacher
obtained psychological assessments (DeRosier et al. 2012).
Establishing Zoo U as a valid measure for social skills, it can
be used as a safe training ground for the development of emotion
regulation skills, as demonstrated by a later report with 47 chil-
dren (Personalized Learning Games 2015).

Crystals of Kaydor (Games Learning Society 2014) was
developed as a mobile game for training emotion regulation
and prosociality. The user plays as a robot, exploring an alien
planet and attempting to recruit inhabitants to assist in finding
parts for the robot’s stranded and broken spaceship. In order to
achieve this, the player has to successfully interpret body lan-
guage and non-verbal cues. Being aware of one’s own mental
state, but also of the emotions of others, and to react appropri-
ately upon them, is aimed to increase emotion regulation and
prosocial behavior. Development and evaluation of this game
are currently ongoing with middle school-aged children
(Games Learning Society 2017).

The Spire (2017) is a wireless activity tracker for breath.
Based on the breathing pattern, it recognizes the mental state
of its wearer, sends an alarm if it registers a state of high tension,
and gives instructions to practice deep breathing to calm down.
Moreover, Spire rewards its user for periods of being calm or
focused by visualizing breath metrics over time and tying them
to individual goals like being calm for 50% of the day.

The practice of observing the breath is also an integral part of
teachings in traditional Buddhist meditation known as
ānāpānasati, with the goal to sharpen the mind before
confronting one’s own sensations deliberately (Gilpin 2008).
Increasing the awareness of the breath, and with its insight
about one’s own internal state, is a way to improve emotion
regulation. Results from studies investigatingmindful breathing
show significant associations with more meta-awareness, less
mind-wandering, better mood, and greater non-attachment

(Levinson et al. 2014). The added value of the Spire breath-
tracker lies in providing better feedback mechanisms for con-
scious breathing and tracking the user’s progress.

Relaxation

Many interactive technologies and games developed for the
purpose of cultivating mindfulness try to achieve this goal by
inducing relaxation, often by consciously manipulating the
breath. This is contrary to mindfulness meditation, where the
breath is to be observed naturally, without the intention to
change it, and relaxation is only a by-product. However, in-
novative approaches for improving mindfulness that make use
of relaxation can contain valuable elements for mindfulness
practitioners and are therefore explored here.

The serious game PlayMancer was developed by Fernandez-
Aranda et al. (2012) to train emotion regulation and self-control
in impulse-related mental disorders. To identify the emotional
state of the player, the game makes use of a variety of bio-sen-
sors, including galvanic skin response (GSR), oxygen saturation,
heart rate (HR), heart rate variability (HRV), skin temperature,
and breathing frequency, as well as facial recognition and speech
analysis. PlayMancer is a 3D adventure game inwhich the player
is stranded on an island and has to complete various mini games.
Game elements in the virtual world are controlled with the
player’s physiology, predominantly by requiring the player to
relax to achieve desired outcomes in the game world.

On a sample of nine female bulimia nervosa patients,
PlayMancer was tested as an additional tool to cognitive be-
havioral therapy. Biofeedback data associated with emotion
regulation improved during the gameplay sessions, suggesting
a benefit of this game-based approach. Additionally, anxiety
as a correlated factor for emotional and impulse control was
found to decrease between pre- and post-test, supporting its
feasibility for clinical contexts. The main limitation of
PlayMancer, however, is its sophisticated and lengthy setup
for the biofeedback hardware. Instead, modern smartphones
and low-cost sensors now allow the easy collection of some of
the required biofeedback data, though it remains unclear how
many individual bio-sensors are needed and how accurate
they must be to reliably compute a player’s emotional states.

There are a number of consumer EEGs with associated
mindfulness programs on the market, which claim to measure
meditative states, though applications generally do not extend
beyond simple scenarios for focus or relaxation.While there are
a growing number of cheap-to-build and easy-to-use biofeed-
back technologies, there has been no research to evaluate their
effectiveness to train emotion regulatory skills. However, these
new biofeedback devices, often embedded in smartphones or
wearables, represent a step towards making sophisticated train-
ings such as the PlayMancer game more accessible.

In the art installation Sonic Cradle (Vidyarthi et al. 2012),
participants lay down on a hammock in a dark room. Through
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respiratory biofeedback sensors, sound is controlled to create
an interactive experience. The way participants breathe gen-
erates and manipulates different soundscapes and encourages
users to explore and play with the breath. Sonic Cradle was
developed as an educative and demystifying tool for mindful-
ness meditation, yet the authors admit that the relationship
between individual elements of the installation and mindful-
ness remains unclear (Vidyarthi et al. 2012). While one sub-
sequent study found the installation to be feasible for relaxa-
tion (Vidyarthi and Riecke 2013), a later study revealed no
significant benefit compared to just lying in the hammock
(Kitson et al. 2014). Comments from participants emphasized
the engaging nature of the installation, which is often one key
advantage of technologies over traditional approaches.
However, the lying position in a hammock may induce sleep
during meditation, which is why most traditional meditation
techniques instruct the practitioner to be in a sitting position.

The Meditation Chamber (Shaw et al. 2007) designed for
mindfulness and relaxation training combines virtual reality and
biofeedback technologies to reduce stress. In this installation,
participants sit on a chair and wear a head-mounted display and
headphones, while being connected to biometric sensors measur-
ing arousal, respiration, and heart rate. The program is divided
into three modules. The first module is a relaxation activity, and
the second module is a progressive muscle relaxation exercise.
The third module provides practice for mindfulness meditation
by asking participants to focus on their breath by attending to the
sensations around the nostrils while breathing. Participants hear
calmly moving water and see abstract swimming jellyfish on
their displays, which pulse synchronous to the own respiration.
The jellyfish fade and disintegrate with increased relaxation of
the participant, measured with the biometrics. The Meditation
Chamber was tested on 411 attendees during an exhibition, and
results suggest that it promoted relaxation. GSR values generally
decreased throughout the mindfulness module and breathing be-
came deeper. Additionally, self-reported relaxation was signifi-
cantly higher after the session than before.

In summary, many different approaches were identified
that aim to improve emotion regulation skills relevant for
cultivating mindfulness. One promising approach is the
development of awareness about one’s own internal state
by using biometric sensors such as the Spire. Additionally
in games, narrative can be a powerful element to engage
players in the readjustment of their moral compass and
teach self-control and appropriate emotional responses
(3C Institute 2015). Choices provided to the player should
be context-dependent and nuanced with the game provid-
ing appropriate responses and material for discussion.
Game mechanics can be used to learn core skills about
the correct interpretation of interpersonal situations and
emotional cues (Games Learning Society 2014), while
the narrative and its emergent choices work as a proce-
dural guidance and trigger for self-reflection. However,

much more research is needed to clarify the exact require-
ments under which those game elements are effective.

Interactive technologies can use biofeedback to recognize
emotional states and train the practitioner’s emotional muscle
(Fernandez-Aranda et al. 2012). Predominantly, these applica-
tions use breath manipulation to induce a state of relaxation
with the aim to teach emotional responses that are character-
ized by calmness and equanimity. The efficacy for improving
mindfulness in this way has not been confirmed to date and
more research is needed. Furthermore, there are conceptual
differences between relation and mindfulness meditation,
which can lead the practitioner on the wrong track or wrong
mindfulness, which was criticized as BMcMindfulness^
(Purser and Loy 2013).

Prosociality

Most mindfulness conceptualizations and interventions do not
include prosociality or ethical development of any kind.
However, a growing number of scholars promote the re-
contextualization of mindfulness to integrate ethical virtues
of prosociality (Chiesa 2013; Lomas 2016). Playing digital
games, especially those that have been traditionally labeled
as violent and anti-social games, can increase the moral sen-
sitivity of players (Grizzard et al. 2014). In the study by
Grizzard et al. (2014), gamers playing the role of terrorists
have been compared to players playing as UN-peacekeepers.
Those players playing as terrorists showed significant corre-
lations with measures of guilt that lead to increases in moral
foundations (Grizzard et al. 2014). The authors argue that
contrary to widely held beliefs that playing violent video
games makes players more antisocial through the activation
of aggressive cognitions, playing these types of games can
lead to prosocial behavior through increased moral sensitivity.

In the game Papers, Please (3909 2013), the player engages
in ethical decision making by working as an immigration of-
ficer at the border of a politically unstable country and must
decide who to let in and who not. Situations in the game
provide numerous moral dilemmas, like for example whether
to take a bribe to feed the family in times when the regular
salary is not enough or whether to let in a spouse, whose
papers are incomplete and run the risk of accepting a potential
terrorist. Another issue is the time pressure to process as many
people as possible since the salary is paid per processed indi-
vidual; however, accepting or denying immigrants too quickly
might cause mistakes. Personal interests have to be balanced
against national risks and those of financial penalties, while at
the same time challenging the player’s own values and
compassion.

This game shows how decisions are often more complex
than simply choosing right or wrong and may increase the
player’s moral sensitivity. Papers, Please forces the player to
think about and dispute the concepts of fairness,
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righteousness, corruption, human rights, personal freedom,
and liberty. Furthermore, unlike many other games, there is
no hidden morality system that would reward certain deci-
sions. Instead, players have to justify their decisions to them-
selves, to be in alignment with their own conscience.

A study by Ahn et al. (2013) investigated the influence
of embodied experiences on perspective taking, empathy,
attitude, and helping behavior. In this experiment, one
group of participants was asked to engage in traditional
perspective taking, through imagination, towards people
with disabilities, whereas another group experienced a
disability, in this case red-green color-blindness, through
the use of a head-mounted display. Participants who ex-
perienced the disability though the immersive technology
showed, compared to the other group, more concern to-
wards disabled people, greater self-other merging, i.e.,
greater feelings of oneness, and spent twice as much time
and effort to help people with color-blindness in the real
world (Ahn et al. 2013).

The games discussed for prosociality provide practical im-
plications for personal development that is aligned with clas-
sical teachings of mindfulness and cultivating ethical virtues
such as compassion, loving kindness, and courage (Gilpin
2008). Games that enable this transformation put a strong
emphasis on the content and context of narrative and use play-
er choices to engage the player in the process of self-reflection
through which experiential knowledge for personal positive
transformation is imparted. These games can provide aware-
ness about the correct interpretation of emotions and behav-
iors along with appropriate responses.

Studies show that digital games have the potential to in-
crease empathy (Greitemeyer 2013; Greitemeyer et al. 2010)
and decrease pleasure in the misfortune of others
(Greitemeyer et al. 2010). The games used in these studies
were Lemmings (DMA Design 1991), where creatures have
to be saved by leading them to a safe exit, and The Settlers
(Blue Byte Software 1994), a strategy game about city build-
ing and resource management. In addition, perspective taking
was shown as an effective method of games to develop com-
passion towards other human beings, with efficacy that ex-
tends beyond the virtual world (Ahn et al. 2013).

Self-Transcendence

While in its original definition self-transcendence includes
prosocial qualities (Vago and Silbersweig 2012), we applied
a more distinct definition that addresses interactive experi-
ences that aim for transcendental states to achieve the disso-
lution of the narrative self, i.e., ego. It would be naïve to claim
that technology in its current state has the ability to achieve the
goal of permanent self-transcendence, but there are digital
experiences which can temporarily mimic a state of similar
quality. Understanding these experiences enables designers

to better develop interactive approaches to cultivate this aspect
of mindfulness.

In an artistic installation called Mind Pool (Long and Vines
2013), developed to cultivate self-reflection, participants sit in
front of a bowl with magnetic fluid that reacts to the partici-
pant’s brainwaves that are captured by an EEG. The feedback
is deliberately ambiguous to motivate participants to interact
with the system and to stimulate them to draw their own in-
terpretations about their mental states and the behavior of the
liquid. Although no formal evaluation has been conducted to
date, Mind Pool can provide an opportunity to see oneself in
the liquid, which with practice might lead to disembodiment
and a state of self-transcendence. The use of visualization is
also part of Vajrayana meditations, where practitioners focus
their attention on a self-generated deity or one Bvisualizes the
dissolution of the Deity and its entourage into emptiness, and
aspires to achieve awareness devoid of conceptualization^
(Amihai and Kozhevnikov 2014, p.3).

SOLAR (Prpa et al. 2016) is a visual virtual environment
for mindfulness meditation, which is controlled by the partic-
ipant’s breath and brain activity. On a screen, the meditator
sees a silhouette of themselves along with a circle that in-
creases and decreases in size corresponding to the breath.
When breathing in, the soundscape becomes more complex.
A circular background animation changes in color according
to the meditators depth of meditation, which is computed
from data of the EEG sensors. The interesting element of this
feedback system is that the silhouette of the meditator be-
comes more and more transparent the deeper they meditate.
The metaphorical dissolution of the body and mind is aligned
with the concept of self-transcendence. The expressive visu-
alization of transcending may help mediation, however, to
date SOLAR not formally evaluated. It may also be that in-
tentional goal setting is an obstacle to mediation as it stands in
contradiction to mindfulness meditation, which is instead an
effortless effort and the art of not trying.

Combining neurofeedback with virtual reality, RelaWorld
(Kosunen et al. 2016) is a meditation system that uses different
scenarios to engage its players in meditation. Here, the player
wears a head-mounted display, through which one of two
possible game scenarios is presented. First, a body scan prac-
tice is visualized by a silhouette and highlighting different
body parts. The second is a focused attention practice where
the player has to focus on one out of five balls. Both scenarios
are encompassed by a calm seaside setting, accompanied by
subtle animations and sound. Based on the player’s EEG sig-
nals, their level of concentration is mapped to the degree of
levitation, which is realized by a vertical movement in the
virtual world. An energy bubble that surrounds the scene be-
comes more visible the more the participant relaxes.

RelaWorld was evaluated with 43 participants who were
placed into one of three conditions, corresponding to using
RelaWorld on a computer screen or with a head-mounted
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display with or without neurofeedback (Kosunen et al. 2016).
The virtual reality neurofeedback condition was found to elicit
the highest level of presence and to provide the highest levels
for all aspects of the meditation experience, as measured by
the Meditation Depth Questionnaire (MEDEQ; Piron 2001).
The MEDEQ includes the factors transpersonal qualities and
transpersonal self, which correspond to the concept of self-
transcendence, as they measure aspects such as transcendence
of time, feeling at one with everything, becoming formless,
and expanding consciousness into infinity (Piron 2001).
Results did not differ between the two scenarios (Kosunen
et al. 2016), suggesting that the effective mechanisms at play
emanate from the immersive qualities of the virtual
environment.

This result supports other research that has demon-
strated how immersive virtual reality technology can
cause significant changes in consciousness. A study by
Lenggenhager et al. (2009) used head-mounted displays
to present incongruent cues about the bodily self-
location to induce an out-of-body-like experience, caus-
ing shifts in self-awareness, accompanied by sensations
of floating. RelaWorld also induces the sensation of
floating by creating the illusion of levitation, which is
a common phenomenon of both studies and might play
a role in altering states of consciousness. Future studies,
ideally including physiological measurements such as
brain activity, are needed to confirm RelaWorld’s effect
on self-transcendence and clarify the exact mechanisms
responsible.

Digital games may be valuable for facilitating self-
transcendence as they can provide a high level of engagement
and immersion, absorbing the player completely, thus giving
no cognitive room for worry and thinking, hence no room for
self-identity. For example, Tetris (Pajitnov 1984), a puzzle
game where falling bricks of different shapes have to be ar-
ranged to fill empty spaces, was found to have such a quality.
A study by Holmes et al. (2009) using Tetris for trauma shows
that mentally rotating shapes interfere with the development
of post-traumatic memories and their identification, and sig-
nificantly reduce flashbacks (Holmes et al. 2009).

The central quality of fast-paced meditative games is their
high level of immersion. Immersion, also referred to as pres-
ence, is an experiential state of being completely absorbed in
the game that is closely linked to the concept of flow
(Csikszentmihalyi 1992). Qualities that are associated with
the state of immersion are a focused attention, altering the
sense of time and losing a sense of self (Brown and Cairns
2004). The qualities fit with the experience of deep medita-
tion. Based on a study investigating dream and waking
consciousness of gamers and meditators, Gackenbach and
Swanston (2015) argue that games and meditation share a
similar role on consciousness, as the absorbing qualities of
both were found to impact dream control.

However, games and meditation have a significant distinc-
tion, which is their intention. While meditation cultivates the
intentional achievement of self-transcendence by training
present-moment awareness, fast-paced games can absorb the
player in a flow state that blocks all meta-awareness. For a
mindfulness game that is aimed to facilitate self-transcen-
dence, it is desirable to target the player’s internal stimuli
(instead of distracting them with external stimulation), while
exploiting its immersive potential to deepen the practice. An
example is the game SoundSelf (Arnott 2017) which uses the
player’s voice and breath as a playful input. The player con-
trols the game exclusively with sound, which is being manip-
ulated and replayed as a feedback mechanism. At the same
time, it creates psychedelic visuals to induce a trance-like state
and to facilitate absorption.

The interactive technologies discussed aim to develop self-
transcendence by applying an alternative mode of meditation
that makes use of sensory stimuli. Participant controls, often
biofeedback, are used to emerge auditive or visual experiences
to facilitate self-reflection through the exploration of ambigu-
ous stimuli (Long and Vines 2013). Visualizing meditation
progress with metaphors of transcendence in immersive virtu-
al reality technologies can alter the sense of self (Kosunen
et al. 2016; Prpa et al. 2016) and provides opportunities for
future mindfulness research. Another approach is to evoke
trance-like states to loose oneself in the experience and induce
a Bno-self^-like state (Vago and Silbersweig 2012). These
experiences, created mostly by digital games, can therefore
be classified as non-dual-oriented practices, as they are de-
signed to elicit an experiential shift into a mode of experienc-
ing in which the cognitive structure of self is no longer dom-
inant (Dahl et al. 2015).

This is supported by behavioral studies showing that some
gamers identify more with their virtual representation than
their real self (Bessière et al. 2007), which was further con-
firmed with neuroimaging data (Ganesh et al. 2012). The
quality of digital games to shift a player’s consciousness might
be a powerful tool for inducing transcendental states and is
probably closely linked with the level of immersion, as this
phenomenon is more likely for long-term players (Ganesh
et al. 2012). To achieve high immersion, it is recommended
to develop mindfulness technologies with ease of use in mind
and to put an emphasis on utilizing all senses extensively
(Brown and Cairns 2004).

The identified design recommendations to develop in-
teractive digital experiences for mindfulness include the
use of personalization, gamification, and social features
for intention and motivation; biofeedback training and
narrative for emotion regulation; moral dilemmas, per-
spective taking, and cooperative design for prosociality;
and explorative self-reflection, visualization and
immersive feedback, and the integration of internal stim-
uli for self-transcendence.
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Discussion

The increased attention in the field of contemplative science
sheds positive light on the convergence of technology and
mindfulness. This review discussed interactive technologies
that have or are likely to have an influence on mindfulness
or associated qualities, and which have not previously been
explored. The CHIME mindfulness model (Bergomi et al.
2014) and S-ART neurobiological framework (Vago and
Silbersweig 2012) were used to identify the research gap,
outlining components of mindfulness that have not been stud-
ied in this context. These were intention and motivation, emo-
tion regulation, prosociality, and self-transcendence.

For all components, digital games or game-like interactions
were found to be promising. Games have a naturally motivat-
ing appeal with great technical and creative possibilities and
are therefore concluded to be a valuable medium for mindful-
ness training. Integrating the player’s internal state and
adapting the virtual world to create a tailored and personalized
mindfulness experience should be a design premise, which
has been to date largely neglected in game design.
Furthermore, interactive mindfulness games are to date limit-
ed to single-user experiences only. Social interactions with
other users by implementing cooperative scenarios can facil-
itate feelings of oneness and community, saṅgha. Guiding or
enriching an experience with a meaningful narrative that in-
cludes moral dilemmas and encourages perspective taking
might, moreover, benefit the development of empathy and
other prosocial qualities of mindfulness.

Self-transcendence in the broader context of this review
needs more scientific exploration, with current interactive
approaches being highly experimental and still in their
infancy. Modern virtual reality technology can play a
key role in this perspective, as it offers a high sense of
presence and immersion compared to other media, while
providing a controlled and safe setting (Riva et al. 2015).
The opportunities of visualizing feedback, together with
the integration of user sensing by affordable biofeedback,
create new opportunities for exploring the inner self and
cultivating self-reflection and mindful awareness. For tech-
nology to be a valuable aid to self-transcendence, interac-
tive digital approaches have to rise from being mere sup-
port tools and become embodied experiences.

This paper contributes insights and practical pointers for
the design of interactive experiences to facilitate the cultiva-
tion of mindfulness. It complements the structured analysis by
Sliwinski et al. (2015), which, for each CHIME factor,
assessed the feasibility of interactive technologies, and digital
games in particular, to improve mindfulness through the de-
velopment of experiential knowledge in an engaging way.
Future research would profit from a more theoretical consen-
sus about the conceptualization of mindfulness and its effec-
tive delivery by digital technology. We encourage the

application of a more extensive definition of mindfulness,
beyond relaxation and attention training. The study of avail-
able commercial media and technologies poses a largely un-
tapped potential in this regard. Finally, as mindfulness is a way
of personal transformation, more longitudinal studies and in-
depth analysis are needed to examine the impact of technolo-
gy on mindfulness and the self.
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