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[Abstract]

As modern society advances toward industrialization and urbanization, the mental health care for individuals has become a
significant concern. One solution to address this matter is incorporating meditation in daily life. Various forms of digital
meditation contents combined with information technology (IT) have been proposed to enhance the accessibility of meditation for
the general public. Some of these efforts focus on incorporating neurofeedback methodology to enhance the effects of meditation.
This study provides the current status of digital meditation content integrated with neurofeedback techniques and compatible
commercial devices, along with relevant research trends to advance the neurofeedback-based approach to meditation. Finally, we
provide an overview of the essential elements required for technical implementation and outline the available resources for quick
utilization to help improve meditation efficiency. Based on this groundwork, we look forward to developing neurofeedback-based

digital meditation content that promotes user engagement and mental well-being.
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Table 1. Status of electroencephalography (EEG) measurement devices for utilization in neurofeedback content development

Type Device name (Manufacturer) EEG signal Features Reference URL
Insight 2.0 AF3F”ZA(F1£;8L72’ T8, Bluetooth 5 support, 20 hour battery | https://www.emotiv.com/in
(Emotiv) CMS/DRL reference) life, motion information is available sight/
TP9, AF7, AFS8, Size Range: 48-63cm, 10-12 hour .
- - M‘asi S Ge“)2 TP10 (256Hz, FPz | battery life, weight: 41g, PPG and gg‘fj;g ﬁ:‘gg:fi“seif;m/ Pr
nteraxon reference) motion information are available 9
Separate ’ 1 neuroNicle FX2 | Fp1, Fp2 (250Hz, | Dimension: 150x130x20mm, weight: | https://www.laxtha.com/Pr
device = (LAXTHA) A2 reference) under 67g, PPG is available oduct.asp?catgrpid=1
ﬁb BrainLink Dual Fol, Fp2 (512Hz) Dimension: 16x16x3mm, 4-5 hour https://o.macrotellect.com/

(Macrotellect)

battery life, weight: 39g 2020/BrainLink_Lite.html

*
{ MindWave
Mobile 2 Fp1 (512Hz, A1 Dimension: 225x155x92mm, 8 hour | https://store.neurosky.com/
g (NeuroSky) reference) battery life, weight: 90g pages/mindwave
DSI-VR300 | Fz, Pz, P3, P4, PO7, https://www.neurospec.co
(Wearable P08, Oz (300Hz, A1 | VR: HTC-Vive, active dry electrodes m/Products/Details/1077/d
Sensing) reference) si-vr300
) ) VR: Varjo Aero/XR3, EMG (4 ch), EOG
(OGaIeSCD 8 aogl\éec,trig::swe (2ch), EDA, PPG (250Hz), eye https://galea.co/#specs
. pen tracking (200Hz) are available
Integratation
with VR
LUCY Fpi, Fo2, AF7, AFS, VR-based cognitive function https://looxidlabs.com/prod

(Looxid Labs) A2 reference)

AF3, AF4 (500Hz,

evaluation and training system uct/lucy

OMNIFIT VR Fot, Fp2

(adjustable, 250Hz)

VR: DPVR, VR training with

biofeedback (EEG and PPG) https://www.omnifit.co.kr/vr
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Table 2. Meditation-related VR content g & EAQ F 7Hx= o} 7L1;}
Name (Company) VR Platforms Reference URL 2015Lﬂ w)=ol A A StoryUp StudiosollA Au]2= &
. . |HTC Vive, Oculus Rift o 21 Healiuma 3, F8, vk A4, 5787, 12]aL 30
Guided Meditation Quest 2 buest Pro. https://guidedm g ) el 4w e ol & =
VR (Cubicle Ninjas) Window,s Mixed Rea;lity LMD editationvr.com/ ek Ox " FHEE AT}, AnfEEZ 9 HEHR
g FR=E o] = JAITH VR 7]9ke] ZRI=E AlS3H
TRIPP (T Inc.) HTC Vive Flow, PlayStation https://www.trip ‘_ = o
PP, INC-) 1 VR~ Oculus Quest 2, Quest Pro | p.com/product/ = Zlo] Healium®] 8 5% % shuelt) 7|&d] 2nfE
. 3 ol o] Fel=Eo] HZFAQ] z}ZFo|L} Tlo|lEE 2§
Flow Meditation | HTC Vive Flow, Oculus Quest , hitps (/valw.flor i el =50 374 el 7hol=g 5= 4
FlowR) | Quest2 wishitual eal  ggh stof wjslel, VR 7ol @l 249l A 9
A ZFA FE == E3F A OrslHA = F A
PLAYNE VR (Krish | HTC Vive, Oculus Rift, HP | https://www.pla 1744 2El=S Foted AR Ko} nrefsiia = 9
Shrikumar) Reverb, Valve Index yne.co/ Aol S 7Vs3HA 3t} 3 Healium Apple Watch@}
QEalo] A 8 TIo R ¢ ulole ] Telxg AT

3, = Fews 984 Macrotellect AF2] Brainlink

Baseline

J8 1. PLAYNE VR°| EE._”E oflAl
Fig. 1. Example screens of the PLAYNE VR

Meditation VR 2016l &A1& #H%9] VR 7]4F HA; )
ow MY &%, 93 2 53 22 4070 o] S
VRZ F&dste] AP 4= lom ol9} A v A4, HF,

Results of real-time EEG analysis
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=9} 2007) olite]l erje HEEl=E Awsitl TRIPPY Fig. 2. Example of neurofeedback-based VR content in
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Field Count Ratio (%)
Neurosciences 253 46.679
Psychology 101 18.635
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Psychology Experimental 53 9.779
Multidisciplinary Sciences 49 9.041
Clinical Neurology 48 8.856
Psychology Biological 42 7.749
Physiology 37 6.827
Behavioral Sciences 28 5.166
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Table 4. Studies on the effects of meditation utilizing neurofeedback

Research Subjects Neurofeedback Device Main results
(me(]i?ation Auditory stimulation Confirmation of enhanced focus and concentration time with the
Sas et al. ) based on shifting EEG ) proposed MediAid (binaural beat—based neurofeedback during
experience Emotiv EPOC (EEG) DONUR ; ;
[10] (beta — alpha — low meditation) in comparison with control and monaural beat—based
from 1 month L
alpha — theta - delta) meditation.
to 40 years)
Salminen Vlsugl feedbgck on Brainproducts elastic | When utilizing biofeedback, participants self-reported higher
72 respiratory signals and T
et al. belt (respiration), | empathy scores, and EEG-based neurofeedback was found to
[11] (aged 19-50) | frontal asymmetry of QuickAmp (EEG) |be more effective than respiration—based feedback
alpha band in EEG ’
Hunkin 68 Two auditory stimuli Neurofeedback enhanced the effects of meditation and reduced
tal. [29] | (aged 18-60) offered by a Muse MU-02 (EEG) | mind wandering. However, there were also negative user
etal. 9 commercial device reactions towards auditory feedback.
100 S : :
Tarrant (medical staff | Visual feedback from a Oculus Go (VR), When gtlllzmg VR apd negrofeedbaok, a delc.rease in fatlgue and
s . . - . confusion, along with an increase in tranquility and happiness,
etal. [12] within the commercial device BrainLink Lite (EEG) . ' . ; -
hospital) was observed in comparison with audio—only meditation.
Experiment to explore the benefits of using VR and
Kosunen 43 Visual feedback on the Oculus Rift (VR) neurofeedback during mindfulness meditation was conducted.
etal. [39] | (aged 20-48) alpha and theta—band QuickAm (EEGS When neurofeedback was employed, the results indicated that
’ 9 powers of the EEG P users experienced greater relaxation, a heightened sense of
presence, and achieved a deeper level of meditation.
Mindfulness scores and mental health were improved in both
Acabehuk 53 Two auditory stimuli groups using a meditation app and a neurofeedback—based app.
et al. [30] (novice offered by a Muse MU-02 (EEG) | However, meditation—related scores from the
’ meditators) | commercial device neurofeedback—based app were not correlated with the actual
baseline levels of mindfulness.
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