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ABSTRACT

This study explores kinetic meditation as an emerging frontier in technology-assisted
mindfulness. Through a comparative review of 40 studies, including 10 from top-tier
HCI journals and 30 from broader empirical research, it identifies key underexplored
areas in current technology-assisted mindfulness research. While most interventions
focus on static meditation, movement-based approaches remain marginal despite
their potential to better support psychological and physiological regulation. The
findings highlight three critical directions for future research: integrating immersive
and biofeedback technologies to support real-time mind-body interaction, enhancing
multisensory design beyond visual and auditory cues, and incorporating shared
movement experiences in virtual environments. This review underscores the need
to shift from static content delivery toward adaptive, embodied systems that enable
kinetic, sensory-rich, and socially connected mindfulness experiences.
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INTRODUCTION

In recent years, technology-assisted mindfulness has gained widespread
attention in both research and practice, driven by the growing integration
of digital tools into mental health interventions. From mobile applications
and wearable devices to immersive virtual environments, a wide range of
systems have been developed to enhance the accessibility, interactivity, and
effectiveness of mindfulness practices (Crescentini et al., 2016; Rockstroh
et al., 2021; Roos et al., 2024). These interventions typically use visual,
auditory, and physiological feedback cues to help stabilize attention, regulate
emotions, and foster embodied awareness across clinical, educational, and
occupational contexts (Choi et al., 2022; Hugh-Jones et al., 2023; Niksirat
et al., 2019).

Mindfulness practices can generally be categorized into two forms: static
meditation, such as seated breathing, body scanning, and guided imagery,
and kinetic meditation, which involves intentional bodily movements,
including yoga, walking, or Tai Chi (Niksirat et al., 2019). However,
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current technology-assisted mindfulness research remains heavily centered
on static forms of meditation, with limited exploration of movement-
based practices. This imbalance constrains the exploration of embodied
awareness and bodily-sensory engagement that hold growing relevance
across interdisciplinary domains, including physical recovery, emotionally
supportive design, and body-based therapeutic practices (Barton et al., 2024;
Niksirat et al., 2019).

Therefore, this review conducts a comparative analysis between top-
tier HCI journals and broader empirical studies. The goal was to identify
underexplored mindfulness categories, technological applications, and
sensory design approaches, particular the limited representation of kinetic
meditation, and to inform future research direction in this field.

This study is guided by the following research questions:
RQ1: What underexplored areas exist in current technology-assisted

mindfulness research?
RQ2: How can future mindfulness systems be designed to support kinetic

meditation practices?

COMPARATIVE REVIEW METHODOLOGY

To examine the landscape of technology-assisted mindfulness within digital
and immersive environments, this study adopted a structured comparative
review methodology. The analysis proceeded in two stages: (1) mapping
the publication trends and disciplinary convergence in the field, and
(2) conducting a detailed comparative analysis between top-tier HCI journal
studies and broader empirical research.

Mapping the Field

A bibliometric search was conducted in the Web of Science Core Collection
using a combination of mindfulness-related terms (e.g., “mindfulness,”
“meditation”) and digital technology keywords (e.g., “virtual reality,”
“wearables,”“mobile applications”). After filtering for peer-reviewed journal
articles, 3,053 records remained. The findings reveal a growing academic
interest in this interdisciplinary field since 2014, with peak publication
activity around 2022. Contributions span psychiatry, psychology clinical,
computer science, and healthcare, highlighting both the interdisciplinary
convergence between mental health and computing, and the growing
adoption of mindfulness as a scientifically validated intervention supported
by interactive technologies.

Comparative Dataset Construction

To enable a structured comparison, two datasets were curated. The
first dataset includes 10 empirical studies selected from five top-tier
Q1 HCI journals indexed by the SJR platform: Virtual Reality, ACM
Transactions on Computer-Human Interaction, Computers in Human
Behavior, Computers in Human Behavior Reports, and IEEE Transactions
on Affective Computing. A keyword search for “mindfulness” across
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these journals yielded 145 articles. After a two-stage screening process,
excluding review articles, unrelated studies, and those lacking technological
interventions or empirical measures, 10 eligible articles were retained.

The second dataset comprises 30 peer-reviewed empirical studies published
between 2014 and 2024, retrieved from the Web of Science Core Collection.
The search combined keywords related to mindfulness (e.g., “mindfulness,”
“meditation”), technological integration (e.g., “virtual reality,” “wearables,”
“mobile applications”), and sensory approaches (e.g., “visual,” “auditory,”
“haptic”). From an initial pool of 151 articles, the dataset was refined
through exclusion of non-journal, non-English, review papers, and studies
lacking either technological intervention or empirical evaluation, resulting in
30 included studies.

These two datasets provide a structured foundation for comparing key
features across top-tier and broader mindfulness research. An inductive
coding approach was applied to examine three thematic dimensions:
(1) mindfulness categories, (2) technological applications, and (3) sensory
design approaches.

DESCRIPTIVE RESULTS

Mindfulness Categories

Static meditation practices continue to dominate both top-tier HCI journals
(8 studies) and broader empirical research (28 studies) (see Figure 1). These
interventions primarily involve non-movement-based practices such as seated
breathing, body scanning, and focused attention, reflecting the prevailing
conceptualization of mindfulness as a still, introspective practice (Hunkin
et al., 2021; Lan et al., 2021; Scott et al., 2022).

Figure 1: Mindfulness categories in top-tier and broader studies.
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In contrast, kinetic meditation has received comparatively limited attention
(2 top-tier, 2 broader studies). Despite its limited presence, these few
cases illustrate promising directions for embodied mindfulness in digital
environments. For example, research has begun to leveraged VR and mobile
platforms to support slow, breath-coordinated movements that fostered
interoceptive awareness and focused bodily engagement (Barton et al., 2024;
Niksirat et al., 2019). In the broader dataset, studies have conducted a
videoconference-delivered mindfulness program incorporating Taiji-inspired
physical movements, demonstrating the feasibility of remote delivery for
combining bodily and meditative practices in a group setting (Krägeloh et al.,
2019). While others introduced an immersive cycling system that embedded
physical activity within a VR environment, enhancing affective stability,
sensory integration, and psychological presence (Le Roy et al., 2024).
Taken together, these studies signal the potential of kinetic meditation to
enhance engagement, bodily awareness, and psychophysiological regulation,
yet it remains an underexplored direction in current technology-assisted
mindfulness research.

Technological Applications

VR emerges as the dominant technological application across both top-tier
(4 studies) and broader empirical research (18 studies) (see Figure 2). It is
favored for its ability to construct immersive, distraction-free environments
that support attentional stability and emotional decentering in mindfulness
practices (Barton et al., 2024; Chandrasiri et al., 2020). Another prominent
category is wearable devices, including EEG sensors, heart rate monitors,
and vibrotactile feedback systems, are also frequently integrated (5 top-tier,
9 broader studies), reflecting a growing focus on embodied experiences and
real-time physiological feedback as mechanisms for interoceptive awareness
and regulation (Greig et al., 2024; Payne et al., 2024). In contrast, mobile
applications appear more frequently in top-tier studies (4 top-tier, 2 broader
studies), possibly reflecting their early prominence in mindfulness technology
due to accessibility and ease of integration (Chittaro and Vianello, 2014;
Roos et al., 2024). However, their reduced presence in broader empirical
studies may signal a shift toward more immersive and embodied formats.
Lastly, binaural beats, videoconferencing, and multisensory projection
systems were each found in only one broader empirical study. Although their
presence is limited, these technologies reflect exploratory efforts to diversify
mindfulness delivery, yet remain peripheral in mainstream research.

In these studies, technologies are integrated to enrich the functionality
and adaptability of mindfulness systems. For example, VR is combined with
pressure sensors to monitor physiological responses and provide real-time
stress regulation within immersive environments (Lan et al., 2021; Lee et al.,
2023). Similarly, binaural beats are paired with EEG or VR to influence
brainwave activity, enhancing attentional focus, emotional regulation, or
pain relief (Perales et al., 2019; Sas and Chopra, 2015). These examples
reflect a growing trend toward multi-technology integration, which enables
more adaptive, embodied, and immersive mindfulness experiences.
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Figure 2: Technology applications used in mindfulness studies.

Sensory Design

In recent years, sensory design has emerged as a prominent approach to
enhance perception and responsiveness to internal bodily cues (Finck et al.,
2023). Through inductive coding of the reviewed studies, four major sensory
design approaches were identified: visual, auditory, haptic, and olfactory.

Visual and auditory designs dominate across both top-tier and broader
empirical studies, reflecting their central role in crafting emotionally resonant
and immersive environments (see Figure 3). Visual designs were employed
in both top-tier (8 studies) and broader studies (26 studies), commonly
incorporating nature scenes (e.g., forests, beaches), animated instructions,
or bodily representations (e.g., lung models, body outlines) to support
relaxation and bodily awareness (Greig et al., 2024; Payne et al., 2024).
Similarly, auditory cues appeared in top-tier (9 studies) and broader studies
(24 studies), including voice guidance, natural soundscapes, or ambient music
to stabilize attention and emotional states (Riches et al., 2024; Seabrook
et al., 2020). Haptic feedback was used in top-tier (4 studies) and broader
studies (20 studies), utilizing tools such as EEG sensors, ECG monitors,
and vibroacoustic cushions to enhance bodily engagement and interoceptive
sensitivity (Choi et al., 2022; Salminen et al., 2022). Olfactory design was
notably scarce, found only in broader studies (2 studies), where nature-
inspired scents like bergamot were used to promote calm and sensory
anchoring (Nieto-Vallejo et al., 2021).

These sensory design approaches suggest that while current
implementations heavily rely on visual and auditory modalities, there
is growing interest in incorporating richer haptic and olfactory cues.
Such multisensory strategies offer promising potential for delivering
immersive, embodied, and emotionally grounded mindfulness experiences in
next-generation mindfulness interactive systems.
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Figure 3: Sensory design approaches used in mindfulness studies.

In summary, the comparative review reveals three key patterns in
current technology-assisted mindfulness research. First, static meditation
continues to dominate across both top-tier and broader studies, while
kinetic meditation remains notably underexplored despite its demonstrated
benefits for embodied awareness and psychophysiological engagement.
Second, immersive technologies, especially VR, have become key mediums
for delivering mindfulness experiences. The observed trend toward multi-
technology integration indicates an increasing focus on designing systems
that are both adaptive and interactively responsive. Finally, while visual
and auditory approaches remain dominant, the increasing incorporation of
haptic feedback and the continued underuse of olfactory elements highlight
an uneven sensory design landscape, suggesting further opportunities to
foster more emotionally resonant and embodied mindfulness experiences.
These findings collectively highlight critical gaps and emerging opportunities,
setting the stage for the discussion of future research directions.

DISCUSSION

Underexplored Areas in Current Technology-assisted Mindfulness
Research (RQ1)

While movement-based practices have been recognized in wellness and
rehabilitative contexts for their benefits in mind-body integration, they
are still largely absent from mainstream HCI mindfulness research. This
reflects a broader limitation in current digital approaches to supporting
embodied awareness, particularly in the context of kinetic meditation.
Advances in immersive technologies, including integration with motion
tracking, spatialized audio, biofeedback, and haptic stimulation, are
beginning to expand the scope for more physically engaged mindfulness
experiences (Barton et al., 2024). These capabilities provide the foundation
for reimagining mindfulness not as a static state but as a bodily-informed
cognitive process shaped through movement and interaction (Le Roy et al.,
2024). As immersive systems gain broader use in digital health and wellbeing,
future research should explore how kinetic meditation can blend motion,
sensory input, and emotional regulation may enhance user engagement and
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adaptability, offering new directions for designing embodied and responsive
mindfulness experiences (Niksirat et al., 2019).

Designing Future Systems to Support Kinetic Meditation Practices
(RQ2)

To support kinetic meditation in future mindfulness technologies, there
must be a shift from delivering static and pre-structured content toward
creating embodied and adaptive systems that respond dynamically to
users’ physiological, emotional, and behavioral states. Recent studies have
demonstrated the potential of integrating technologies such as virtual reality,
biofeedback, and haptic interfaces into cohesive systems (Crescentini et al.,
2016; Zafar et al., 2020). These systems enable real-time feedback and
movement-based interaction, allowing bodily signals and environmental cues
to continuously influence each other (Lan et al., 2021). For instance, changes
in brain activity or heart rate can adjust visual or haptic stimuli, creating an
ongoing loop between internal states and external experiences.

In addition, current sensory designs remain imbalanced. Most systems
rely heavily on visual and auditory channels. This limits the capacity of
technology-assisted mindfulness to fully support bodily engagement and
interoceptive awareness. Enhancing haptic and olfactory engagement may
provide deeper grounding and improve the overall effectiveness of kinetic
meditation practices (Finck et al., 2023).

Social and collective aspects of movement-based mindfulness also remain
underexplored. While some studies have experimented with remote or group
formats, few have utilized immersive environments that allow users to
interact in shared virtual spaces (Salminen et al., 2022). Future systems
could be designed to enable multiple participants to synchronize movement,
regulate attention, and support each other emotionally within a digitally
mediated space. Designing mindfulness experiences that incorporate both
movement and shared interaction may help create more engaging systems.

CONCLUSION

Technology-assisted mindfulness has achieved significant progress, with VR
emerging as a dominant platform and visual-auditory channels playing
a central role in shaping immersive experiences. However, this review
highlights the limited presence of kinetic meditation and the relatively
underexplored potential of tactile and olfactory modalities. Future systems
could benefit from integrating real-time physiological feedback, expanding
multisensory design, and enabling socially connected practices in shared
virtual environments. These directions support a transition toward more
embodied, adaptive, and interactive mindfulness experiences, positioning
kinetic meditation as a promising pathway to deepen engagement and
enhance psychophysiological regulation in digital health contexts.
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