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Abstract
Objectives  Technology is increasingly being used to help practise mindfulness. Immersive virtual reality-enhanced mind-
fulness may prove especially effective for a wide range of clinical interventions where traditional mindfulness is currently 
proving valuable. The current paper provides a preliminary survey of research on this topic, aimed at verifying scientific 
evidence that VR technology improves the practice of mindfulness and its therapeutic effectiveness. A recognition on emerg-
ing technological solutions aimed at improving decentering and interoceptive awareness (IA) in mindfulness interventions 
is also proposed.
Methods  A systematic search was performed in ACM, Science Direct, Web of Science, Scopus, IEEE Xplore, and PubMed, 
using the following keywords: “mindfulness” AND “virtual reality”. Quality Assessment Tool for Quantitative Studies 
(QATQS) was used to assess study quality.
Results  Fifty-three papers were considered in the review involving 1652 subjects. Pain, stress, depression, anxiety, borderline 
personality disorder, and addictions are the addressed clinical cases. The quality analysis did not reveal any strong quality 
papers and over 90% were rated as weak. According to the majority of the studies, VR guarantees increasing relaxation 
self-efficacy, reducing mind wandering, and preserving attention resources. Interoceptive awareness and decentering are 
both overlooked in the literature.
Conclusions  VR exhibits potential favourable features to support mindfulness practice, especially immersive and multisen-
sory VR. The use of bio/neurofeedback sensors allows an adaptive experience in real time. A design proposal for upcoming 
trends in VR-supported mindfulness was presented and the need for more rigorous, randomised controlled studies in the 
future was highlighted.

Keywords  Virtual Reality · Biofeedback · Neurofeedback · Mindfulness · Meditation · Healthcare 4.0

In the last decade, mindfulness training has been supported 
by Information and Communication Technology (ICT) 
solutions and scientific literature has been dealing with 
this trend. Among the technologies, virtual reality (VR) (in 
particular immersive VR) exhibits particularly favourable 

features to improve mindfulness practice. VR is defined 
as a real or imaginary 3D environment simulated on the 
computer that allows users to experience the sensation of 
being present in a different physical place (Sanchez-Vives 
and Slater, 2005).

Immersion is the system’s capability to adequately stim-
ulate all human perceptual channels (sensory, vestibular, 
proprioceptive, and interoceptive). The level of immersion 
offered by the VR system depends on the extension of the 
perceptual domains involved (multisensory integration) and 
on the accuracy, resolution, and reactivity in production of 
stimuli (Bohil et al., 2011). The psychological product of 
immersion is the sense of presence. The user is partially or 
totally unaware of the mediating role played by technology 
(Gorini et al., 2011). The user experiences the sensation of 
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“being there” in the virtual space (Bowman & McMahan, 
2007).

According to the predictive coding theory, the human 
brain, while interacting with the world, systematically makes 
predictions about what will happen next (Clark, 2013). The 
brain constantly generates an “embodied simulation”, con-
sidering both exteroceptive (sensory) and inner (interocep-
tive, proprioceptive, and vestibular) stimuli. Moseley et al. 
(2012) postulated the existence of a body matrix, as a multi-
perceptive representation of the body and the surrounding 
space.

Immersive virtual reality shares the same basic mecha-
nism with the brain: it is based on a model of the body and 
the environment, and their interaction. This model supports 
the prediction of the perceptive consequences of these inter-
actions. Furthermore, VR generates the multisensory stimuli 
congruent with the predictions of the model. In this perspec-
tive, the sense of presence is the result of simulation coher-
ent with the body matrix performed by the technology. The 
higher the fidelity of this simulation, the greater the level of 
presence (Riva et al., 2019).

According to Hölzel et al. (2011), mindfulness works 
according to a combination of fundamental mechanisms 
including body awareness and decentering (Fresco et al., 
2007). Regarding body awareness, mindfulness pursues the 
balanced improvement of the interoception: the capacity of 
receiving, accessing, and appraising internal bodily signals 
(Farb et al., 2015). In this way, for example, mindfulness 
prevents and treats dysfunctional forms of interoceptive 
awareness (IA) underlying chronic pain, anxiety, and disor-
dered eating (Hanley et al., 2017). Regarding decentering, 
mindfulness fosters the overcoming of the impression that 
the self is a constant and immutable entity. Therefore, it 
leads the subject to identify with the phenomenon of “expe-
riencing” itself rather than with a static self (Hölzel et al., 
2011). This decentering process is a key factor of the non-
judgmental awareness.

Immersive VR proposes experiences not only at an exter-
oceptive level, but also at an interoceptive one, by means of 
neuro/biofeedback. Interoceptive feedback can be mapped 
onto a sensory channel (e.g., acoustic, visual), by conveying 
symbolically internal information (e.g., heartbeat and hun-
ger stimulus). On the other hand, the feedback can also be 
returned directly as a physiological stimulus, through suit-
able acoustic and vibrotactile actuators (Riva et al., 2017). 
VR can correct dysfunctional representations of the body 
by determining a controlled mismatch between the model 
predicted by the brain (body matrix) and the actual stimuli 
offered to the user (Riva et al., 2017). In this way, immersive 
VR actually promotes an alteration of the body matrix. In 
particular, it contributes to build a new vision of oneself 
(decentering), by generating the sensation of a presence in 
a virtual body and in the digital space around it, and by 

introducing an experience that alters previous perceptions 
(Riva et al., 2019).

The isolation of the participant from external distractors 
is a further enhancement provided by VR to mindfulness 
training. Focusing and keeping a continuous attention on a 
certain object are a challenging skill to achieve, especially 
for novices (Lutz et al., 2008). VR (in particular immersive 
VR) transports the practitioner to a new scenario without 
distracting stimuli (Costa et al., 2019).

VR allows the practitioner to experience multisensory 
contacts with natural environments without leaving home: 
the more the user feels “away from the spaces of every-
day stress”, the deeper the meditation (Costa et al., 2019). 
According to attention restoration theory (ART), the immer-
sion in natural environments can lead to a rehabilitation of 
attentional resources often exhausted due to stress (Kaplan, 
1995). Also, the possibility of personalising environments 
offered by VR can improve mindfulness: satisfying user 
preferences in terms of attentional anchors can improve 
engagement and adherence to the mindfulness practice. 
Indeed, as discussed by Anderson and Farb (2018), indi-
viduals have personal preferences about the most suitable 
stimulus to capture their attention. Finally, a sense of com-
munity can be fostered by the presence of social interactions 
between users, facilitating feelings of unity (Sliwinski et al., 
2017). Networked and multi-user VR sessions allow for the 
sharing of mindfulness experiences without limits of spatial 
distance.

In the therapeutic field, there is growing evidence of 
the effectiveness of VR exposure therapy (VRET) for the 
treatment of phobias, anxiety disorders and post-traumatic 
stress disorder (Garcia-Palacios et al., 2002), and specifically 
in the field of cognitive rehabilitation, also taking advantage 
of serious games (Barba et al., 2019; Nunnari et al., 2019). 
In the case of virtual mindfulness, the idea is to minimise 
the likelihood that the mind wanders in the form of 
distracting thoughts. Although immersive VR applied to 
mindfulness skills training is not yet well documented, some 
studies explored its potential, showing encouraging results 
(Chandrasiri et al., 2020; Flores et al., 2018; Gomez et al., 
2017; Navarro-Haro et al., 2016, 2017). The use of bio- 
and neurofeedback may have remarkable results to support 
mindfulness practice. Moreover, the multisensory feedback 
can be returned in real time by means of a gradual evolution 
of the virtual environment, taking advantage of gamification 
dynamics (Choo & May, 2014).

More than 10 years after the first research, a survey on 
studies concerning VR-supported mindfulness was never 
carried out. Some reviews focused on mindfulness supported 
by interactive technologies. However, in Sliwinski et al. 
(2017), virtual reality is not covered in an exhaustive way 
(only 5 papers). In other recent reviews (Choo & Burton, 
2018; Lyzwinski et al., 2018; Plaza et al., 2013), only mobile 

557Mindfulness  (2022) 13:556–571

1 3



app-based solutions were considered. There are also many 
surveys reviewing whether VR is an effective tool in clinical 
application (Lindner et al., 2019; Stănică et al., 2016), but 
none specifically concerning mindfulness. Furthermore, a 
framework-background is needed in order to position new 
studies on VR-supported mindfulness evaluating the scien-
tific relevance more appropriately (Kitchenham, 2004).

The research questions of this review are as follows: Is 
there scientific evidence that VR technology improves the 
practice of mindfulness? Is there scientific evidence that VR 
technology improves the therapeutic effectiveness of mind-
fulness? Are there any experimental studies focusing on 
the specific support given by VR to mindfulness in order to 
increase interoceptive awareness and decentering? Are there 
innovative design solutions emerging in the VR-supported 
mindfulness field and, if so, for what specific purposes?

Method

Search Strategy

This study implemented the guidelines for systematic litera-
ture reviews presented by Kitchenham (2004), also follow-
ing PRISMA recommendations to ensure a transparent and 
complete reporting of the paper extraction process (Moher 
et al., 2011). A literature search was performed covering the 
period between January 2010 and January 2021, by using 
the following databases: Association of Computing Machin-
ery (ACM), Science Direct, Web of Science, Scopus, IEEE 
(Institute of Electrical and Electronics Engineers) Xplore, 
and PubMed.

The following search terms were used in combination 
for the research in all the databases considering titles and 
abstracts: (VR OR Virtual Reality) AND Mindfulness. In 

Fig. 1, the PRISMA flow diagram of VR-supported mind-
fulness systematic review process is depicted. In the Iden-
tification phase, we searched the databases by applying the 
search terms. Regarding the eligibility criteria, the papers 
had to be peer-reviewed, published in journals/conference 
proceedings, and written in English. Then, the screening 
process was carried out, by combining the results of each 
sources and excluding all the duplicates. Manual screen-
ing based on titles and abstracts was performed in order to 
eliminate papers according to further eligibility criteria. Spe-
cifically, papers were excluded if the word mindfulness was 
merely used as a reference to a dispositional state or trait 
(i.e. awareness) rather than a meditation protocol/technique. 
In the final step (eligibility phase), all the survived full-text 
papers (a) focused not specifically on mindfulness medita-
tion or (b) that proposed non-immersive VR solutions (i.e. 
not based on 3D computer graphics and first-person perspec-
tive (Gorisse et al., 2017)) were kept out. All papers that 
passed this last phase were included in the review analysis 
in order to answer the research questions.

Quality Assessment Strategy

A quality assessment was realised on the collected papers. 
First of all, the papers were clustered according to their 
goals. The labels for the clusters were borrowed from the 
Food and Drug Administration Guidance Document con-
cerning the early feasibility study for Medical Devices (U.S. 
Food and Drug Administration, 2013). The Design and Pro-
totyping studies (DS) focus on the innovation of their pro-
posal and are not oriented to its experimental validation. 
The Early Feasibility studies (EFS) are interested in testing 
how the technological solution is safe, ergonomic, and user-
friendly. The Feasibility studies (FS) experimentally validate 
the outputs of a VR-supported mindfulness sessions in terms 

Fig. 1   PRISMA flow diagram 
(Moher et al., 2011) of VR-sup-
ported mindfulness systematic 
review process
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of improvement in the therapy application (for example in 
terms of therapy adherence). For these studies, the clinical 
context is not strictly necessary. The Pivotal studies (PS) 
are focused on the assessment of a VR-supported mindful-
ness therapy outcomes. Therefore, they define a therapeutic 
need, and experimentally measure the effectiveness of the 
interventions in the medium and long term.

All the collected papers, excluding those belonging to the 
Design and Prototyping cluster, were classified according to 
Quality Assessment Tool for Quantitative Studies (QATQS) 
(Thomas et al., 2008). Even though Early Feasibility and 
Feasibility studies do not concern clinical trials, they were 
included in the quality assessment because they are all based 
on experimental campaigns. The papers were evaluated 
according to the six components of the QATQS: (1) selec-
tion bias, (2) study design, (3) confounders, (4) blinding, (5) 
data collection methods, and (6) withdrawal and drop outs. 
As proposed in Kriakous et al. (2021), each component was 
rated on a quality score of 1 to 3. The papers were labelled 
according to their overall score based on the following cri-
teria: if no component obtained a score of 3, the paper is 
labelled as strong; if only one component has a score of 3, 
the paper is labelled as a medium; if at least two components 
have a score of 3, the papers are labelled as weak.

Firstly, the evaluation was implemented by the second 
author, by following the QATQS protocol guidelines. Then, 
the fourth author independently evaluated the papers for the 
second time. Finally, in case of disagreement, all authors 
were involved to discuss further and seek convergence. 
A QATQS dictionary was used to keep standardised and 
homogeneous results. Following further discussion, the 
authors did not note any deviations in the interpretation of 
the results.

Results

The search conducted through ACM Digital Library, Science 
Direct, Web of Science, Scopus, IEEE Xplore, and Pub-
Med revealed one hundred and fifty-eight papers duplicates 
excluded. During the abstract screening, sixty papers were 
excluded because they did not meet the inclusion criteria. 
Forty-seven more studies were excluded after the full-text 
screening. For each paper passed through the eligibility 
phase, the included references were analysed. This led to 
include three additional relevant documents not returned in 
the initial search. Overall, fifty-three papers concerning VR-
supported mindfulness solutions were included in the review 
analysis. The paper distribution per year is reported in Fig. 2.

No strong paper resulted from the quality analysis. Fur-
thermore, only three studies reached the medium level 
(Goldenhersch et al., 2020; Igna et al., 2014; Navarro-Haro 
et al., 2019). All the others (more than 90%) were classified 

as weak (Table 1). The QATQS component most impacting 
on the bad quality performances was the blinding. Except 
for one, not all papers implemented a blinding strategy. The 
only exception is Tinga et al. (2019), where the sources of 
the biofeedback were randomly connected to the patient 
body or to a signal generator. As regards the types of clini-
cal studies, the percentages of their occurrences are reported 
in Table 1. Only 27% of the experimental studies used a 
control group: nine Randomised Control Studies (RCS), 
and two Control Clinical Studies (CCS). The remaining 
63% adopted a before-after strategy in twenty-nine cases, 
and an after-only strategy in three cases (see Table 1). In 
Fig. 3, the occurrences of Clinical study types and relative 
quality levels are reported. The median value of the experi-
mental samples is 23. Even when the number of partici-
pants is higher the number of experimental sessions often 
appears to be limited. The collected clinical use cases are 
(Fig. 4) chronic and acute pain (Botella et al., 2013; Darnall 
et al., 2020; Garrett et al., 2017; Gromala et al., 2011, 2015; 

Fig. 2   Number of papers per years on VR-supported mindfulness 
published since 2007

Table 1   Papers on 
VR-supported mindfulness: 
percentage distributions with 
respect to: clinical study types, 
design of the experiment, and 
quality of the study

Clinical study types
 Design and Prototyp-

ing
24%

Early Feasibility 6%
 Feasibility 49%
 Pivotal 21%

Design of experiment
 RCT​ 22.5%
 CCT​ 5%
 Before/after 60%
 After only 12.5%

Quality of the study
 Strong 0%
 Medium 7.5%
 Weak 92.5%
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Haisley et al., 2020; Louw et al., 2019; Tong et al., 2016), 
stress syndromes (Botella et al., 2013; Chavez et al., 2020; 
Costa et al., 2018; Flores et al., 2018; Gomez et al., 2017), 
depression (Botella et al., 2013; Flores et al., 2018), anxi-
ety (Botella et al., 2013; Chavez et al., 2020; Flores et al., 
2018; Gomez et al., 2017; Navarro-Haro et al., 2019; Seol 
et al., 2017; Tarrant et al., 2018), borderline personality dis-
order (Navarro-Haro et al., 2016), and substance dependence 
(Chen et al., 2018; Goldenhersch et al., 2020).

Table 2 presents the collected fifty-three papers, distin-
guished by application field (therapeutic and educational). 
Furthermore, the eventual use of bio/neurofeedback is 
reported and, in the case of immersive applications, the dis-
play model is specified. The type of the study (i.e. Design 
and Prototyping, Early Feasibility, Feasibility, and Piv-
otal) is reported in the last column, according to the labels 
presented in the “Method” section. In the column Quality 
Assessment, (i) the design of the experiment, (ii) the sample 
size and the number of sessions, and (iii) the quality score 
are reported. Randomised controlled trial, controlled clinical 

trial, before-after study, and only-after study resulted to be 
the different types of experiment designs.

Eighty-nine percent make use of immersive VR interfaces 
(Table 3), by means of a head-mounted display (HMD), pre-
ferring commercial models such as the Oculus Rift (36%), 
followed by Oculus Go (15%), and low-cost mobile solutions 
such as Samsung Gear VR (13%), HTC Vive (11%), Google 
Cardboard (4%), and Google Daydream (4%) (Table 3). The 
transition from non-immersive solutions, usable via screens 
or projectors, to immersive interfaces appears to be growing 
rapidly in recent years. Forty-five percent propose adaptive 
systems based on biosignals’ processing (Table 3). Forty-
five of examined studies focused on the educational field, the 
remaining 55% focused on clinical interventions (Table 3). 
Compared to non-immersive VR, using traditional input 
and output tools (screen, keyboard, mouse), with respect 
to the interaction and navigation of the user in the scene 
(Botella et al., 2013), most of the reviewed solutions are ori-
ented towards immersive virtual reality, employing a head-
mounted display. Several papers collected in this survey pro-
pose a tool for the mindfulness skills training (Chandrasiri 
et al., 2020; Choo & May, 2014; Costa et al., 2019; Kosunen 
et al., 2016; Roo et al., 2017; Shaw et al., 2011). For exam-
ple, the system in Chandrasiri et al. (2020) immerses users 
in relaxing scenarios consisting of 360° videos experienced 
by wearing the Oculus Rift HMD. In Fig. 5, a standard archi-
tecture of an immersive VR-supported approach is shown. 
Many papers exploit immersive VR in order to immerse the 
user in natural scenarios (Blum et al., 2019; Costa et al., 
2019; Kosunen et al., 2016; Navarro-Haro et al., 2016), in 
accordance with attention restoration theory (ART) and with 
design principles focused on Biophilia. Moreover, immer-
sive VR is adopted in cognitive psychology interventions. 
Encouraging results are reported for the treatment of bor-
derline personality disorder, in the context of dialectical 
behavior therapy (DBT) (Navarro-Haro et al., 2016, 2017), 
by using a nature-inspired virtual scenario. The authors 
pointed out the short-term benefits in patients, due to the 
increasing of their level of acceptance. The potential of the 
solution to improve the therapeutic outcome is also high-
lighted. Navarro-Haro et al. (2016) pointed out that VR can 
be particularly valuable for clinical psychology applications 
because many patients with psychological problems also 
have trouble concentrating and find mindfulness too difficult.

Biofeedback may represent a promising upgrade for a 
VR-supported mindfulness intervention. In Gromala et al. 
(2015), the non-immersive virtual meditative walking 
(VMW) is proposed, in order to treat patients with chronic 
pain. The system simulates a meditative walk in a forest, 
adapting the weather conditions of the environment accord-
ing to the subject’s skin conductance (and his/her state of 
arousal). If the user is relaxed, the weather appears clear, 
while as the levels of anxiety increase, the scenario changes, 

Fig. 3   Occurrences of Clinical study types and relative quality levels. 
Weak = red, medium = yellow

Fig. 4   Papers on VR-supported mindfulness: numbers with respect to 
clinical use cases
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Table 2   VR-supported mindfulness solutions published before Octo-
ber 2020 distinguished by application field: education (Ed) or therapy 
(Th). Integration with biofeedback (Bf) and/or neurofeedback (Nf) 
is reported. In case of immersive VR applications (I), the model of 
HMD is specified (NVAL, not available). The type of the study is 

reported: DS, design and prototyping; EFS, early feasibility; FS, Fea-
sibility; PS, Pivotal. Finally, the quality assessment for each study is 
provided according to the Quality Assessment Tool for Quantitative 
Studies (QATQS) (Thomas et  al., 2008) (NA, not applicable; CCT​, 
controlled clinical trial; RCT​, randomised controlled trial)

Reference I Bf Nf Field Clinic use case HMD model Quality assessment Type

Gromala et al. (2011) ✓ ✓ ✗ Th Chronic/acute pain NVAL N.A DS
Shaw et al. (2011) ✓ ✓ ✗ Th Chronic/acute pain Others Before-after study; N = 411; 

#Sessions = 1
QATQS: weak (score = 17)

FS

Botella et al. (2013) ✗ ✗ ✗ Th Pain, anxiety, depression, 
stress

Before-after study; N = 6; 
#Sessions = 10

QATQS: weak (score = 15)

PS

Choo and May. (2014) ✓ ✗ ✓ Ed NVAL N.A DS
Igna et al. (2014) ✓ ✗ ✗ Th Chronic/acute pain Samsung Gear VR CCT; N = 68; #Sessions = 6

QATQS: medium (score = 11)
PS

Gromala et al. (2015) ✗ ✓ ✗ Th Chronic/acute pain RCT; N = 13; #Sessions = 1
QATQS: weak (score = 14)

FS

Prpa et al. (2015) ✗ ✓ ✓ Ed N.A DS
Shamekhi and Bickmore 

(2015)
✗ ✓ ✗ Ed Before-after study; N = 9; 

#Sessions = 1
QATQS: weak (score = 15)

FS

Amores et al. (2016) ✓ ✗ ✓ Ed Oculus Rift N.A DS
Cikajlo et al. (2016) ✓ ✗ ✗ Th Anxiety, stress Samsung Gear VR Before-after study; N = 8; 

#Sessions = 8
QATQS: weak (score = 16)

PS

Kosunen et al. (2016) ✓ ✗ ✓ Ed HTC Vive Before-after study; N = 43; 
#Sessions = 1

QATQS: weak (score = 15)

FS

Moseley (2016) ✓ ✗ ✓ Ed Google Cardboard N.A DS
Navarro-Haro et al. (2016) ✓ ✗ ✗ Th Borderline personality 

disorder
Others Before-after study; N = 1; 

#Sessions = 4
QATQS: weak (score = 16)

FS

Tong et al. (2016) ✓ ✓ ✗ Th Chronic/acute pain Oculus Rift After-only study; N = 20; 
#Sessions = 1

Quality: weak (score = 16)

EFS

Garrett et al. (2017) ✓ ✗ ✗ Th Chronic/acute pain Oculus Rift Before-after study; N = 8; 
#Sessions = 12

QATQS: weak (score = 16)

PS

Gomez et al. (2017) ✓ ✗ ✗ Th Anxiety, stress Oculus Rift Before-after study; N = 1; 
#Sessions = 4

QATQS: weak (score = 16)

FS

Navarro-Haro et al. (2017) ✓ ✗ ✗ Th Borderline personality 
disorder

Oculus Rift Before-after study; N = 44; 
#Sessions = 1

QATQS: weak (score = 15)

FS

Patibanda et al. (2017) ✓ ✗ ✗ Ed Others After-only study; N = 32; 
#Sessions = 1

Quality: weak (score = 17)

EFS

Seol et al. (2017) ✓ ✓ ✗ Th Anxiety Oculus Rift Before-after study; N = 5; 
#Sessions = 2

QATQS: weak (score = 17)

PS

Sol Roo et al. (2017) ✓ ✓ ✗ Ed Oculus Rift Before-after study; N = 12; 
#Sessions = 1

QATQS: weak (score = 16)

FS

Bruggeman and Wurster 
(2018)

✓ ✓ ✗ Ed Oculus Go N.A DS

Chen et al. (2018) ✓ ✗ ✗ Th Addiction HTC Vive N.A DS
Costa et al. (2018) ✓ ✓ ✓ Th Stress NVAL N.A DS
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Table 2   (continued)

Reference I Bf Nf Field Clinic use case HMD model Quality assessment Type

Damen and Van der Spek 
(2018)

✓ ✗ ✗ Th Depression Samsung Gear VR Before-after study; N = 30; 
#Sessions = 1

QATQS: weak (score = 17)

FS

Flores et al. (2018) ✓ ✗ ✗ Th Anxiety, stress, depression Oculus Rift Before-after study; N = 2; 
#Sessions = 3

QATQS: weak (score = 17)

FS

Palomo et al. (2018) ✓ ✗ ✗ Th Samsung Gear VR N.A DS
Paredes et al. (2018) ✓ ✗ ✗ Ed Oculus Rift After-only study; N = 15; 

#Sessions = 1
Quality: weak (score = 16)

EFS

Prpa et al., (2018a, 2018bA) ✓ ✓ ✗ Ed Oculus Rift After-only study; N = 11; 
#Sessions = 1

QATQS: weak (score = 17)

FS

Prpa et al., (2018a, 2018bB) ✓ ✓ ✗ Ed Oculus Rift/HTC Vive N.A DS
Tarrant et al. (2018) ✓ ✗ ✗ Th Anxiety Samsung Gear VR CCT; N = 21; #Sessions = 1

QATQS: weak (score = 13)
FS

Blum et al. (2019) ✓ ✓ ✗ Ed Oculus Rift RCT; N = 60; #Sessions = 1
QATQS: weak (score = 14)

FS

Cebolla et al. (2019) ✓ ✗ ✗ Ed Oculus Rift RCT; N = 16; #Sessions = 8 
(2 weeks)

QATQS: weak (score = 14)

FS

Costa et al. (2019) ✓ ✗ ✗ Ed HTC Vive Before-after study; N = 12; 
#Sessions = 1

QATQS: weak (score = 14)

FS

Edirisooriya et al. (2019) ✗ ✓ ✗ Th Anxiety, stress Before-after study; N = 26; 
#Sessions = 3 weeks

QATQS: weak (score = 6)

PS

Louw et al. (2019) ✓ ✗ ✗ Th Chronic/acute pain Others Before-after study; N = 1; 
#Sessions = 3

QATQS: weak (score = 17)

PS

Moller et al. (2019) ✓ ✗ ✗ Ed Oculus Go N.A DS
Navarro-Haro et al. (2019) ✓ ✗ ✗ Th Anxiety Oculus Rift RCT; N = 39; #Sessions = 7

QATQS: medium (score = 11)
PS

Tinga et al. (2019) ✓ ✓ ✗ Ed Oculus Rift RCT; N = 60; #Sessions = 1
QATQS: weak (score = 12)

FS

Venuturupalli et al. (2019) ✓ ✓ ✗ Th Chronic/acute pain Samsung Gear VR Before-after study; N = 20; 
#Sessions = 1

QATQS: weak (score = 16)

FS

Chandrasiri et al. (2020) ✓ ✗ ✗ Ed Oculus Rift Before-after study; N = 32; 
#Sessions = 1

QATQS: weak (score = 16)

FS

Chavez et al. (2020) ✓ ✗ ✗ Th Stress, anxiety Oculus Go RCT; N = 30; #Sessions = 1
QATQS: weak (score = 14)

FS

Costa et al. (2020) ✓ ✗ ✗ Ed NVAL Before-after study; N = 21; 
#Sessions = 1

QATQS: weak (score = 15)

FS

Crosswell and Yun (2020) ✓ ✗ ✗ Ed Google Daydream Before-after study; N = 25; 
#Sessions = 1

QATQS: weak (score = 16)

FS

Darnall et al. (2020) ✓ ✓ ✗ Th Chronic/acute pain Oculus Go RCT; N = 97; #Sessions = 21
QATQS: weak (score = 12)

PS

Gatto et al. (2020) ✓ ✗ ✗ Ed Oculus Go N.A DS
Goldenhersch et al. (2020) ✓ ✓ ✗ Th Addiction Google Cardboard RCT; N = 150; #Sessions = 21

QATQS: medium (score = 10)
PS

Haisley et al. (2020) ✓ ✓ ✗ Th Chronic/acute pain Oculus Go RCT; N = 52; #Sessions = 6
QATQS: weak (score = 13)

PS
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increasing the fog level. The system is based on a Deep-
Stream3D immersive desktop display, a specific display used 
to transform a PC desktop into a wide-screen 3D theatre. 
Therefore, the user can look around but use the mouse to 
control the gaze direction. Shaw et al. (2011) inaugurated 
the use of biofeedback in immersive VR-based mindfulness. 
By means of meditation and biofeedback, users are able to 
achieve awareness of physiological states that are not usually 

directly perceptible. They propose the meditation chamber, 
an immersive virtual reality adaptive to the inputs produced 
by a biofeedback system (respiration rate, heart rate, and gal-
vanic skin response). The system pursues to (i) reduce stress 
levels mainly through muscle relaxation and other medita-
tion exercise, and (ii) allow users with limited meditation 
skills to perceive the change in physiological states. In Seol 
et al. (2017), the heart rate information is fed back to the 
user through a haptic interface, which is a simulacrum of 
the user’s heart beating in his hand. The system architecture 
is highlighted in Fig. 6. The use of a tangible haptic feed-
back is an example of an augmented virtuality strategy to 
improve concentration on the present. In Blum et al. (2019), 
the advantages of implementing heart rate variability (HRV) 
biofeedback in a virtual scenario are shown. Although the 
weak quality of the study (14-scored QATQS), the results 
suggest that a virtual reality-based implementation proves to 
be more effective than the standard one in several respects, 
including increasing relaxation self-efficacy, reducing mind 
wandering, and preserving attention resources.

Neurofeedback is a peculiar type of biofeedback theoreti-
cally aimed at applying the principles of biofeedback at a 
neurocognitive level, for the self-modulation of some func-
tions of the central nervous system. This self-check is made 
easier through the information deriving from the electroen-
cephalogram (EEG) processed by a computer and displayed 
with a delay of a few milliseconds. In Gil et al. (2018), the 
effectiveness of neurofeedback for improving mindfulness-
related capacities in healthy individuals was demonstrated. 
Fifty volunteers were asked to focus on increasing the upper 
alpha power. EEG signals were averaged over parieto-occipi-
tal locations. In Sas and Chopra (2015), the benefits of EEG-
based binaural feedback in deepening meditative states were 
found, particularly for novice meditators. The brain activity 

Table 2   (continued)

Reference I Bf Nf Field Clinic use case HMD model Quality assessment Type

Min et al. (2020) ✓ ✓ ✗ Th Anxiety Oculus Rift Before-after study; N = 25; 
#Sessions = 1

QATQS: weak (score = 15)

FS

Mistry et al. (2020) ✓ ✗ ✗ Th Stress Other Before-after study; N = 96; 
#Sessions = 1

QATQS: weak (score = 14)

FS

Miller et al. (2020) ✓ ✗ ✗ Ed Others Before-after study; N = 48; 
#Sessions = 1

QATQS: weak (score = 13)

FS

Seabrook et al. (2020) ✗ ✗ ✗ Ed Oculus Go Before-after study; N = 37; 
#Sessions = 1

QATQS: weak (score = 16)

FS

Yildirim and O’Grady (2020) ✓ ✗ ✗ Ed HTC Vive After-only study; N = 45; 
#Sessions = 3

QATQS: weak (score = 17)

FS

Olbrecht et al. (2021) ✓ ✗ ✗ Th Chronic/acute pain Google Daydream N.A DS

Table 3   Papers on VR-supported mindfulness: percentage distri-
butions with respect to VR technology, VR head-mounted display 
(HMD), feedback solution adopted, and application field (N.A., not 
available)

VR technology
 Immersive VR 89%
 Not Immersive VR 11%

VR head-mounted display (HMD)
 Oculus Rift 36%
 Oculus Go 15%
 Samsung Gear VR 13%
 HTC Vive 11%
 Others 8.5%
 N.Val 8.5%
 Google Cardboard 4%
 Google Daydream 4%

Feedback solution adopted
 No-feedback 55%
 Bio-feedback 34%
 Neuro-feedback 7%
 Bio/Neuro-feedback 4%

Application field
Education 45%
Therapy 55%

563Mindfulness  (2022) 13:556–571

1 3



modulation appears to be induced directly on a physiological 
level without conscious involvement of the user (Birbaumer 
et al., 2013; Cho et al., 2008). Electroencephalographic 
signals may be also used for a quantitative assessment of 
mindfulness effectiveness. A systematic review on 56 papers 
(Lomas et al., 2015), collecting experiments on 1715 sub-
jects (21% with psychiatric diagnoses), highlighted the 
enhancement of alpha and theta power as the most frequent 
mindfulness effect. High alpha and theta levels, in both 
healthy individuals and in patient groups, may signify a state 
of relaxed alertness, which is a condition valuable to mental 
health. In Balconi et al. (2017), the preliminary evidence on 
the effect of an intensive technology-mediated meditation 
protocol, based on mindfulness practices and supported by a 
brain-sensing wearable device, was presented. The outcome 
indices included instrumental measures (resting-state and 
task-related electroencephalographic markers—EEG-ERPs).

SOLAR (Prpa et al., 2015) is an example of VR-sup-
ported mindfulness solution based on EEG signals. The sys-
tem recreates a non-immersive virtual environment (avail-
able on screen), modelled by means of abstract objects, in a 
consistent way with the user’s breathing rate and also with 
brain activity (recorded using an EEG Emotiv Epoc headset). 
The prototype is based on non-invasive and non-distracting 

audio-visual stimuli, used to catch the user’s attention. The 
gamification module is based on rewarding practices and 
natural scenarios. In Choo and May (2014), the authors pro-
posed Serenity that is a game for mindfulness skills devel-
opment based on the use of virtual reality and assisted by 
neurofeedback (Emotiv EPOC). A rewarding mechanism is 
used to incentivise the player consciously meditate with the 
software. A reward is guaranteed for each lesson completed 
each completed lesson, no matter how poorly or well the 
participant performed. This helps prevent performance anxi-
ety among users, who should feel free to focus on learning 
mindfulness at their own pace. In Kosunen et al. (2016), the 
authors proposed the RelaWorld system whose goal is to 
implement two mindfulness techniques, through virtual real-
ity and neurofeedback (Fig. 7) which are point focus medita-
tion (PFM) and body scan meditation (BSM). The former is 
achieved by focusing the user’ s attention on a specific point, 
the latter by offering an interface in which the user is sequen-
tially invited to focus on a specific region of the body. The 
immersive VR interface (available on the Oculus Rift HMD) 
is based on a relaxing scenario, depicting a natural tropical 
paradise. Neurofeedback was used to detect alpha and theta 
waves’ activity, both involved during meditation and related 
to relaxation and concentration respectively. The results of 

Fig. 5   Standard architecture of 
an immersive VR-supported 
approach: mindfulness audiovis-
ual contents are enjoyed by the 
user through a head-mounted 
display (Navarro-Haro et al., 
2017)

Fig. 6   Architecture of a 
biofeedback based VR-haptic 
system: a simulacrum of the 
user’s heart beats in his hand 
synchronized to the heart rate 
signal (Seol et al., 2017)
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this before-after study (15-scored QATQS) indicate better 
performance for the neuro-adaptive VR session, compared 
to the session without neurofeedback and the session without 
VR or neurofeedback. The analysis is based on the output of 
the meditation depth questionnaire (MEDEQ).

Discussion

The general quality weakness characterising the literature 
does not allow to point out evidences about the relationship 
between VR and mindfulness. Nevertheless, research 
questions related to the effect of VR on adherence and 
effectiveness in mindfulness practice can be answered by 
borrowing the conclusions of a few better rated papers. 
Papers from FS cluster address the adherence issue, and 
among them, Tarrant et al. (2018) presented a 13-scored 
CCT study based on the use of electroencephalography. 
Twenty-one participants in a single experimental session 
validated the hypothesis that a VR-supported solution 
provides better results than the traditional mindfulness 
treatment (control group). The measurement system was 
based on electrophysiological markers of anxiety. Miller et al. 
(2020) proposed a 13-scored before-after study with forty-
eight subjects and one experimental session. VR-supported 
meditation resulted more effective than typical (non-VR) one 
for inducing positive affective experiences.

Immersive VR makes gamification strategies easily 
applicable. Gamification can help increase retention, 
affection, and motivation to practise and, therefore, address 
adherence. Among all technology-assisted mindfulness 
interventions, immersive VR solutions are more effective 
from the engagement (assisted by the gamification 
dimension) and user motivation perspectives. More in 
general, the practice of video games captures players’ 
attention and improves it (Green & Bavelier, 2003); when 

an immersive multimodal channel is used, the sense of 
absorption, which is the ability to involve attentional 
capacity continuously over time, increases. It is complex to 
consider mindfulness like a game from the point of view of a 
practitioner, because games, by definition, lead to encourage 
external attention, whereas mindfulness tends towards 
introspection and focuses on the inner self (Choo & May, 
2014). Furthermore, putting gamification mechanics based 
on challenges and rewards together with mindfulness seems 
antithetical, as meditation is far from stimulating competition 
and achievement (Shapiro et al., 2018). The reviewed studies 
focus on the use of gamification dynamics in a smart way, in 
order to avoid generating side effects. Rewarding practices 
should always reward the player for continued practice 
and never discourage poor performance and “failures”. 
Specifically, the more time the user spends practising, the 
newer stages should be unlocked in the experience (e.g. new 
meditation scenarios, new exercises). The meditation score, 
based on the psychophysiological data collected, must also be 
returned through non-distracting environmental storytelling 
elements, contextual to the experience. Several studies 
offer a series of design best practices to consider in the 
future development of gamification experiences to support 
mindfulness (Sliwinski et al., 2015, 2017). Ultimately, the 
use of motivational design sounds crucial for a good virtual 
mindfulness experience (Amores et al., 2016; Choo & May, 
2014; Kosuru et al., 2019; Prpa et al., 2015).

The PS cluster papers refers to the effectiveness of 
VR-based mindfulness on specific therapeutic outcomes. 
Among them, Goldenhersch et  al. (2020) presented a 
10-scored RCT study on an immersive VR smartphone-
based intervention implemented to support smoking 
cessation through mindfulness meditation. One hundred 
and fifty participants were involved in twenty-one 
experimental sessions, and the system showed great 
potential in relation to participant adherence and initial 

Fig. 7   A neurofeedback-based 
immersive VR solution. A 3D 
virtual reality environment is 
designed for meditation prac-
tices in RelaWorld (Kosunen 
et al., 2016). The Oculus Rift 
DK2 headmounted display is 
used together with the EEG 
recored QuickAmp (BrainProd-
ucts GmbH., Germany)

565Mindfulness  (2022) 13:556–571

1 3



efficacy of therapy. Igna et  al. (2014) presented an 
11-scored CCT study with sixty-eight participants on six 
experimental sessions. The study gathered results related 
to the beneficial impact of mindfulness treatments with 
and without VR for the reduction of chronic back pain. 
The results pointed out how pain levels tended to be lower 
in the mindfulness-based protocol group (MBCT) than in 
the control one. In this context, no differences were revealed 
between the VR-based solution and the traditional treatment. 
Finally, Navarro-Haro et al. (2019) presented an 11-scored RCT 
study, with thirty-nine participants over seven experimental 
sessions, geared towards the treatment of general anxiety 
disorder (GAD) in primary care. Their results confirmed the 
hypothesis that the group receiving a VR-mindfulness training 
protocol (DBT) tends to be more adherent to the intervention 
than to the traditional intervention alone.

The study proposed by Navarro-Haro et al. (2019) is 
the only one focusing on the interoceptive awareness. By 
processing data from the Multidimensional Assessment of 
Interoceptive Awareness (MAIA) questionnaire (Mehling 
et al., 2012), the study proved an increase of IA in both 
experimental and control groups. Nevertheless, the study 
did not use any biofeedback. Tinga et al. (2019), based on a 
blinded RCT, showed that respiratory biofeedback has low 
effectiveness in reducing objective arousal (assessed through 
EEG and heart rate variability) compared to placebo control 
feedback. However, the potential of biofeedback in support-
ing IA is not considered. In general, the literature shows a 
lack of attention to the role of biofeedback in IA.

With regard to decentering, almost 50% of the reviewed 
studies use cutting-edge VR technologies (Oculus Rift and 
HTC Vive HMDs) ensuring high accuracy, resolution, and 
reactivity in the production of stimuli. In these cases, the 
high level of immersion is compatible with effective inter-
ventions on the body matrix. However, no study exploits the 
immersive potential of VR in altering previous perceptions 
and in contributing to build a new vision of oneself.

The reviewed papers provide several contributes address-
ing innovative design solutions emerging in the VR-sup-
ported mindfulness field. The use of bio/neurofeedback data 
in the immersive VR environment allows the customization 
of a scenario according to the subject. In this way, it is possi-
ble to offer an experience closer to the cultural sensitivity of 
the patient. Furthermore, individuals belonging to the same 
culture react in different ways to certain stimuli or scenarios. 
Partiality (Anderson & Farb, 2018) is defined as a predispo-
sition that an individual exhibits towards a particular prac-
tice. Therefore, considering his partiality is possible to eval-
uate and choose the most useful and effective practice for a 
given user, and this can help to maintain engagement in the 
activity. Somatosensory attention-oriented anchors are the 
most frequently considered (i.e. popular techniques focused 
on breathing). Moreover, auditory and visual anchors are 

also investigated, although there is a lack of comparisons 
of their effectiveness with respect to partiality (Anderson 
& Farb, 2018).

Bio/neurofeedback data allow the introduction of spe-
cific gamification strategies, linked to the enhancement of 
neurophysiological performance. These data are returned in 
the virtual environment as elements of environmental sto-
rytelling (Kosunen et al., 2017) offered through real-time 
gamification dynamics (e.g. levitation modulated by con-
centration levels in RelaWorld (Kosunen et al., 2016) or the 
flowers blooming in Serenity game (Choo & May, 2014)). 
Thus, a series of events can occur in the virtual space as a 
consequence of the variation of certain psychophysiological 
states. In this way, the possibility for the practitioner to feel 
and perceive his own body is increased.

The use of psychophysiological data allows the promotion 
of collaborative experiences in which the avatars of other 
participants are animated based on the user’s psychological 
state. Direct observation of the virtual avatars of other users 
practising the same activity could induce in the practitioner a 
greater state of relaxation, due to the mirror neurons’ mecha-
nism (Rizzolatti et al., 2009). From a clinical perspective, 
gathering biometric data in virtual immersive environments 
can improve diagnosis by evaluating specific individual reac-
tions to certain environmental stimuli and for medium- and 
long-term effectiveness evaluations.

Ultimately, the auditory and visual (but potentially also 
haptic, olfactory, and gustatory) features of the environment 
can be precisely controlled. Therefore, multisensory immer-
sive adaptive VR offers a unique and flexible tool to manage 
and customise both content and stimuli, according to the 
needs, reactions, attitudes, and socio-cultural background 
and sensitivity of the practitioner. This promptly responds 
to the needs of the clinician (but also of the facilitator in 
non-therapeutic/educational contexts), with reference to the 
possibility of monitoring the system and tuning the envi-
ronmental setting parameters in real time according to the 
user profile.

Limitations and Future Research

There are some limitations to the current review. First of 
all, a comparison among different tools (e.g. questionnaires, 
biosignal-based measurement systems) for the assessment 
of VR effectiveness in supporting mindfulness is margin-
ally addressed. Moreover, strategies to transfer and adapt 
traditional mindfulness content to the VR medium were not 
discussed. For example, it might be interesting to evaluate 
the most effective symbolic mediation for internal bodily 
signals in supporting interoceptive awareness.

Finally, this review did not focus on the relationship 
between levels of immersion and the effectiveness of VR in 
supporting mindfulness, particularly with regard to altering 
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the body matrix. Future researchers could distinguish VR 
systems considering (i) the type of perceptual domains (sen-
sorial, proprioceptive, interoceptive, and vestibular input) 
and (ii) the accuracy, resolution, and responsiveness of the 
stimuli in each domain.

The reviewed literature exhibits a general statistical 
quality and the relationship between VR and mindfulness 
seems to be still unclear. Therefore, more rigorous, blind, 
and randomized controlled studies are needed in the future. 
Furthermore, literature shows a lack of attention to the role 
of biofeedback in IA and the potential of VR to improve the 
decentering.

To better summarise the features of VR-supported 
mindfulness 2.0, the general architecture of a multisensory 
immersive VR system that gathers real-time information 
from the body and brain is depicted in Fig. 8. Consistent 
with the reviewed literature, the convergence of various 
input and output information channels may be particu-
larly promising in order to effectively support mindfulness 
interventions. All the biosignals (the bio/neurofeedback 
raw data collected by the relative transducers) are fed as 
input to a processing unit. Here, they will be processed and 
then transformed into adaptive stimuli by the adaptivity 
manager. These stimuli will be presented to the user by 
means of the immersive VR interface through all percep-
tual domains (sensorial, proprioceptive, interoceptive, and 
vestibular). A Sessions Memory module takes into account 
the diachronic dimension of the experience, as well as its 
dynamic component and its progressive evolution. This is 
crucial from the point of view of “gamification”, where 
content adapts dynamically to the evolution of the user 
experience. A communication unit module enables the 
transfer of information within and outside the system. The 
communication channels guarantee data exchange with (i) 

the VR-immersive unit, where adaptive content can tran-
sit in one direction, and user tracking data in the other; 
(ii) other users, to foster a collaborative experience and to 
bring tangible benefits of group practice; and (iii) the user 
therapist (e.g. via web interface as is the case in RecoVR 
(Cikajlo et al., 2016)), where both biosignals and mindful-
ness score can transit (the therapist can consult, evaluate, 
and collect this data mainly offline, and then make diag-
nostic and therapeutic decisions).

In the near future, adaptation strategies to the VR sce-
nario will be increasingly necessary, in a health 4.0 per-
spective. An interesting line of research considers this 
issue from the perspective of artificial intelligence and 
physiological computing, with the aim of monitoring, 
measuring, analysing, and translating human psychophysi-
ological parameters in real time to communicate the user’s 
state to an adaptive system (Fairclough, 2009). Artificial 
intelligence is used for a real-time proactive and automatic 
system adaptation, by transforming psychophysiological 
data into control signals (biocybernetic loop). A self-adap-
tive solution would have the advantage of being focused 
on the moment the subject is experiencing.

Immersive VR continues to explore multi-perceptual 
domains and additional modalities such as new sensory 
(e.g., haptics and olfactory), interoceptive (biofeedback-
based), proprioceptive, and vestibular (e.g., Sonoception) 
channels will soon be considered (Riva et al., 2017). In 
this way, the sense of presence and effectiveness of the 
virtual experience will increase (Ramsamy et al., 2006), in 
particular in the decentering perspective. Finally, another 
interesting possibility is to consider precognitive stimuli 
of a multi-perceptual domain, which have a direct effect 
at a physiological level, not requiring symbolic mediation. 
These include the binaural tones, which directly modulate 

Fig. 8   Emerging architecture 
of a mindfulness computer 
supported solution based on 
integration of AR-immersive, 
biofeedback and neurofeedback
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brain waves (adaptively) to elicit favourable conditions for 
meditation (Sas & Chopra, 2015).
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