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Figure 1: The novel targeted warmth wearable designed to support the sensitive process of introspection during meditation, 
placed in two body locations, the belly (Left) and the right shoulder blade (Right). The warmth sensation draws attention 
inward and strengthens self-exploration of bodily sensations, feelings, emotions, and thoughts. 

ABSTRACT 
Mindfulness meditation has vast benefts, yet is challenging for 
many. We designed a novel targeted warmth somaesthetic wear-
able and evaluated how the thermal sensation is perceived during 
meditation. In a qualitative study, twenty participants explored the 
wearable during meditation. Findings reveal participants’ rich ex-
periences, sensations, and feelings. They perceived the technology 
as an appropriate tool for self-exploration. Even when participants 
initially felt the wearable was distracting their meditation process, 
they easily learned how to leverage it in their introspection process. 
We report on four potential roles for warmth technology: func-
tional (pulling focal of attention), behavioral (motivating to "get 
back to the practice"), emotional (comforting during the lonely pro-
cess), and therapeutic feelings. We conclude with design guidelines, 
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highlighting that warmth is a promising technology for meditation 
if designed to encourage self-exploration of body sensations and 
emotions while not compromising the natural meditation practice. 

CCS CONCEPTS 
• Human-centered computing → Human computer interac-
tion (HCI); Interaction design theory, concept and paradigm. 
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1 INTRODUCTION 
Mindfulness meditation has become a prevalent practice [6] with 
many benefts for health and well-being [4, 8, 13, 14, 17, 26, 28], 
specifcally, for the management of stress, depression, and chronic 
pain [7, 58, 60]. 
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Yet, meditation presents several challenges for many meditators, 
including physical discomfort, difculties in maintaining inner fo-
cus amid distractions, low ability to gain or maintain attentional 
control, and the ability to regulate feelings of excitement, alertness, 
fear, stress, or anger [39, 50]. In addition, during meditation practice 
individuals may experience anxiety, drowsiness, or frustration to-
wards the practice itself, leading to doubts about the process. Some 
meditators describe tension and headaches resulting from concen-
tration eforts, as well as disruptions caused by unresolved emotions 
[39, 50]. Mindfulness is a skill, and like any skill, it demands practice 
over time, which presents many challenges including time alloca-
tion and prioritization. This is especially relevant when motivation 
decreases due to monotonous and wearisome feelings, leading to 
questioning its value altogether. These very well-known and com-
mon struggles can overshadow the positive aspects, making the 
practical integration of meditation into daily life very challenging 
[39, 50]. 

These challenges present a gap that is highly relevant for HCI 
designers and researchers, and indeed the HCI community has 
explored various technologies for meditation using diferent ap-
proaches, from mobile apps to VR experiences. In this work, we 
chose to focus on the design of a physical wearable technology, 
following the somaesthetic approach, a philosophy advocating that 
all of our interactions and experiences in the world occur through 
our bodies [25]. 

Somaesthetics, introduced by the philosopher Richard Shuster-
man, focuses on recognizing the subjective self and centering it 
around the body, emotions, and thoughts, coupled with our capac-
ity to enhance our understanding of sensory experiences [23]. The 
somaesthetics perspective positions the body as a fexible tool that 
can be shaped and improved. The somaesthetics philosophy under-
scores the notion that improving body awareness, and optimizing 
our bodily abilities are as crucial as nurturing our intellectual fac-
ulties [24], and suggests that through refnement and exploration 
of the body, one can enhance their experience and cultivate a more 
efective way of existing in the world [25]. Somaesthetics therefore 
involves deepening aesthetic appreciation for the body’s sensations, 
encompassing both pleasurable and unpleasurable feelings, and em-
bracing the entire range of human experiences [23]. There are many 
fascinating HCI works involving the somaesthetics approach, in-
cluding both design processes and user studies. Most works involve 
introspection in general, and some focus on meditation in particular 
[2, 42, 45, 59, 63]. 

Our motivation is to explore the potential of a novel somaesthetic 
wearable technology that utilizes only one modality, targeted warmth, 
as a tool for meditation that encourages self-exploration of bodily 
sensations, emotions, and feelings. Our goal is to design a tech-
nology that supports meditators during their practice, without 
distracting or interfering with their meditation experience, which 
is an individual, self-reliant, and introspective process. Meditators 
frequently use physical non-technological objects as support and 
fnd them to be appropriate for meditation, for example, pillows to 
decrease physical pain or blankets to regulate body temperature. 
Can technology be designed to be as appropriate as these objects? 

We chose to focus on a single modality, targeted warmth, as 
warmth sensations were found to be perceived as internal stim-
ulus rather than external [9], which may help achieve our goal. 
Additional characteristics of the warmth modality are therapeutic 
benefts [15, 20, 31, 51, 52, 54, 71] and a strong association with emo-
tions [67]. Our design approach is to use meditation-appropriate 
materials such as fabrics and to encourage self-exploration of the 
warmth sensation by providing meditators with a wearable that 
can be strapped to various locations on the body. 

We evaluate our wearable prototype in a qualitative lab study, 
aiming to uncover participants’ rich subjective experiences, feel-
ings, and interpretations of the warmth sensation during meditation. 
We discuss the various roles warmth technology can have in the 
context of meditation, and unfold the unavoidable tension between 
technology as an external stimulus and meditation as an introspec-
tion process, concluding with design guidelines that will hopefully 
empower HCI designers to create and study novel technologies that 
connect people more deeply with their body and mind. 

2 RELATED WORK 
Meditation has been explored in HCI context in various ways, from 
meta-review papers [10, 65] to prototypes, mostly involving VR 
experiences, some coupled with neurofeedback [33, 70] and others 
with physiological measurements [61]. The most relevant works 
to our research are somaesthetic or body-focused projects that use 
thermal modality in a meditation context. Other related domains 
are thermal interaction in a non-meditation context, multi-modality 
prototypes studying body awareness, and therapeutic benefts of 
thermal sensation in a medical context. 

2.1 Body-focused Prototypes with Thermal 
Modality in Meditation Context 

The WarmMind prototype [9, 57] explored embodied metaphors 
of Mindfulness meditation states using both warmth and audio 
modalities. The meditation states were defned using the EEG-based 
Muse band (i.e. being mindful, change of state, mind wandering), 
and each state was mapped to a thermal or an auditory pattern 
based on embodied metaphors. The thermal-related WarmMind 
prototype was designed as a necklace with four thermal actuators, 
worn on the chest and extending down towards the navel. The 
thermal patterns mapped to the various states were: being mindful 
is no movement, change of state is structured movement, and mind-
wandering is agitated movement. Their study focused on comparing 
participants’ experiences with the two modalities. Their results 
show that audio modality was perceived as external stimuli, while 
the thermal modality was perceived as internal, "as if originated 
from the body", and led to increased awareness towards the body. 

Our work builds on and extends the WarmMind research. The 
similarities are wearable with thermal modality in a meditation 
context. However in our work, the wearable is designed as a self-
exploration tool for participants to place in various body locations 
during meditation, and our qualitative analysis addresses a difer-
ent research question, inquiring deeply into the subtle and rich 
interpretations meditators associate with the warmth sensation, 
and whether they perceive it as a disruption or an aid. 
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The Soma Mat and Breathing Light [63] leveraged the "designing 
for somaesthetic appreciation" process [25]. The Soma Mat pro-
totype is a large mat designed to guide participants during body 
scan meditations, Feldenkrais sessions, or relaxation. The prototype 
guidance was implemented using a scripted process that operated 
diferent heat pulses along the mat. The heat pulse script was con-
trolled using a mobile app with pre-recorded sessions. The Soma 
Mat was evaluated together with the Breathing Light prototype, a 
large lamp that measures one’s breathing and produces ambient 
light above the head dimming in sync with the breathing. Results 
from the exploratory evaluation reported feelings of relaxation and 
body awareness, and the authors summarized that the work encour-
ages exploration and somatic awareness of one’s body. Another 
study that led to the Soma Mat design looked at thermal stimuli in 
body awareness exercises, reporting on felt body experiences and 
several design qualities related to heat as a design material [27]. 

Our work difers by deeply focusing on meditation and thermal 
modality only, and by enabling users to self-explore the warmth 
sensation in various locations of their body. Our qualitative analysis 
delves into participants’ interpretations of the warmth sensation 
during their meditation experience, revealing the diferent roles 
warmth sensation can have in meditation. In addition, we critically 
examine the tension between meditation and technology. 

2.2 Prototypes with Thermal Modality in 
Non-meditation Context 

Thermal interaction was studied in various HCI contexts, includ-
ing music, perception of voice and text messages, VR experiences, 
remote presentations, parent-child interaction, and navigation. 

In music context, ThermOn [1] prototype produced thermal sen-
sations in the ears using headphones, reporting on changing users’ 
impression of the music and altering users’ attention towards it. 

In the messaging context, the ThermalWear [11] on-chest wear-
able prototype, showed that thermal sensation can afect the per-
ception of neutrally spoken voice messages, with warm stimuli 
increasing valence and cool stimuli decreasing it. “The Heat is On" 
[66] wearable prototype, showed that thermal stimulators on the 
wrist and forearm enhanced emotional reactions to text messages, 
especially those that are emotionally neutral. Kim et al., [32] in-
vestigated thermal interaction with a voice-based intelligent agent, 
reporting on thermal interactions to increase understanding of in-
formation, enhance the agent’s sense of presence, and create an 
immersive and engaging experience. Thermal feedback was found 
to increase or decrease feelings of immersion also in the VR context, 
depending on its congruency with the visual scene, as was evident 
in the ThermoQuest [56] prototype. 

Thermal feedback was also studied in emotional and attentional 
contexts. A thermal wristband that was designed to communicate 
a group’s states in a distance presentation context, was found to in-
crease feelings of connectedness, while not being distracting for the 
presenter [21]. The TouchMe prototype [37] is a heart-shaped wear-
able bracelet designed for parent-child interaction with thermal 
modality as ambiguous feedback. Parents used the device to express 
feelings of afection or to convey non-emotional information, while 
the thermal sensation was openly interpreted by children, leading 
to creative meaning-making. 

In the navigation context, ThermalCane [46] used thermal cues 
to convey navigation information, yielding higher accuracy with 
blind and visually impaired people, in comparison to vibrotactile 
feedback. In addition, the HeatNav [66] prototype demonstrated 
how warm temperatures are efective in informing participants 
with navigation cues. 

These prior works, implement the thermal modality in non-
meditation contexts. We build on these prior works by utilizing 
thermal modality in the specifc context of meditation. 

2.3 Multi-Modality Prototypes Studying 
Body-Awareness in Various Contexts 

SWARM [72] is a cotton scarf with conductive fabric circuitry aimed 
at aiding users in understanding and managing their emotions and 
interpreting others’ emotional states. Each emotion (stressed, sad, 
calm, happy, and excited) was associated with a distinct multi-
modality pattern that includes vibration, music, weight, light, and 
thermal. Thermal emerged as one of the favorable modalities for 
emotional detection and alerting. Haplós [42] is a garment shaped 
like a corset, providing vibrotactile patterns to the wearer. Partic-
ipants interacted with the wearable in a workshop that included 
Feldenkrais and mindfulness techniques. The vibrotactile patterns 
were found to increase bodily sensation and awareness. Aslan et 
al. [2] presented two physical prototypes, an anatomical heart-
like artifact allowing users to physically sense their heart’s pulses, 
and a stufed animal capable of synchronized breathing with the 
user. The prototypes were evaluated in a workshop with experts in 
mindfulness-based stress reduction (MBSR) meditation. Findings 
suggest the potential of a somaesthetic approach to increase trust 
and engagement but raised concerns about directing users’ aware-
ness externally rather than internally, away from internal processes 
and towards the external artifact. 

These prior works validated the potential thermal modality has in 
directing awareness inward, towards the body, rather than outward 
and away from the body towards external modalities. 

2.4 Therapeutic Benefts of Thermal Sensation 
in Western and Eastern Medical Context 

Thermal sensations in medical use are documented already in 
Roman Empire times and were extensively studied in Western 
medicine [20]. Findings show health benefts of exposure to warmth 
(e.g., sauna baths, hot water immersion, infrared bathing, and steam 
bathing [15, 52]), as well as the efect of targeted warmth in various 
body locations (e.g., solely on the feet [51], lower back [16, 43], 
or quadriceps muscles [18] ). Some studies found specifc health 
benefts, from enhanced muscle strength [31], improved quality of 
sleep [51], reduced blood pressure [54], enhancement of cardiovas-
cular health [54], and decrease in infammation processes during 
recovery [15]. 

In Eastern medicine, thermal sensation has long been associated 
with health benefts. Moxibustion therapy (Moxa), a specifc treat-
ment that originated in Japanese tradition is based on the burning 
of mugwort leaves near the skin, and hence applying targeted heat 
to a patient’s body[5, 48]. Academic studies of Moxa treatment were 
found to be benefcial in managing pain related to chronic diseases 
[36], pain reduction related to autoimmune diseases [74], enhance 
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blood fow in the tendons [34], to help regulate the level of sex-
ual hormones [62], or alleviate menstrual pain-related symptoms 
[62, 73]. 

Such works enhanced our motivation that targeted warmth dur-
ing meditation may be perceived as benefcial for muscle pain that 
is common during meditation. It is important to highlight that in 
this work we aimed to explore the subjective perception of partici-
pants towards the targeted warmth, and not to evaluate any actual 
efects on participant’s health. 

In sum, prior work shows promise of thermal modality in medita-
tion context, by being perceived as an internal stimulus, by afecting 
valence and emotions, and by directing attention and conveying 
information. We build on prior work and extend it, by designing 
a wearable technology that utilizes targeted warmth as a single 
modality and promoting self-exploration of various body sensa-
tions. 

3 DESIGN AND IMPLEMENTATION 
Our design process started with a literature review of somaesthetic 
design, identifying design principles relevant to our goal. We then 
started the technical implementation, followed by a series of pilot 
studies, from a need-fnding study about relevant body locations 
to prototype testing including both low-fdelity and high-fdelity 
prototypes. This process led to the fnal design of the somaesthetic 
warmth-producing wearable. 

3.1 Somaesthetic Design Principles 
When designing for somaesthetic experiences, Höök et al., [25] 
described the experiential quality called "Turning Inwards". This 
quality involves a shift of attention inward while not disconnect-
ing from the external world. The concept of “turning inward” is 
guiding somaesthetic design processes, helping to make decisions 
and choices for interactions that embody this experiential quality. 

Another relevant term is "Somaesthetic Appreciation Design", en-
couraging designers to consider several concepts and dimensions 
during their design process, including modalities, timing, the in-
tensity of the feedback, and aesthetics [25]. Below we detail each 
principle and explain how we applied it in our design process. (1) 
Modalities: choose a sensory channel that supports internal ex-
ploration. We applied this principle by choosing thermal stimuli 
as our technology’s only digital feedback stimuli. Our choice is 
grounded in prior work, specifcally studies that found thermal 
stimuli to be intimate, soothing, and promoting heightened bodily 
awareness [25, 63], as well as being perceived internally rather 
than externally [9, 57]; (2) Timing: the system needs to smoothly 
match with the user’s focus on a somatic aspect, and not arrive 
before or after the event. We applied this principle by designing 
a wearable for self-exploration, utilizing a strap that allows users 
to place the warmth sensation on their preferred body location 
during meditation, matching the warmth sensation to the user’s 
desired bodily focus; (3) Intensity: the somaesthetic efect should 
be applied subtly, gradually getting stronger, and then slowly fading 
instead of stopping or appearing suddenly. We applied this principle 
by designing a thermal pattern using Arduino, with the warmth 

gradually increasing and decreasing. (4) Aesthetics: promote aes-
thetics appreciation. We applied this principle by designing with 
fabrics, and soft materials that are appropriate for meditation. 

3.2 Technical Implementation 
With the choice of thermal sensation as the main modality, we 
started to explore diferent thermal technologies. We tested Peltier, 
conductive threads, and Polyimide heater pads. The Peltier device 
was very durable, but rigid, making it inappropriate for a soft wear-
able. The conductive threads had low heat stability and required a 
relatively high operating voltage. The Polyamide heater pads were 
the most suitable. These pads are thin, lightweight, and fexible. 
They come in diferent shapes and sizes and are widely used in elec-
tronics manufacturing, medical devices, and scientifc instruments. 
They require low voltage (6V), are safe to use, and provide stable 
performance. 

To defne the desired temperature we performed several cycles 
of testing. We did not test the Polyimide heater pads directly on the 
skin, as we wanted participants to place them over their clothing 
items. Also, when integrated into the wearable unit’s fabric, the 
heater pad was placed 1.2mm below the fabric’s surface, so the heat 
was transferred through the air between the heater pad and the 
clothing item. Based on the somaesthetic principle of "intensity", 
thermal perception studies [22, 68, 69], and to avoid thermal habit-
uation [68, 69], we adopted the approach of a thermal pattern that 
gradually progresses from low heat to higher heat and back, rather 
than a fxed temperature. We explored diferent temperature ranges 
over clothing items in various locations of the body (belly, chest, 
back), mapping when the warmth was noticeable and pleasant, and 
when it was starting to feel too warm. The result was a tempera-
ture range of 38-42 degrees Celsius, measured using a dedicated 
temperature measurement tool. 

The hardware implementation included an Arduino Uno R3 
board, a MOSFET Power Controller, and a power bank of 5,500 
mAh 5.0V (see fgure 2). The Polyimide heater pad specs are metal 
foil covered with polyimide flm, 50mm diameter, 3.7V-5V voltage, 
3.7 ohms resistance, and a total range of temperature 35-55 degrees 
Celsius. 

To implement the thermal pattern we used a very simple tech-
nique, setting a MOSFET element to On for 10 seconds to gradually 
heat the pad, then setting it to Of for 15 seconds to gradually cool 
the pad, so the interval between the MOSFET On and MOSFET 
Of created the efect of a thermal pattern. We used a 5,500 mAh 
power bank to power the heater pad directly using the MOSFET 
element, which served as an excellent safety measure, as a 5,500 
mAh current produced a maximum heat of 42 degrees Celsius 

3.3 Iterative Design Process 
In parallel to the technical implementation, we conducted a need-
fnding study and a series of prototype testing pilots, to explore the 
form, materials, and body attachment mechanism. 

In the need-fnding pilot study, we asked fve participants (with 
varying experience in meditation) to perform a standard 10-minute 
meditation session, followed by an interview about their aware-
ness of various body locations. The fndings highlighted awareness 
of the body’s head, chest, and palms, and comments about body 
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Figure 2: The hardware: Arduino Uno R3 board, a MOSFET 
Power Controller, and a power bank of 5,500 mAh 5.0V. 

discomfort in the back, shoulder blades, and thighs. Interestingly, 
participants described the movement in their descriptions, focusing 
on numerous points on the body, mostly on axes (upper chest to 
abdomen, one hand to the other, upper back to lower back, etc.). 

We continued with exploring various low-fdelity wearable de-
signs, evaluating how participants place them on their bodies. We 
designed various shapes from felt fabric (two circulars, a back "U" 
shape belt, and a chest "I" shape belt. See fgure 3) and tested them 
with 4 participants in short design pilots, evaluating the afordances 
of the designs and their relevancy for the body areas identifed in 
the previous pilot. We learned that participants desire more fexibil-
ity in exploring various body locations and that the circular shapes 
were the most appropriate. 

Figure 3: Pilot study exploring low-fdelity designs and pos-
sible body placement 

We continued our design exploration on two axes, one with de-
signs that touch the body in two body parts, to match the feeling of 
movement described in the pilot, and one with a single touchpoint, 
to increase the need for explorations of various body placements 
also described in the pilot (see fgure 4 of the diferent design paths). 
We tested the next design iteration with three participants who 
used it during meditation, the specifc designs were a scarf made of 
foam sheet and a glove made of fabric. The meditators appreciated 
the multiple attachment options of the scarf form but were con-
fused by the two heating points on their body. They also mentioned 
that it was too cumbersome. The glove design turned out to be 
more convenient for exploration, meditators stated it was hard to 
constantly hold their hands at the desired body location, and it 
should be efortlessly attached to the body. 

Figure 4: Pictures of the design process and the two explo-
ration paths of low-fdelity prototypes that eventually were 
consolidated into the fnal high-fdelity prototype. 1: The 
U-shape belt; A: Two circular fabrics; 2: Scarf made of foam 
sheet; B: Glove; 3: big pocket; C: small pocket 

The main insights from this stage were the need to support easy 
placement on a variety of body parts without the need to hold the 
device, and making sure the attachment to the body is frm so the 
thermal sensation is evident on the body. We continued with testing 
diferent body attachment mechanisms for fastening the wearable 
unit to the body, testing variations of ropes and bands, including 
Samson rope, nylon bands, and elastic bands. 

Following the insights from the design pilots, we designed the 
fnal prototype. We used a small round red fabric (60 mm diam-
eter) as the wearable main unit. The body-facing side had a cir-
cular cut-out (40 mm diameter) for the Polyimide heater pad to 
be mounted 1.2 mm deeper into the circular fabric, to enable heat 
transfer while preventing direct touch to the body or a clothing 
item. The externally-facing circular part was fully covered with 
fabric. The circular unit had two slots on the edges, for the fastening 
elastic band to pass through. The elastic band created just-enough 
pressure, allowing the warmth to be felt when placed on top of 
a clothing item (see fgure 5 for the fnal prototype, without the 
Arduino unit). 

Figure 5: The targeted warmth wearable: the body-facing side 
with the 40mm diameter heater pad mounted 1.2mm below 
the grey fabric’s surface, and the externally-facing side with 
a 60mm diameter red fabric layer covering the back of the 
heater pad. 
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3.4 Safety and Health Consultation with 
Eastern Medicine Expert 

The design process was led by experienced meditators (the authors) 
from a Buddhist meditation perspective. When the warmth sensa-
tion was implemented in the prototype and was felt on the body, 
we invited an Eastern medicine expert with specifc expertise in 
thermal therapy to understand the potential risks and to fne-tune 
the heat intensity design. The expert has had his private practice for 
many years. His expertise includes Chinese and Japanese alternative 
medicine, specifcally Moxa treatment. Moxa is a traditional Japan-
ese therapy involving heat created by burning of dried mugwort 
leaves near the skin to stimulate acupuncture points, promoting 
circulation and natural healing. Moxa is used to address various 
health issues and is often combined with acupuncture [5]. We asked 
the expert to test our prototype on his body, assessing the min and 
max warmth levels. He concluded that the max thermal sensation 
is far from reaching unhealthy levels and that based on his experi-
ence treating people for many years, our range is safe. In addition, 
we asked if there was any risk related to specifc body locations. 
He recommended starting with the lower abdomen or lower back, 
that all body parts are safe for such temperatures, that the lower 
abdomen or lower back are most relevant in his perspective, and 
that the only body part he does not recommend placing any heat 
on is the heart. We adopted his recommendations and added them 
to the study procedure. 

4 METHOD 
Meditation, as well as somaesthetic experiences, are highly sub-
jective experiences. Our research goal was to leverage qualitative 
analysis to uncover participants’ feelings, sensations, emotions, and 
preferences regarding the targeted warmth-producing wearable, 
so we can better understand its efect during the specifc context 
of meditation. We considered two interview methodologies that 
were previously used in meditation-related experiences: micro-
phenomenology (MP) interview [53] or the more standard semi-
structured qualitative interview [44]. To decide between the two we 
conducted a pilot study with fve participants with varied experi-
ence in meditation, and evaluated participants’ ability to share their 
meditation experiences with either of the interview methodologies, 
alternating after each participant. The micro-phenomenological 
interviews started with "Please share the experience you just had", 
followed by participants’ experiences about being mindful or dis-
tracted. This methodology highlights asking follow-up questions 
that direct participants towards a singular experience, i.e., a specifc 
moment with its specifc sensations and feelings. In the case of our 
pilot study, the exploration uncovered profound descriptions of bod-
ily sensations during specifc moments in the meditation session. 
However, these insights were too specifc to one sensation, and pre-
vented us from uncovering the comprehensive experience and its 
development along the meditation process, with various moments, 
experiences, sensations, and feelings throughout the 10-minute 
meditation session. We learned that the qualitative interview tech-
nique was more appropriate in helping participants verbalize their 
thoughts, emotions, and feelings over the entire meditation process. 
In addition, we saw that during the interviews, questions adapted 
from the State Mindfulness Scale (SMS) [64] were efective as guided 

refection, helping participants refect on various aspects of their 
meditation experiences, for example, awareness of changes in body 
postures and awareness of various body sensations. We, therefore, 
focused on a standard semi-structured qualitative interview and 
included some questions adapted from the SMS questionnaire as a 
guided refection between the meditation sessions and the end of 
the study during the post-experience interview. The study received 
IRB approval from the university’s ethics committee. 

4.1 Participants 
20 individuals participated in the study (10 females and 10 men; 
24-59 years old, mean age=32, SD=9.4). All participants were native 
speakers of the country’s language. The participants’ experience 
in meditation varied from inexperienced (0-1 year, N=9) to experi-
enced (4 years and above, N=11). The range of expertise allowed 
us to explore the perception of the wearable by both novices and 
experienced meditators. 

4.2 Experimental Design and Measures 
To enhance the potential for self-refection about the targeted 
warmth sensation during meditation, we designed an exploratory 
study with two short meditation sessions, one with the wearable 
and one without, hoping that the diferent experiences would make 
it easier for participants to verbalize their introspective process. 
Each participant had a warm-up session, then meditated once with 
the wearable and once without. In between the sessions, we held 
a very short refection session, and at the end a long qualitative 
interview. To try to minimize the infuences of the research envi-
ronment on the meditation experience, we made sure to create a 
distraction-free environment by using a quiet room, soft lights, and 
minimal noises. We also made sure that the environment would 
feel more appropriate for meditation, as close as possible to a home 
meditation area or a retreat center with meditation pillows and a 
warm home-style carpet. Additionally, when participants entered 
the quiet research room, they were asked to read a short emotion-
ally neutral text to distance themselves from daily activities and 
the external lab environment outside the room. 

• 10-minute warm-up session: All participants engaged in a 10-
minute non-meditation reading session to feel more comfort-
able in the study environment and "ease into" the upcoming 
meditation sessions. 

• 10-minute meditation session: half of the participants medi-
tated with the wearable and half without. 

• 2-4 minutes refection sessions: to enhance the potential for 
self-refection during such a subjective experience, all par-
ticipants were asked one open-ended question that was not 
followed-up ("please share shortly about the experience you 
just had"), and reviewed several written sentences regarding 
meditation in general as guided refection (the sentences 
were adapted from the State Mindfulness Scale (SMS) ques-
tionnaire [64]: "I noticed pleasant or unpleasant thoughts", "I 
change my body posture and paid attention to the physical 
process of moving", etc. Participants read the same sentences 
as guided refection also in the post-experience interview. 
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• 10-minute meditation session: second meditation session, 
half of the participants meditated with the wearable and half 
without. 

• 15-20 minutes: a post-experience qualitative interview, with 
several questions and long follow-ups based on the natu-
ral dynamics of the discussion, asking participants to re-
fect on the experience with the wearable (either frst or 
second meditation session), discussing their feelings, emo-
tions, thoughts, focal of attention, and overall preferences 
regarding the warmth sensation on their body, preferred 
body locations, the wearable design, and their opinion on 
the broader concept of technology for meditation. 

4.3 Procedure 
Once a participant arrived in the lab, they completed a demographic 
questionnaire that included their age, gender, and years of experi-
ence in meditation. The researcher explained that the study involves 
a new technology for meditation, and that they would engage with 
a safe prototype that produces low heat. The participant signed a 
consent form and was invited to enter the quiet experiment room 
that included a chair, desk, laptop, a meditation rug, a meditation 
sitting pillow, and two optional meditation-supporting pillows for 
the legs. (See fgure 6 for the experimental setting) 

Participants were invited to start the "warm-up" session by sit-
ting on a chair in front of a desk with a laptop and reading an 
emotionally neutral article on a new animal that was brought to the 
local zoo. This stage aimed to form a transition from the fast-paced 
of everyday life to a slower and more quiet atmosphere before start-
ing a meditation session. The researcher then invited the participant 
to sit on the foor in the meditation area and start the meditation 
process, either with or without the wearable. 

If the wearable was included, they were introduced to the wear-
able, were instructed to place it on top of their clothes and not 
directly on the skin, were informed they could change its location 
or remove it completely at any time, and were asked to feel the 
temperature and approve if it feels ok or if they want to change it. 
During the study, none of the participants were asked to reduce the 
temperature, and none removed the wearable during their session. 
They were informed that an expert recommended to start placing 
it on the lower abdomen or the back, but that it is completely up to 
them and they can place it anywhere they wish except the heart 
area, that they can change the location during the session, and can 
also remove it completely. 

Then, a short defnition of mindfulness meditation was presented, 
no matter what the level of experience of the participant was: "The 
state of mindfulness is characterized by attentive and nonjudgmental 
metacognitive monitoring of moment-by-moment cognition, emotion, 
perception, and sensation without fxation on thoughts of past and 
future" [17]. 

Next, the researcher presented the meditation instructions, in 
the same way reported by [19]: “I invite you to sit still with your eyes 
closed and focus your attention on diferent qualities of the present 
moment, for example, sounds, smells, body sensations and the breath. 
When you notice that your attention has wandered of from the present, 
please observe the focal point of your attention without judgment or 
reaction, and then bring your attention gently back to the present 

moment”. There are many Meditation techniques and styles, some 
guided and some unguided, some highlighting practice on focused 
attention [40], and others highlighting open monitoring, loving-
kindness, or compassion [41]. To support participants with low 
experience in meditation, while not limiting participants with expe-
rience in a specifc technique, we chose to introduce the meditation 
practice in a "minimal guidance" style, commonly used in mind-
fulness practices, that broadly presents meditation. This choice of 
minimal guidance also aided in minimizing bias that may occur due 
to participants’ wish to please our expectations for a specifc type of 
meditation or specifc experiences during meditation. We therefore 
used the instructions listed above that were also previously used in 
meditation research [19]. 

Then, the participant started their 10-minute meditation. The 
researcher stayed at the back of the room during the meditation 
sessions. For the one with the wearable, it was in case any concerns 
would be raised regarding the wearable, and in the session without 
the wearable, it was for keeping both experiences as equal as possi-
ble. After 10 minutes, the short refection session was performed, 
followed by the second 10-minute meditation session. Then, the 
fnal interviews took place. At the end of the interview, the re-
searcher debriefed the participant and verifed that the experience 
was positive overall. 

Figure 6: The experimental setting was a quiet room with 
a meditation rug, meditation sitting pillow, two optional 
supporting pillows for the legs, and the targeted warmth 
wearable. 

4.4 Qualitative Analysis 
The qualitative analysis of the interviews allowed us to uncover 
the rich subjective experiences, sensations, feelings, and prefer-
ences participants had with the somaesthetic warmth-producing 
wearable during their meditation session. Two coders and a senior 
researcher used the thematic coding process to analyze the data 
[3]. The process included fve steps: (1) The recorded interviews 
were transcribed, then two coders reviewed three interviews sev-
eral times to gain a general understanding of the data; (2) Each 
coder identifed initial themes individually, and then presented and 
discussed with a senior researcher, inconsistencies were analyzed 
and resolved; (3) A list of initial themes was defned; (4) The two 
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coders continued to individually analyze half of the data (10 inter-
views), comparing the themes and resolving inconsistencies, until a 
satisfactory level of agreement was reached (Cohen’s kappa= 88%); 
(5) Then, the remaining interviews were analyzed according to the 
fnal list of themes. 

5 FINDINGS 
The qualitative analysis of participants’ interviews revealed four 
high-level themes: interpretations of the warmth sensation, the 
tension between self-reliance and technology-supported process, 
feelings regarding body placement, and wearable design aspects. 

5.1 Theme 1: Interpretations of the Warmth 
Sensation 

Participants’ subjective interpretations of the warmth sensation 
were surprisingly rich and meaningful, the analysis revealed four 
sub-themes: grounding attention; providing companionship and sup-
port; soothing and comforting; and therapeutic feeling. Based on the 
frequency of interpretations, we classifed each participant into 
their most dominant sub-theme. Clearly, some participants had 
quotes that can be associated with more than one sub-theme, but 
with all participants a clear leading sub-theme was evident. 

5.1.1 Grounding Atention (9/20). All participants in this sub-theme 
described the warmth sensation as an internal force that was "pulling" 
or "guiding" their attention inward towards the body location of the 
wearable. Most of them characterized it as a positive aspect of their 
meditation process, mentioning it helped in diverting attention 
away from distracting thoughts, helping them to connect with their 
bodies, or shifting attention away from painful areas. “It is really 
present in the body and specifcally in the organ that you place it on. 
It is much like pain, but not in the bad sense because it feels pleasant." 
(p.5, years of experience (YOE)=6); “My attention was focused on 
exploring the experience, it did not wander...I was focused on where 
the warmth was and what it made me feel or think.” (p.18, YOE=5); 
“When the warmth was on my left side, my attention was drawn to 
the left side of my body. I had prior physical pain on my right side, 
but I didn’t feel it anymore, not as much as before.“ (p.10, YOE=5); 
“There were moments in which it helped me focus my attention on my 
body. Suddenly feeling this warmth sensation connected me to myself, 
and helped me gain serenity.” (p.4, YOE=5). 

Some participants felt the dominance of the warmth was too 
strong, taking away their freedom to direct attention elsewhere: “I 
felt it was a reduction of the experience. In the meditation process I 
go through, the more you get into the meditation the more you open 
yourself to more experiences...and once you can hold the entire expe-
rience as a whole you do not need to anchor only on physical aspects 
anymore. The warmth drew my attention to this sole aspect when 
I was already used to going from one experience to the other in my 
meditations. . . But maybe when located in a diferent body location or 
when I experience anxiety it can be really helpful because it grounded 
me...and when I placed it on the chest it was really meaningful” (p.15, 
YOE=7); “It drew my attention to an unfamiliar experience in my 
body, I mean, I suddenly started to feel this warmth and noticed the 
pattern goes up and down, so even when I feel it calming down I know 
it will soon go up and I was preparing myself for this... it directed my 

concentration to this aspect“ (p.2, YOE=0). After some more explo-
ration during the session, participants reported that they learned 
how to practice with it, and it became helpful in dealing with chal-
lenges they want to deal with: “At the start, it was too hot and it 
annoyed me. It interrupted my process of getting into the meditation. 
But then, I placed it somewhere else and it calmed down, and another 
issue emerged, I’m not sure how to characterize it but it involved self-
criticism. I asked myself why I had not placed it in another location 
before, and then I almost didn’t feel it at all so I thought maybe I 
moved it to the wrong place or placed it incorrectly. It woke me to my 
own known self-criticism” (p.3, YOE=4). 

5.1.2 Supporting and Motivating (4/20). Participants in this sub-
theme described the warmth sensation as a gentle, reassuring pres-
ence that metaphorically supports, motivates, and accompanies 
them during the lonely and unstructured meditation process. “It 
feels like you are not alone in this, that there is someone with you who 
protects you and holds you.” (p.14, YOE=1); “It feels like it is there 
for support, much like a hand that holds me. Sitting on the ground is 
hard, this is something that motivates me to continue the practice.” 
(p.1, YOE=5). 

5.1.3 Soothing and Comforting (3/20). Participants in this sub-
theme characterized the warmth as providing emotional comfort, 
as if the warmth was produced by human touch. “It was a type of 
tender and loving warmth, much like a baby being put in the crib 
and being cradled until they could fall asleep.“ (p.20, YOE=0.5); “It 
was a very pleasant touch, maybe like a hug, there is something very 
comforting in it, much like someone close to you lays their hands on 
you“. (p.9, YOE=0); “The frst thing I thought of was a hug, such a 
hug of acceptance, I am a very defensive person and I always keep 
my walls up, and maybe in that moment, there was something that 
took it of me, some type of a hug.” (p.7, YOE=0). 

5.1.4 Therapeutic Feelings (4/20). Participants in this sub-theme 
associated the targeted warmth with therapeutic feelings, mostly 
related to muscle pain or to specifc organs in which they had a 
known pain for a while. “I automatically placed the warmth on my 
lower abdomen, I have a medical condition there, and the warmth 
was therapeutic, it was completely healing in my experience” (p.10, 
YOE=6); “I felt like it expanded my blood vessels, making everything 
a bit calmer, it was very healing.” (p.19, YOE=4); “I was able to get to 
the mental places I wanted to be in because it eliminated the pains I 
had before“ (p.17, YOE=0). 

5.2 Theme 2: The Tension between Self-reliance 
and Technology-supported Process 

Many participants wanted to discuss the tension between medi-
tation as a self-managed internal process, and technology as an 
external process that may compromise the process of introspection. 

On one hand, all participants felt comfortable with the somes-
thetic wearable as a tool that supports their self-exploration process 
during meditation: “This (the warmth sensation) was more like a tool 
to me, just like one can focus on the breath or body scan, one can focus 
on this.” (p.5, YOE= 6); “Warmth is interesting to explore, just as any 
other explorative "object". In the warmth there are several elements, 
the danger, the fear, but also the soothing aspect like a comforting 
blanket, there is a strong emotional aspect in warmth.“ (p.18, YOE=5); 
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On the other hand, participants discussed the tension between 
external technological aid and the notion of meditation as a self-
reliant endeavor, revealing how they learned to work with it and 
gradually accepted it as an appropriate support. Some mentioned 
how aids, in general, are counterproductive: “I feel like a lot of the 
time the "aids" are a distraction, creating a positive reinforcement that 
in the end is damaging my ability to connect to myself to the fullest.” 
(p.4, YOE=5). Others emphasized that challenges are an integral 
aspect of a self-reliant process like meditation: “It’s hard to meditate, 
but it is hard because this is how it should be. I’m not sure we should 
make it easier by adding technology. . . if a technological object will 
make us passive it is problematic. So if we are to add technology it 
should not replace the hard work in the process...in this case - I did 
not feel that I had become passive” (p.6, YOE=7). 

Some addressed this tension by acknowledging that technology 
can be a supporting aid for meditation, but should be a transitory 
aid rather than permanent: “In my opinion, at the moment that one 
can hold the entire experience, I don’t see how technology can ft here, 
maybe, in the beginning, it can help.“ (p.15, YOE=7); “I would like to 
continue to explore it, but do I want to practice only with it forever? 
Probably not” (p.19, YOE=4). 

However, others explained how they see a value in using it 
also over time, as it invites new explorations: “I experienced lots 
of curiosity, and I was eager to discuss it. Even when some of the 
experiences were familiar to me it was still diferent because it revolved 
around the warmth. The opportunity to keep exploring it in the future 
is very intriguing” (p.10, YOE=5). 

5.3 Theme 3: Feelings Regarding Body 
Placement 

Most of the participants (16/20) associated the wearable position 
on their body with their meditation goal, for example forehead 
for a mind-focused meditation, the stomach for a body-focused 
meditation, or other locations with pain for therapeutic purposes. 
Chest (not on the heart) and back locations were mentioned as 
providing support (either emotional or physical). “If I could, I would 
like to place it on my forehead, like a third eye. My initial instincts 
are to take this instrument for focusing and clearing the mind." (p.7, 
YOE=0); “I think that placing it on the stomach can provide a whole 
diferent experience. Feelings are in the stomach, vulnerability is in the 
stomach. . . It can also be interesting to think about the heart, especially 
in compassion or gratitude types of meditation.” (p.18, YOE=5). 

5.4 Theme 4: Wearable Design Aspects 
Participants in this theme commented about the wearable belt 
design and the warmth characteristics, specifcally control over the 
temperature, pattern, and spread. The belt was designed to allow 
fexibility in attaching the wearable to diferent body locations, 
some found it useful “The belt was very nice, and the fact that I could 
move the heat circle on the X-axis to explore diferent body locations 
was great” (p.10, YOE=5). While others had concerns “The belt felt 
tight, it was a little too tight on the body... I would like the object to be 
without the belt, the tightness was disturbing to me.” (p.12, YOE=5) or 
expected greater fexibility “I would like to have the option to place 
it easily on diferent body locations and to easily move it from one 
place to the other.” (p.12, YOE=5). 
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Table 1: Participants’ experience levels in meditation 

Years of experience (YOE) Participant number Age Gender 
0 2 28 M 
0 7 48 M 
0 9 27 F 
0 13 26 F 
0 16 28 M 
0 17 28 M 
0.5 8 29 F 
0.5 20 59 M 
1 14 27 M 
4 3 27 F 
4 19 30 F 
5 1 27 F 
5 4 27 M 
5 10 28 F 
5 11 30 F 
5 12 52 M 
5 18 29 F 
6 5 25 F 
7 6 34 M 
7 15 32 M 

The heat characteristics were designed (based on pilot studies) 
with a specifc pattern and min/max temperatures, some of the 
participants expressed a desire to control both temperature and 
pattern. “Maybe it should be more random, or correlate with the pulse 
or something, and also have the option to self-regulate it because 
not every level of heat is suitable for every situation” (p.2, YOE=0). 
The spread of the warmth was designed to be a few centimeters 
in radius, some expressed they wanted it to be broader “I wanted 
the heat to wrap around me, to hold me, to be all over the belt, not 
focus only on one area” (p.10, YOE=5); “If it was like a blanket or a 
vest, something that can immerse you in the experience it would be 
nice.“ (p.19, YOE=4). No comments were voiced regarding the need 
to make the warmth more focused than it was. 

Some participants mentioned the visibility of the technology that 
powered the wearable (an Arduino and power bank were wired 
to the wearable, and placed on the foor beside the meditator, in a 
visible way) “I would have hidden the Arduino to make it look like a 
wearable that is not technological.” (p.8, YOE=0.5, and p.5, YOE=6). 

6 DISCUSSION 
Meditation practice is a highly subjective, introspective experience. 
There are diferent types of meditation, with diferent techniques 
and goals, but a core aspect of all is the observation of mental 
and bodily sensations as they are. Meditation is also an extremely 
self-reliant process, emphasizing self-discipline and practice over 
time to improve one’s ability to observe and accept mental and 
bodily sensations as they are. Therefore, technology designed to 
support meditation may contradict the essence of meditation and 
may create tension between a meditator’s aim to be self-reliant 
and the technology’s aim to assist. On the other hand, meditators 
have no objection to using tools or non-technological objects that 
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assist by alleviating body pain during meditation (such as pillows or 
small benches) or listening to meditation guidance streamed while 
meditating to motivate and assist in the overall meditation session. 

We suggest that targeted warmth, designed as a wearable device 
that enables self-exploration of various bodily locations, can be an 
appropriate technology for meditation by enhancing one’s ability 
to explore mental and body sensations using the targeted warmth, 
while not compromising the self-reliant aspects of meditation. 

In this work, we presented a somaesthetic targeted warmth wear-
able. Our study participants used the wearable during a minimally-
guided meditation session, placing the warmth sensation on various 
body locations and exploring the efect it may have on their sen-
sations, feelings, and emotions. Our qualitative fndings validated 
that warmth is a relevant modality for meditation processes. Partic-
ipants with diferent levels of experience in meditation shared how 
they used the warmth in various ways, exploring their focal of at-
tention, their awareness towards certain body locations, leveraging 
it to ease pain, or to induce feelings of comfort and intimacy. As 
one participant mentioned: "I started to feel my whole body getting 
warmer, which is an unknown feeling, but it was interesting...It was 
like the warmth was spreading out of me. The sensation was from the 
inside out, from the place where the object was located outside, and 
back to me for more exploration" (p.1, YOE=5); Some participants 
shared they felt challenged by the technology, felt it was distracting 
their attention, or too warm at times, or the belt was too tight, 
However, they also shared that after little more exploration, they 
learned how to work with the technology during the meditation 
process, by changing body placement, using it to direct attention 
towards body locations less explored before, or dealing with the 
slight rising of fear when the temperature starts to change. “At 
some point, I was scared it was going to be too hot, it captured my 
attention and was distracting. But then I thought of it as another type 
of meditation, a type in which you work with unpleasant sensations. 
I don’t have experience in these types of meditations but I know they 
exist. And in that moment I realized I could work with these feelings. 
I thought to myself here is this element that is not harmful, but it is 
also not pleasant, and you should keep going. It’s all good. And in 
that context, I found it (the object) to be really helpful” (p.6, YOE=7). 

6.1 The Potential Roles of Warmth in 
Meditation 

Our research revealed four sub-themes that can greatly serve HCI 
designers interested in the efect warmth has on introspection: 
grounding attention, supporting and motivating, soothing and com-
forting, and therapeutic feeling. For each sub-theme we present 
the role it serves coupled with supporting quotes, contextualize 
our fndings in prior work, and suggest impact for HCI designers 
beyond meditation. 

6.1.1 Grounding Atention. The grounding attention sub-theme 
has a functional role, as it directly infuences the focal of atten-
tion, "pulling" one’s attention towards the location of the targeted 
warmth, especially when the temperature pattern is increasing. “I 
usually focus on the upper body and have these feelings of soaring 
high, or turning in circles, spiral feelings, and lots of ’air’. Placing this 
object on my lower abdomen created a diferent, unfamiliar meditation 
experience, a feeling of ‘ground’, focused on my lower body. . . It was 

like a pit in my stomach that everything was drawn to” (p.1, YOE=5). 
These fndings are in line with prior work [9, 57] that showed 
warmth can increase awareness of a specifc heating pattern during 
meditation by pulling one’s attention towards a predefned body 
location. Our fndings contribute by showing that even without a 
predefned location or goal when users are asked to self-explore var-
ious body locations and appropriate the warmth to their meditation 
process in any way they wish, the warmth serves the essence of 
the meditation practice - directing one’s attention towards various 
bodily sensations to explore various mental states or emotions. 

The impact for HCI designers in the context of meditation is that 
targeted warmth technology is appropriate for meditation and can 
support meditators to divert their focus of attention, either away 
from disturbing thoughts or painful body locations, or with more 
advanced meditators, towards less explored body locations. Our 
fndings may also be relevant to other contexts beyond meditation, 
in domains that require a shift of attention, such as the thermal 
navigation implemented in a walking stick for the visually impaired 
[46]. Potential future directions may be a targeted warmth wearable 
for children or students to help direct focal attention back to the 
task at hand and away from wandering thoughts. Another possible 
direction is in the gaming context, a wearable game controller 
that provides feedback using targeted warmth attracts a gamer’s 
attention towards a specifc event. Such directions should be studied 
in future work. 

6.1.2 Supporting and Motivating. The supporting and motivating 
sub-theme has a behavioral role, as meditation is an unstructured 
introspection process, and the warmth helps people feel as if an-
other human entity is motivating them and "holding" them. For 
example: “I kind of felt that if it weren’t for the object I would proba-
bly fall asleep or give up. It was like the object provided this gentle 
push saying ’pay attention, do not fall asleep, do not give up, I’m 
still here" (p.19, YOE=4). This fnding is in line with prior work 
in a non-meditation context that demonstrated how temperature 
changes on a wrist-based device informed participants if they were 
on the right path or not when following a 2D maze [66]. 

Our work contributes by showing that targeted warmth sen-
sations communicate more than information, they have an inte-
gral behavioral aspect that in certain contexts can be perceived 
as meaningful support or motivation that helps participants keep 
on trying to fnd their path. In the context of introspection and 
body awareness practices, HCI designers can leverage this to in-
crease motivation and support in challenging situations, for exam-
ple when practicing Yoga or Tai Chi, many practitioners may feel 
overwhelmed, exhausted, bored, or incompetent, and the targeted 
warmth may provide a "gentle push", motivating and supporting 
the practitioner to not give up and continue. 

6.1.3 Soothing and Comforting. This sub-theme relates to the emo-
tional role of the targeted warmth, providing a feeling of a "soothing 
loving entity" in the lonely process of meditation. Participants de-
scribed the warmth sensation as providing a sense of human touch, 
intimacy, and love. For example: “We always speak about love as 
warmth, and the warmth provided gave me this sense of pleasure and 
love in the body” (p.13, YOE=0). This fnding is in line with prior 
work in a non-meditation context, for example, a somaesthetic work 
showing parents used the thermal modality to convey feelings of 
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afection to their children [37], or psychology research showing 
warmth-related words are correlated with positive emotions [67]. 

Our fndings contributed by contextualizing prior work to the 
context of meditation, showing that abstract warmth was perceived 
by individuals as afection that is produced by loved ones, or pro-
duced internally in their body. Interestingly, this sub-theme was 
associated with novice practitioners more than experienced ones. 
Within the context of meditation, HCI designers can leverage this 
"soothing and comforting" role of targeted warmth to increase 
feelings of human intimacy, for example, a wearable designed for 
specifc body parts that are common for a human’s comforting 
touch, such as a gentle hand pat on the upper back or the neck. In 
a non-meditation context, the warmth "soothing and comforting" 
role can be used to alleviate loneliness, for example, a children’s 
pillow can be designed to "hug back" using warmth, alleviating 
loneliness before falling asleep. 

6.1.4 Therapeutic Feelings. The fourth role of the targeted warmth 
was in line with some of the non-meditation works in the medical 
feld, ones that associated heat with soothing muscle pain and other 
health benefts [15, 20, 31, 51, 52, 54, 71]. In the context of our 
work, the ability to explore various body locations by strapping 
the wearable encouraged participants to explore various physical 
pains, including muscles, organs, and joints. For example, “I moved 
the object on the X-axis of the strap and felt the warmth like a snake 
that moved around my waist to heal my pain” (p.10, YOE=5). Several 
participants reported subjective feelings of alleviation of pain, we 
do not claim that our prototype had any physical efects beyond 
subjective feeling. “Usually when one sits for a long time the pain 
grows, but now on the second meditation (i.e., the one with the object) 
my pain disappears. I’m relating it to the object, since nothing changed 
between the two sessions, I’m sitting in the same place and the same 
position. The only diferentiation I can think of is having the object or 
not having it, these are the facts.” (p.17, YOE=0). 

Our fndings contextualize the known efect of heat as a sooth-
ing, relaxing, or healing stimulus in the meditation domain. Within 
that context, targeted warmth’s potential healing efect, either as 
a subjective feeling or with potential muscle-related pain relief, is 
extremely relevant as meditators experience physical pain through-
out their practice, especially when practicing the classic sitting 
position. Future works should further examine that. Beyond medi-
tation, targeted warmth can be a highly relevant domain for HCI 
innovation, in sports, physiotherapy, and the general population’s 
back and neck pain. 

6.2 Unpacking the tension between self-reliance 
and technology-supported process 

Our participants discussed the unavoidable tension between an ex-
ternal technology and their internal introspection processes. They 
emphasized meditation as a self-reliant, unaided endeavor, with 
challenges and hardships that are at the core of the practice. 

Indeed, prior work regarding meditation apps and VR technology 
reported on the negative aspects technology can introduce to such 
an introspective process, for example, it may distract meditators 
from being present in the moment without judgment, may introduce 
an achievement-oriented mindset, or may lead to over-reliant on 
technology [29, 30, 38]. Another negative aspect mentioned was 

meditation apps, that tend to focus on supporting relaxation, while 
meditation requires efort to enjoy the benefts of it [30]. 

We strived to address these challenges in our somaesthetic wear-
able design, using warmth as our only modality to minimize dis-
tractions and encourage multiple interpretations, designing for 
self-exploration, and utilizing materials that are appropriate for 
meditation. 

Indeed, our fndings show that our design was a successful frst 
step in addressing the tension between technology and medita-
tion. After the experience with our somaesthetic wearable, some 
participants suggested that technology can be a supporting aid if 
it is transitory rather than permanent, and some even went one 
step further and saw it as an appropriate support for meditation 
also over time, as it invites the meditator to challenge herself and 
explore new sensations. “I would’ve thought that if you placed a 
technology that generated heat on me it would be distracting and 
bother me, another internal stimulus is the last thing one needs during 
meditation, but as soon as I felt it, I saw it did not add any distractions. 
The concept itself became interesting.” (p.14, YOE=1); “I already feel 
somewhat experienced in meditation and my experiences feel quite 
consistent, and suddenly, an experience came that I was not famil-
iar with. I don’t know yet whether to associate it with a positive or 
negative valence, but I feel that it has opened interesting feelings for 
investigation for future meditations, and it intrigues me to keep the 
exploration of warmth sensations in the future” (p.1, YOE=5); 

In sum, our fndings suggest that it is possible to "decrease the 
tension between technology and meditation" if the technology is 
designed as a tool that provides opportunities for meditators to 
develop a new relationship with the technology, appropriating it to 
their personal meditation technique, their preferred body location, 
their level of experience, and especially leveraging it to explore the 
immediate sensations and feelings they are having either a positive, 
negative, or neutral ones. 

7 DESIGN GUIDELINES FOR TARGETED 
WARMTH TECHNOLOGY IN MEDITATION 

Building on our design, implementation, and study fndings, we 
propose the following design guidelines for targeted warmth wear-
ables in the context of meditation, body awareness, or thermal 
interaction in general. 

(1) Design for self-exploration of feelings and emotions: 
The wearable design and warmth technology should en-
courage self-exploration. The warmth temperature, thermal 
pattern, and attachment to body locations, should all be de-
signed to aford straightforward adjustment with eyes closed, 
as diferent people experience warmth diferently. 

(2) Encourage multiple interpretations of the warmth sen-
sation: We identifed four potential roles for the warmth 
sensation during meditation- functional (pulling focal of at-
tention), behavioral (motivating to "get back to the practice"), 
emotional (comforting during the lonely process), and thera-
peutic feelings. The design and provided instructions should 
not bias the user towards one role or another but encourage 
self-interpretation and meaning-making. 

(3) Choose materials that minimize physical and psycho-
logical distractions: Meditators pay attention to their body 
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and mind for long periods, and every small detail is sensed, 
sparking physical or psychological reactions. Experienced 
meditators can handle it, but all meditators prefer to spend 
their practice time dealing with deeper sensations rather 
than superfcial ones. If the wearable strap is tight rather 
than comfortable, if the material is too artifcial rather than 
natural, or if the battery pack and digital technology are too 
visible rather than hidden, then the design adds superfcial 
distractions that may occupy users’ attention. It’s best to 
make design decisions that minimize such distractions as 
much as possible. 

(4) Embrace the tension between self-reliance and technology-
reliance: Meditators constantly practice, striving to observe 
mental and bodily sensations as they are, without judgment 
or interpretation, in a self-reliance self-managed process. 
Adding technology to this introspective process creates an 
unavoidable tension between developing one’s internal ca-
pacities vs. receiving assistance from an external device. De-
signers should address this unavoidable tension and make 
design choices that respect the self-reliant introspective pro-
cess, encouraging users to use the technology as a tool that 
supports their process instead of compromising it, helping 
them to develop their internal capacities rather than replace 
their intrinsic efort. One such design choice was to limit 
ourselves to thermal modality only, as warmth can be sensed 
with eyes closed and is perceived as internal rather than 
external [57]. Another relevant design choice we took is the 
use of materials that are appropriate for the specifc context, 
in our case, soft fabrics. 

We hope our work can inspire HCI designers to leverage the vast po-
tential of somaesthetic design for introspective processes in general, 
and meditation in particular. 

8 LIMITATIONS 
Our study has several limitations. First, there are many types of 
meditation practices, and diferent types of meditations can lead 
to diferent sensations and experiences and therefore to diferent 
fndings. In our procedure we provided minimal guidance, to em-
brace both inexperienced and experienced meditators, and enable 
experienced ones to practice their own technique if they wish. Our 
qualitative analysis led to repeating themes about participants’ 
interpretations of the warmth sensation, so even with a possible 
variance in meditation styles, common themes emerged. Future 
research should look more deeply into diferences in warmth sensa-
tion interpretation across diferent types of meditation techniques. 

Second, our fndings are based on a single use of a novel tech-
nology, and as such are subject to the novelty efect. Specifcally 
regarding the subjective interpretation of warmth sensation, prior 
work showed a tendency to associate warmth with positive and 
pleasurable feelings [12]. Our fndings may be subject to such nov-
elty efect, however, our participants reported a broad range of both 
positive, negative, and neutral interpretations. Future work should 
study the interpretation of targeted warmth sensation during med-
itation over time, to better understand the novelty efect as well 
as possible habituation. Another related limitation in repetitive or 

longer meditation sessions is possible sweating due to thermal hot 
spots [35]. 

Another limitation concerns our method. The two sessions par-
ticipants performed in the study were meditation with and without 
the warmth technology, and we aimed to evaluate participants’ 
experience with the technology and not without it, to uncover the 
subjective interpretations towards the targeted warmth. Our aim 
was not a comparison study between the two experiences, with 
and without the warmth. It would be valuable for future work 
to compare the diferences between the two experiences, using 
mixed methods, to better understand the impact of the technology. 
Another possible limitation relates to the inherent limitations of 
qualitative interviews, which may be infuenced by the interviewers’ 
thoughts and expectations [49]. To minimize this risk, we followed 
a detailed protocol as well as increased the interviewers’ awareness 
of this efect. Another possible limitation is the "good subject efect" 
[47] that may result in participants providing pleasing responses. 
To minimize this risk, we highlighted to the participants that there 
are no good or bad answers, everything they say or feel is valid 
and we want to understand their experience to the fullest, and that 
they should feel comfortable to also provide negative comments. 
Indeed the interview fndings indicate a range of both positive and 
negative comments. 

Finally, from a critical view perspective, it is important to men-
tion that our work is inspired by the constructivism research ap-
proach by which we acknowledge that our subjective role as re-
searchers is contextualized in our design work [55]. 

9 CONCLUSION 
We presented a novel targeted warmth-producing wearable de-
signed to support the delicate process of introspection during medi-
tation. Our fndings suggest that meditators with varied experience 
levels found the wearable appropriate for meditation practice, re-
porting that the targeted warmth sensation draws attention inward 
and strengthens self-exploration of feelings, emotions, and bodily 
sensations. We discuss the inherent tension between a self-reliant 
process like meditation and an external technology. In that context, 
our fndings show that even when meditators started with a feeling 
that the efect of the warmth on their attention was too dominant 
and therefore distracting, eventually they used the technology to 
explore feelings and sensations that were not easily accessible with-
out it and saw value in the technology as an appropriate support in 
their meditation practice. Our study revealed four potential roles 
for targeted warmth within the context of meditation: a functional 
role of grounding attention, a behavioral role of supporting and 
motivating, an emotional role of soothing and comforting, and a 
therapeutic feeling role in cases of pain. We provide design guide-
lines for targeted warmth technology in meditation and hope that 
our work, together with the existing body of work in somaesthetic 
design, may inspire HCI designers to create and study novel tech-
nologies that connect people more deeply with their body and mind, 
while not compromising the traditional knowledge, practice, and 
culture of introspection. 



Exploring the Efect of Targeted Warmth Technology for Meditation CHI ’24, May 11–16, 2024, Honolulu, HI, USA 

ACKNOWLEDGMENTS 
We would like to thank Andrey Grishko, Elior Carsenti, Emanuel 
Talmasky, and Micha Glikman for their invaluable help in this 
research. 

REFERENCES 
[1] Shimon Akiyama, Katsunari Sato, Yasutoshi Makino, and Takashi Maeno. 2013. 

ThermOn: thermo-musical interface for an enhanced emotional experience. In 
Proceedings of the 2013 international symposium on wearable computers. 45–52. 

[2] Ilhan Aslan, Hadrian Burkhardt, Julian Kraus, and Elisabeth André. 2016. Hold 
my heart and breathe with me: Tangible somaesthetic designs. In Proceedings of 
the 9th Nordic Conference on Human-Computer Interaction. 1–6. 

[3] Richard E Boyatzis. 1998. Transforming qualitative information: Thematic analysis 
and code development. sage. 

[4] Louise Champion, Marcos Economides, and Chris Chandler. 2018. The efcacy of 
a brief app-based mindfulness intervention on psychosocial outcomes in healthy 
adults: A pilot randomised controlled trial. PloS one 13, 12 (2018), e0209482. 

[5] WebMD Editorial Contributors. 2023. What Is Moxibustion? https: 
//www.webmd.com/balance/what-is-moxibustion#:~:text=Moxibustion%20is% 
20a%20form%20of,is%20derived%20from%20Chinese%20medicine. 

[6] Holger Cramer, Helen Hall, Matthew Leach, Jane Frawley, Yan Zhang, Brenda 
Leung, Jon Adams, and Romy Lauche. 2016. Prevalence, patterns, and predictors 
of meditation use among US adults: A nationally representative survey. Scientifc 
reports 6, 1 (2016), 36760. 

[7] J David Creswell, Emily K Lindsay, Daniella K Villalba, and Brian Chin. 2019. 
Mindfulness training and physical health: mechanisms and outcomes. Psychoso-
matic medicine 81, 3 (2019), 224. 

[8] Claudia Daudén Roquet and Corina Sas. 2020. Body matters: Exploration of 
the human body as a resource for the design of technologies for meditation. In 
Proceedings of the 2020 ACM Designing Interactive Systems Conference. 533–546. 

[9] Claudia Daudén Roquet and Corina Sas. 2021. Interoceptive interaction: An 
embodied metaphor inspired approach to designing for meditation. In Proceedings 
of the 2021 CHI Conference on Human Factors in Computing Systems. 1–17. 

[10] Nina Döllinger, Carolin Wienrich, and Marc Erich Latoschik. 2021. Challenges and 
opportunities of immersive technologies for mindfulness meditation: a systematic 
review. Frontiers in Virtual Reality 2 (2021), 644683. 

[11] Abdallah El Ali, Xingyu Yang, Swamy Ananthanarayan, Thomas Röggla, Jack 
Jansen, Jess Hartcher-O’Brien, Kaspar Jansen, and Pablo Cesar. 2020. Thermal-
Wear: Exploring wearable on-chest thermal displays to augment voice messages 
with afect. In Proceedings of the 2020 CHI Conference on Human Factors in Com-
puting systems. 1–14. 

[12] Dirk M Elston. 2021. The novelty efect. Journal of the American Academy of 
Dermatology 85, 3 (2021), 565–566. 

[13] Brittany F Escuriex and Elise E Labbé. 2011. Health care providers’ mindfulness 
and treatment outcomes: A critical review of the research literature. Mindfulness 
2 (2011), 242–253. 

[14] Peter Forster. 2017. Mindfulness and the Quality of Romantic Relationships: Is It 
All about Well-Being? Open Journal of Social Sciences 5 (2017), 59–63. 

[15] Livia Freitag. [n. d.]. 28: Post-exercise systemic heat therapy decreases the in-
fammation process during recovery: a systematic review and meta-analysis. 
([n. d.]). 

[16] Paulina Fuentes-León, Natalia Jara-Poblete, Pía Bastías-Sánchez, Kaio Fernando 
Vitzel, and Gabriel Nasri Marzuca-Nassr. 2016. Heat transfer by three types of 
hot pack and its implication on the fexibility of the lower back: a randomized, 
controlled trial. Fisioterapia e Pesquisa 23 (2016), 201–209. 

[17] Eric L Garland, Susan A Gaylord, and Barbara L Fredrickson. 2011. Positive 
reappraisal mediates the stress-reductive efects of mindfulness: An upward 
spiral process. Mindfulness 2 (2011), 59–67. 

[18] Katsumasa Goto, Hideshi Oda, Hidehiko Kondo, Michihito Igaki, Atsushi Suzuki, 
Shuichi Tsuchiya, Takatoshi Murase, Tadashi Hase, Hiroto Fujiya, Ichiro Mat-
sumoto, et al. 2011. Responses of muscle mass, strength and gene transcripts 
to long-term heat stress in healthy human subjects. European journal of applied 
physiology 111 (2011), 17–27. 

[19] Jonathan Greenberg, Keren Reiner, and Nachshon Meiran. 2012. “Mind the trap”: 
mindfulness practice reduces cognitive rigidity. PloS one 7, 5 (2012), e36206. 

[20] Riadh WY Habash, Rajeev Bansal, Daniel Krewski, and Hafd T Alhafd. 2006. 
Thermal therapy, part 1: an introduction to thermal therapy. Critical Reviews™ 
in Biomedical Engineering 34, 6 (2006). 

[21] Luke Haliburton, Svenja Yvonne Schött, Linda Hirsch, Robin Welsch, and Albrecht 
Schmidt. 2023. Feeling the Temperature of the Room: Unobtrusive Thermal 
Display of Engagement during Group Communication. Proceedings of the ACM 
on Interactive, Mobile, Wearable and Ubiquitous Technologies 7, 1 (2023), 1–21. 

[22] Mehdi Hojatmadani, Benjamin Rigsby, and Kyle B. Reed. 2022. Time Delay 
Afects Thermal Discrimination. IEEE Transactions on Haptics 15, 2 (2022), 451– 
457. https://doi.org/10.1109/TOH.2022.3156122 

[23] Kristina Höök, Steve Benford, Paul Tennent, Vasiliki Tsaknaki, Miquel Alfaras, 
Juan Martinez Avila, Christine Li, Joseph Marshall, Claudia Daudén Roquet, Pedro 
Sanches, et al. 2021. Unpacking non-dualistic design: The soma design case. ACM 
Transactions on Computer-Human Interaction (TOCHI) 28, 6 (2021), 1–36. 

[24] Kristina Höök, Martin P Jonsson, Anna Ståhl, and Johanna Mercurio. 2016. So-
maesthetic appreciation design. In Proceedings of the 2016 chi conference on human 
factors in computing systems. 3131–3142. 

[25] Kristina Höök, Anna Ståhl, Martin Jonsson, Johanna Mercurio, Anna Karlsson, 
and Eva-Carin Banka Johnson. 2015. Cover story somaesthetic design. interactions 
22, 4 (2015), 26–33. 

[26] Ana Howarth, Jared G Smith, Linda Perkins-Porras, and Michael Ussher. 2019. 
Efects of brief mindfulness-based interventions on health-related outcomes: A 
systematic review. Mindfulness 10, 10 (2019), 1957–1968. 

[27] Martin Jonsson, Anna Ståhl, Johanna Mercurio, Anna Karlsson, Naveen Ramani, 
and Kristina Höök. 2016. The aesthetics of heat: guiding awareness with thermal 
stimuli. In Proceedings of the TEI’16: Tenth International Conference on Tangible, 
Embedded, and Embodied Interaction. 109–117. 

[28] Jon Kabat-Zinn. 2003. Mindfulness-based interventions in context: past, present, 
and future. (2003). 

[29] Simon Karlsson, Ottilia Olsson, and Maria Normark. 2022. " I feel like I’ve never 
really achieved it" A critical analysis of persuasive design patterns in mindfulness 
applications. In Nordic Human-Computer Interaction Conference. 1–10. 

[30] Ryan M Kelly, Elizabeth M Seabrook, Fiona Foley, Neil Thomas, Maja Nedeljkovic, 
and Greg Wadley. 2022. Design considerations for supporting mindfulness in 
virtual reality. Frontiers in Virtual Reality 2 (2022), 672556. 

[31] Kyoungrae Kim, Blake A Reid, Caitlin A Casey, Brooke E Bender, Bohyun Ro, 
Qifan Song, Adam J Trewin, Aaron C Petersen, Shihuan Kuang, Timothy P Gavin, 
et al. 2020. Efects of repeated local heat therapy on skeletal muscle structure 
and function in humans. Journal of Applied Physiology 128, 3 (2020), 483–492. 

[32] Seyeong Kim, Yea-kyung Row, and Tek-Jin Nam. 2018. Thermal interaction with 
a voice-based intelligent agent. In Extended Abstracts of the 2018 CHI Conference 
on Human Factors in Computing Systems. 1–6. 

[33] Ilkka Kosunen, Mikko Salminen, Simo Järvelä, Antti Ruonala, Niklas Ravaja, and 
Giulio Jacucci. 2016. RelaWorld: neuroadaptive and immersive virtual reality 
meditation system. In Proceedings of the 21st International Conference on Intelligent 
User Interfaces. 208–217. 

[34] Keitaro Kubo, Hiroyoshi Yajima, Miho Takayama, Toshihiro Ikebukuro, Hideyuki 
Mizoguchi, and Nobuari Takakura. 2010. Efects of acupuncture and heating on 
blood volume and oxygen saturation of human Achilles tendon in vivo. European 
journal of applied physiology 109 (2010), 545–550. 

[35] Orlando Laitano, Lisa R Leon, William O Roberts, and Michael N Sawka. 2019. 
Controversies in exertional heat stroke diagnosis, prevention, and treatment. 
Journal of Applied Physiology 127, 5 (2019), 1338–1348. 

[36] Jinsoo Lee and Seong Woo Yoon. 2014. Efcacy and safety of moxibustion for 
relieving pain in patients with metastatic cancer: a pilot, randomized, single-blind, 
sham-controlled trial. Integrative Cancer Therapies 13, 3 (2014), 211–216. 

[37] Sunmin Lee and Thecla Schiphorst. 2016. Warmth and afection: exploring 
thermal sensation in the design of parent-child distant interaction. In Human-
Computer Interaction. Novel User Experiences: 18th International Conference, HCI 
International 2016, Toronto, ON, Canada, July 17-22, 2016. Proceedings, Part III 18. 
Springer, 3–14. 

[38] Jingjin Li and Gilly Leshed. 2022. Beyond Meditation: Everyday Mindfulness 
and Technology Use. In CHI Conference on Human Factors in Computing Systems 
Extended Abstracts. 1–6. 

[39] Tim Lomas, Tina Cartwright, Trudi Edginton, and Damien Ridge. 2015. A qual-
itative analysis of experiential challenges associated with meditation practice. 
Mindfulness 6 (2015), 848–860. 

[40] Antoine Lutz, Heleen A Slagter, John D Dunne, and Richard J Davidson. 2008. 
Attention regulation and monitoring in meditation. Trends in cognitive sciences 
12, 4 (2008), 163–169. 

[41] Kristina Mah, Lian Loke, and Luke Hespanhol. 2021. Towards a contemplative 
research framework for training self-observation in HCI: A study of compassion 
cultivation. ACM Transactions on Computer-Human Interaction (TOCHI) 28, 6 
(2021), 1–27. 

[42] Diego S Maranan, Jane Grant, John Matthias, Mike Phillips, and Susan L Denham. 
2020. Haplós: Vibrotactile Somaesthetic Technology for Body Awareness. In 
Proceedings of the Fourteenth International Conference on Tangible, Embedded, and 
Embodied Interaction. 539–543. 

[43] John M Mayer, Vert Mooney, Leonard N Matheson, Geetha N Erasala, Joe L Verna, 
Brian E Udermann, and Scott Leggett. 2006. Continuous low-level heat wrap 
therapy for the prevention and early phase treatment of delayed-onset muscle 
soreness of the low back: a randomized controlled trial. Archives of physical 
medicine and rehabilitation 87, 10 (2006), 1310–1317. 

[44] Michele J McIntosh and Janice M Morse. 2015. Situating and constructing diver-
sity in semi-structured interviews. Global qualitative nursing research 2 (2015), 
2333393615597674. 

[45] Svetlana Mironcika, Annika Hupfeld, Joep Frens, Jessica Asjes, and Stephan 
Wensveen. 2020. Snap-snap t-shirt: Posture awareness through playful and 

https://www.webmd.com/balance/what-is-moxibustion#:~:text=Moxibustion%20is%20a%20form%20of,is%20derived%20from%20Chinese%20medicine.
https://www.webmd.com/balance/what-is-moxibustion#:~:text=Moxibustion%20is%20a%20form%20of,is%20derived%20from%20Chinese%20medicine.
https://www.webmd.com/balance/what-is-moxibustion#:~:text=Moxibustion%20is%20a%20form%20of,is%20derived%20from%20Chinese%20medicine.
https://doi.org/10.1109/TOH.2022.3156122


CHI ’24, May 11–16, 2024, Honolulu, HI, USA 

somaesthetic experience. In Proceedings of the Fourteenth International Conference 
on Tangible, Embedded, and Embodied Interaction. 799–809. 

[46] Arshad Nasser, Kai-Ning Keng, and Kening Zhu. 2020. ThermalCane: Exploring 
thermotactile directional cues on cane-grip for non-visual navigation. In Pro-
ceedings of the 22nd international ACM SIGACCESS conference on computers and 
accessibility. 1–12. 

[47] Austin Lee Nichols and Jon K Maner. 2008. The good-subject efect: Investigating 
participant demand characteristics. The Journal of general psychology 135, 2 
(2008), 151–166. 

[48] Kaoru Okada, Kenji Kawakita, et al. 2009. Analgesic action of acupuncture and 
moxibustion: a review of unique approaches in Japan. Evidence-Based Comple-
mentary and Alternative Medicine 6 (2009), 11–17. 

[49] RJG Opdenakker. 2006. Advantages and disadvantages of four interview tech-
niques in qualitative research. In Forum Qualitative Sozialforschung= Forum: 
Qualitative Social Research, Vol. 7. Institut fur Klinische Sychologie and Gemein-
desychologie, art–11. 

[50] Evgeny N Osin and Irina I Turilina. 2022. Mindfulness meditation experiences 
of novice practitioners in an online intervention: Trajectories, predictors, and 
challenges. Applied Psychology: Health and Well-Being 14, 1 (2022), 101–121. 

[51] Mrs Sonal Patel, Ms Parul Baria, and Ms Parul Baria. 2021. EFFECT OF WARM 
WATER FOOT BATH THERAPY ON QUALITY OF SLEEP AMONG ELDERLY. 
Age (in Years) 40, 20 (2021), 66–7. 

[52] Rhonda P Patrick and Teresa L Johnson. 2021. Sauna use as a lifestyle practice to 
extend healthspan. Experimental gerontology 154 (2021), 111509. 

[53] Claire Petitmengin, Anne Remillieux, and Camila Valenzuela-Moguillansky. 
2019. Discovering the structures of lived experience: Towards a micro-
phenomenological analysis method. Phenomenology and the Cognitive Sciences 
18, 4 (2019), 691–730. 

[54] Faith K Pizzey, Emily C Smith, Stefanie L Ruediger, Shelley E Keating, Christo-
pher D Askew, Jef S Coombes, and Tom G Bailey. 2021. The efect of heat therapy 
on blood pressure and peripheral vascular function: A systematic review and 
meta-analysis. Experimental Physiology 106, 6 (2021), 1317–1334. 

[55] Isabel Prochner and Danny Godin. 2022. Quality in research through design 
projects: Recommendations for evaluation and enhancement. Design Studies 78 
(2022), 101061. 

[56] Kirill Ragozin, Xiaru Meng, Roshan Lalintha Peiris, Katrin Wolf, George 
Chernyshov, and Kai Kunze. 2021. ThermoQuest-A Wearable Head Mounted 
Display to Augment Realities with Thermal Feedback. In Proceedings of the 20th 
International Conference on Mobile and Ubiquitous Multimedia. 62–66. 

[57] Claudia Daudén Roquet. 2021. Exploring and designing embodied mindfulness-
based interactive technologies for mental wellbeing. Lancaster University (United 
Kingdom). 

[58] Corina Sas and Rohit Chopra. 2015. MeditAid: a wearable adaptive neurofeedback-
based system for training mindfulness state. Personal and Ubiquitous Computing 
19 (2015), 1169–1182. 

[59] Thecla Schiphorst. 2009. soft (n) Toward a somaesthetics of touch. In CHI’09 
Extended Abstracts on Human Factors in Computing Systems. 2427–2438. 

[60] Emma Schmelefske, M Per, B Khoury, and N Heath. 2022. The efects of 
mindfulness-based interventions on suicide outcomes: a meta-analysis. Archives 
of suicide research 26, 2 (2022), 447–464. 

[61] A Fleming Seay, Diane Gromala, Larry Hodges, and Chris Shaw. 2002. The Medi-
tation Chamber: a bio-interactive therapeutic virtual environment. In Proceedings 
of CHI 2002 workshop on Physiological Computing, J. Allanson and GM Wilson 
(eds.). 19–24. 

[62] Yu-Qian Shi, Yi Wang, Xi-Ting Zhu, Rui-Yang Yin, Yi-Fu Ma, Han Han, Yan-
Hua Han, Yue-Hui Zhang, et al. 2022. The Application of Complementary and 
Alternative Medicine in Polycystic Ovary Syndrome Infertility. Evidence-Based 
Complementary and Alternative Medicine 2022 (2022). 

[63] Anna Ståhl, Martin Jonsson, Johanna Mercurio, Anna Karlsson, Kristina Höök, 
and Eva-Carin Banka Johnson. 2016. The soma mat and breathing light. In 
Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in 
Computing Systems. 305–308. 

[64] Galia Tanay and Amit Bernstein. 2013. State Mindfulness Scale (SMS): develop-
ment and initial validation. Psychological assessment 25, 4 (2013), 1286. 

[65] Nađa Terzimehić, Renate Häuslschmid, Heinrich Hussmann, and MC Schraefel. 
2019. A review & analysis of mindfulness research in HCI: Framing current lines 
of research and future opportunities. In Proceedings of the 2019 CHI Conference 
on Human Factors in Computing Systems. 1–13. 

[66] Jordan Tewell, Jon Bird, and George R Buchanan. 2017. The heat is on: A tem-
perature display for conveying afective feedback. In Proceedings of the 2017 CHI 
Conference on Human Factors in Computing Systems. 1756–1767. 

[67] C Velasco, K Motoki, DV Byrne, QJ Wang, et al. 2021. The temperature of 
emotions. Plos one 16, 6 (2021), e0252408–e0252408. 

[68] Marika Vellei, Richard De Dear, Christian Inard, and Ollie Jay. 2021. Dynamic ther-
mal perception: A review and agenda for future experimental research. Building 
and Environment 205 (2021), 108269. 

[69] Marika Vellei, Richard de Dear, Jérôme Le Dreau, Jérôme Nicolle, Manon Rendu, 
Marc Abadie, Ghislain Michaux, and Maxime Doya. 2022. Dynamic thermal 

Ezer et al. 

perception under whole-body cyclical conditions: Thermal overshoot and thermal 
habituation. Building and Environment 226 (2022), 109677. 

[70] Jay Vidyarthi, Bernhard E Riecke, and Diane Gromala. 2012. Sonic Cradle: de-
signing for an immersive experience of meditation by connecting respiration to 
music. In Proceedings of the designing interactive systems conference. 408–417. 

[71] Alex T Von Schulze, Fengyan Deng, Jill K Morris, and Paige C Geiger. 2020. Heat 
therapy: possible benefts for cognitive function and the aging brain. Journal of 
Applied Physiology 129, 6 (2020), 1468–1476. 

[72] Michele A Williams, Asta Roseway, Chris O’dowd, Mary Czerwinski, and Mered-
ith Ringel Morris. 2015. Swarm: an actuated wearable for mediating afect. In 
Proceedings of the Ninth International Conference on Tangible, Embedded, and 
Embodied Interaction. 293–300. 

[73] Mingxiao Yang, Xiangzhu Chen, Linna Bo, Lixing Lao, Jiao Chen, Siyi Yu, Zheng 
Yu, Hongzhi Tang, Ling Yi, Xi Wu, et al. 2017. Moxibustion for pain relief in 
patients with primary dysmenorrhea: a randomized controlled trial. PLoS One 
12, 2 (2017), e0170952. 

[74] G Yasodha. 2019. Comparison of Analgesic Efect of Specifc Acupuncture and 
Moxibustion in Rheumatoid Arthritis. Ph. D. Dissertation. Government Yoga and 
Naturopathy Medical College, Chennai. 


	Abstract
	1 INTRODUCTION
	2 RELATED WORK
	2.1 Body-focused Prototypes with Thermal Modality in Meditation Context
	2.2 Prototypes with Thermal Modality in Non-meditation Context
	2.3 Multi-Modality Prototypes Studying Body-Awareness in Various Contexts
	2.4 Therapeutic Benefits of Thermal Sensation in Western and Eastern Medical Context

	3 Design and implementation
	3.1 Somaesthetic Design Principles
	3.2 Technical Implementation
	3.3 Iterative Design Process
	3.4 Safety and Health Consultation with Eastern Medicine Expert

	4 Method
	4.1 Participants
	4.2 Experimental Design and Measures
	4.3 Procedure
	4.4 Qualitative Analysis

	5 FINDINGS
	5.1 Theme 1: Interpretations of the Warmth Sensation
	5.2 Theme 2: The Tension between Self-reliance and Technology-supported Process
	5.3 Theme 3: Feelings Regarding Body Placement
	5.4 Theme 4: Wearable Design Aspects

	6 DISCUSSION
	6.1 The Potential Roles of Warmth in Meditation
	6.2 Unpacking the tension between self-reliance and technology-supported process

	7 Design Guidelines for Targeted Warmth Technology in Meditation
	8 LIMITATIONS
	9 CONCLUSION
	Acknowledgments
	References



