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Figure 1: (a) We propose a novel nasal interface that augments the perception of breathing via thermal feedback in the nose. By

cooling or heating the nasal cavity in sync with inhalations, our device can make the user feel as if they are (b) breathing easier

(i.e., inhaling more air) by cooling the inside of the nose or (c) having a harder time breathing (i.e., stu�y room or blocked nose)

by heating. Based on study participants’ analogies, we demonstrate our method with several applications: (d) a VR game that

simulates experiences like breathing dust or fresh air in the outdoors; (e) a meditation app that draws the user’s attention to

their breathing; and (f) an application that relieves mask-wearers from the perceived air resistance while breathing through

the mask �lter.

ABSTRACT

We propose, engineer, and study a novel method to augment the
feeling of breathing—enabling interactive applications to let users
feel like they are inhalingmore/less air (perceived nasal air�ow).We
achieve this e�ect by cooling or heating the nose in sync with the
user’s inhalation. Our illusion builds on the physiology of breathing:
we perceive our breath predominantly through the cooling of our
nasal cavities during inhalation. This is why breathing in a “fresh”
cold environment feels easier than in a “stu�y” hot environment,
even when the inhaled volume is the same. Our psychophysical
study con�rmed that our in-nose temperature stimulation signi�-
cantly in�uenced breathing perception in both directions: making
it feel harder & easier to breathe. Further, we found that ∼90% of
the trials were described as a change in perceived air�ow/breathing,
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while only ∼8 % as temperature. Following, we engineered a com-
pact device worn across the septum that uses Peltier elements. We
illustrate the potential of this augmented breathing in interactive
contexts, such as for virtual reality (e.g., rendering ease of breath-
ing crisp air or di�culty breathing with a deteriorated gas mask)
and everyday interactions (e.g., in combination with a relaxation
application or to alleviate the perceived breathing resistance when
wearing a mask).
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1 INTRODUCTION

Breathing stands out as a unique autonomic function because it
is primarily controlled by the brain [38, 39], resulting in a signi�-
cant impact on human experiences, particularly our comfort and
emotional state [16, 36]. Additionally, as it is commonly practiced
in everyday life, voluntary deep breathing a�ects the autonomic
nervous system, modulating comfort and stress levels [17].

As such, it is unsurprising that breath-responsive interactive sys-
tems and experiences are increasingly popular in human-computer
interaction. For instance, a number of games have integrated breath
as one of their input modalities [30, 40, 42, 47, 54]. Further, imple-
menting breath as an input has been a common feature in biofeed-
back systems to support calming interventions, such as promoting
stress relief through visual or auditory feedback [28, 31, 32, 48].

While leveraging the user’s breathing as an input channel has
been explored and can be implemented via a wide range of solutions
(e.g., hot-wire [52] or -�lm [18] sensing, microphones [54], force
sensors on the chest [42]), the reverse is not the same—output
devices that can alter the user’s breathing are very limited.

Output devices for breathing remain non-trivial since, to alter
one’s breathing, the user’s air�ow needs to be altered. In fact, inter-
active devices that can achieve this are extremely rare. One such
example is AirRes Mask, a mask-based device that uses a servo
motor to block the entrance of a tube the user breathes through,
thereby physically restricting air�ow to enhance virtual reality
immersion [46]. This unique example highlights the challenges in
engineering a suitable method for altering breath, as to manipu-
late inhaled air�ow, one requires motors, tubes, pumps, and more,
making these devices cumbersome and non-practical, which might
explain why so few such devices have been proposed.

In this paper, we take a di�erent approach to altering the user’s
air�ow, one that does not require large tubes, pumps, and other
mechanical actuators—we alter the user’s perceived air�ow by cool-
ing down or heating up their nose using Peltier devices, as shown
in Figure 1. Our illusion builds on the physiology of breathing:
we perceive our breath predominantly through the cooling of our
nasal cavities during inhalation. Our user study con�rmed that this
type of in-nose temperature stimulation signi�cantly in�uenced
breathing perception in both directions: making it feel harder or
easier to breathe.

To enable this novel sensation in interactive applications, we
engineered a compact device worn across the septum featuring
Peltiers and air pressure sensors. Finally, we illustrate the potential
of augmented breathing for a range of contexts, from virtual reality
to everyday interactions.

2 RELATED WORK

The work presented in this paper builds on the literature on breath-
responsive systems and the physiology of breathing.

2.1 Breath as an input modality

The proliferation of breath as an input modality in human-computer
interaction (HCI) springs from the abundance of methods available
to sense respiratory activity, ranging from hot-wire sensing [18, 52],
microphone-based systems [54], force sensors mounted on the chest
[42], and emerging approaches like acoustic signal re�ections [44].

This plethora of sensing techniques catalyzed a surge in research
on integrating breath control into interactive systems.

Examples of breath as input include mapping breathing to nav-
igation in VR [9] or the movements of an amusement ride [30].
Subsequent works incorporated breathing actions, like exhaling
with di�erent strengths, to heighten immersion in VR [6, 7, 42, 49].
Masque played altered breathing sounds—fast and loud versus light
and slow—in synchronization with the user’s breath to in�uence
their sense of attraction [28]. Additionally, given the intimate con-
nection of breath with stress relief and relaxation, many systems
exist for guided breathing or biofeedback [5, 34, 41].

In comparison, we focus on breath as output—i.e., the interactive
device alters the user’s perceived breathing. This is conceptually
and technically important for “closing the loop” for breathing as an
interactive modality.

2.2 Rendering breath to the user via haptics

Several haptic technologies in the form of interactive objects [2, 13,
22, 23, 45] or wearables [11, 12, 15, 20, 27, 33] render breathing in
a way that is perceivable–yet external: they do not use haptics to
alter breathing; they just represent it using haptics. These systems
focus on creating awareness of breathing rather than altering its
perception.

2.3 Altering breathing as an output modality

Unlike research geared towards breathing as input or representing
breathing via haptics, there is little research focused on directly

altering the perception of one’s breath. Two systems explored me-
chanically compressing one’s chest to guide breathing [14] and to
enhance social connections [33]. Unfortunately, Foo et al.’s partici-
pants found that mechanically restricting one’s abdominal (lung)
expansion can also cause some discomfort [14].

Even more closely aligned with our work is AirRes Mask [46],
which mechanically restricts breathing by blocking air�ow through
a gas mask. This allows users to experience progressively harder
breathing as the system reduces the air tube’s opening diameter,
thus constricting air�ow.

Compared to prior approaches, our approach stands out since
(1) it does not require a large facial coverage (i.e., not a mask form
factor as in [46]); (2) non-mechanical actuators are smaller and
quieter (e.g., compared to servos [46] or pumps); (3) importantly, it
can make users feel it is both harder or easier to breathe (which no
prior work has achieved); �nally, (4) its e�ect is perceptual—there is
no risk of mechanical actuators preventing the user from breathing.

3 OUR APPROACH TO REALIZING
AUGMENTED BREATH

Altering the perception of breathing directly presents a formidable
challenge. As described, the only current method to modify breath-
ing requires cumbersomemechanical devices, like motors and tubes,
to physically constrict the user’s breathing [46]. This approach not
only requires mechanical parts but also limits practical applications
and introduces safety concerns—it prevents real air�ow.

In the study of the nose, nasal patency—the sense of how open or
congested one’s nose feels—is considered a key aspect of breathing
perception. Interestingly, subjective sensations of nasal patency
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or air�ow do not always align with the objective measurements
of nasal obstruction [19, 29]. Medical research has revealed that
the nasal vestibule (septum) is a critical area for sensing air�ow
[26], with temperature �uctuations being more pronounced in re-
gions of turbulent air�ow, like the mucosa of the turbinates [51].
This cooling of the nose’s surfaces, rather than the mere tempera-
ture or volume of the inhaled air, triggers the trigeminal sensation
in�uencing the perception of nasal air�ow [53]. Medical studies
have con�rmed that the sensation of air�ow is heightened during
deep breaths, correlated with larger mucosal temperature changes
[3, 50]. Thus, the subjective experience of nasal patency and air�ow
is closely tied to the changes in intranasal temperature [37].

Building on these physiological insights, we propose and vali-
date a novel approach to realize augmented breathing by altering
the perception of nasal patency and air�ow, allowing users to expe-
rience sensations of inhaling more or less air. Our approach utilizes
targeted cooling and heating in the nose in sync with inhalation, cap-
italizing on the principle that the perception of breath is primarily
in�uenced by the cooling e�ect on the nasal mucosa.

It is important to note that we found, in early pilot experiments,
that synchronizing the heating/cooling with the inhalation is key
to feeling that this e�ect is about air�ow instead of just feeling that
one’s nose is hot or cold (merely a thermal e�ect, not our goal).
As seen in our study, this synchronized temperature stimulation
successfully altered participants’ perception of their breathing, with
∼90 % of their remarks focused on perceived air�ow or patency.

As a result, our approach o�ers a compact way to augment
breathing that can both decrease and increase perceived nasal pa-
tency and air�ow without requiring physical obstruction.

4 WALKTHROUGH: ALTERING PERCEIVED
BREATHING

To illustrate our technique with an application, we designed a
virtual reality (VR) experience in which the user navigates through
various environments where their sense of breathing is altered. The
experience uses our wireless wearable device equipped with Peltier
elements and air�ow sensors, enabling real-time adjustments to
the temperature inside the user’s nose, which we found to alter
their breathing perception. The design of this application draws
upon insights from our user study, speci�cally leveraging direct
quotes and real-world analogies that participants used to describe
augmented breathing. These highlight how participants perceived

Figure 2: (a) The user opens a room and (b) kicks up dust.

Scale depicts perceived nasal air�ow for illustration purposes

only.

changes in ease of breathing, such as feeling like breathing “more
air” or inhaling “through a narrow straw”. These augmentations are
purely perceptual: the device does not physically restrict air�ow.
Users maintain constant access to air, experiencing only a sensation
of altered nasal air�ow.

Figure 2 depicts our VR user trying to escape a room where they
were being held. As they walk through this old house in search of
the door’s key, their movements kick dust into the air. In sync with
their breathing, our device heats the inside of their nose, creating
a brief sense of breathing less due to the dusty and “stu�y room”
(quote from Study, by P1).

As depicted in Figure 3, upon �nding the key and opening this
room’s door, the user inadvertently triggers the alarm, releasing
smoke—in sync with inhaling, our device increases the nose’s tem-
perature to emphasize the feeling of “smog in the air” (direct quote
from Study, by P8).

Figure 3: (a) Smoke starts to �ll the house with black specks

and smog until (b) it feels as if it becomes harder to breathe.

Reacting to the smog, shown in Figure 4, the user �nds a gas
mask and equips it. Immediately, our device starts to cool o� their
next inhalations, creating a feeling of “more air entering my nostrils”

(direct quote from Study, by P6).

Figure 4: (a) User �nds a mask, and (b) equips it, which causes

our device to increase their feeling of perceived nasal air�ow.

However, as the virtual mask’s �lter deteriorates, the perceived
breathing becomes harder, which can be felt as “a lot more e�ort

to move air into my lungs” (direct quote from Study, by P4). As
shown in Figure 5, to render this sensation, our device progressively
increases the temperature during each inhalation (i.e., fading from
cold to hot). As the user �nds a new mask and equips it, our device
responds by cooling their inhalations and allowing the user to feel
like breathing “more air” (direct quote from Study, by P3).
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Figure 5: (a) As the mask’s �lter deteriorates, our device ren-

ders a di�culty in inhaling air. (b) With a replacement, our

device resets the perceived nasal air�ow sensation.

Finally, the user opens the door of the gas-�lled room and es-
capes. As they open the doors (Figure 6), our device pushes through
its maximum cooling e�ect to emphasize the transition from claus-
trophobic to the relief of “breathing in an open space” (direct quote
from Study, by P2).

Figure 6: (a) The user opens the �nal door, leading to an (b)

open space where they feel as if they breathe more easily.

5 IMPLEMENTATION

To help readers replicate our design, we provide technical details
and an open-source repository.1 Figure 7 shows our device worn
on the nose and around the user’s ear.

Circuit design.Our circuit, depicted in Figure 8, was engineered
around an ESP32C3 with Bluetooth Low Energy. To change the
nose’s temperature, we attached two 8mm × 8mm Peltiers (Custom
Thermoelectric, 00711-5L31-03CA-S) paired with thin 10 kΩ ther-
mistors (TME, B3950) for temperature monitoring. We also added a
10 kΩ thermistor and a small silicone tube (1mm ID, 2mm OD) in
one nostril to record the baseline temperature during inhalation,
providing a reference point for temperature adjustments. This sili-
cone tube connected to a di�erential air pressure sensor (Amphenol

All Sensors, 1 INCH-D1-4V-MINI) within an operating range of
−250 Pa to 250 Pa to monitor respiration. Finally, we concentrated
most of the components behind the ear (microcontroller, battery,
etc.). The in-nose components weighed only 7 g, while the com-
ponents positioned behind the ear weighed 26 g. This separation
balanced functionality with wearability.

Control loop. To regulate the temperature of the Peltiers, we
tuned a PID controller, which activates if the temperature is more
than 0.25 ◦C from the set point. The activation of the Peltiers is syn-
chronized with the user’s inhalation, capitalizing on the exhalation

1https://github.com/humancomputerintegration/augmented-breathing

Figure 7: (a) A user wearing our device around the ear and in

the nose, comprised of its (b) control unit and (c) nose clip.

Figure 8: High-level schematic of our device’s circuitry.

phase as a natural cooling period that allows the Peltiers to return
to the user’s baseline body temperature, thus conserving power
without the need for active cooling.

Inhalation detection. To achieve accurate inhalation detection,
our system includes a calibration process. Initially, users hold their
breath for two seconds to establish a baseline for the di�erential air
pressure (di�erence between the pressure measured in the nostril
and pressure measured in the room) while not breathing, represent-
ing the static noise level of air pressure. The device then records the
mean and standard deviation of this baseline pressure. An inhala-
tion is detected when the di�erential air pressure falls two standard
deviations below this mean. Likewise, an exhalation is identi�ed
when it rises two standard deviations above.

Latency. To assess system latency, speci�cally the delay between
the temperature peak induced by our device and the peak of inhala-
tion, we analyzed recorded data from all participants. This dataset
comprised 3247 breaths, each with temperature stimulation. We

https://github.com/humancomputerintegration/augmented-breathing
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found an average latency of 0.21 ± 0.67 s between the onset of the
temperature peak (when the Peltier reaches its extreme tempera-
ture) and the peak of inhalation (the point of maximum inhalation).
Considering that the average inhalation duration was 1.81 ± 0.49 s,
a latency of 0.21 s was reasonable for our interactive system. No-
tably, the temperature peak occurred within the inhalation phase
for 91.32% of the breaths, con�rming e�ective synchronization
with the breathing cycle.

Power consumption. Our prototype drew a maximum of 6W
during inhalation. Under a continuous change of perceived air�ow
only during inhalation, it lasted approximately 22min with a small
300mAh Li-Po battery. The device could operate longer with larger
batteries, but we noted that 22min of perceived air�ow change was
relatively long, considering participants in our studies detected a
change in perceived air�ow within their �rst inhalation with our
system active.
6 CONTRIBUTION, BENEFITS, &

LIMITATIONS

Our key contribution is a novel method to augment a user’s breath-
ing, creating the sensation of inhaling more or less air than normal.
Moreover, we contribute a device that can realize our approach,
which we validated in a user study.

Our approach has four key bene�ts: (1) our method is the �rst,
to the best of our knowledge, that can both decrease and increase
perceived air�ow (breathing); (2) our device can achieve these sen-
sations without the need for physical obstructions to the user’s
actual breathing. Unlike previous interactive devices (e.g., [46]) that
mechanically restrict the user’s breathing to create a feeling of
di�culty, our approach has a perceptual e�ect—as such, our device
has fewer associated risks than existing approaches that require
opening/closing the user’s airways; (3) our device can achieve these
sensations with small temperature changes as demonstrated in our
study, enabling our device to operate on a small battery; �nally, (4)
our approach is a conceptual and technical step toward “closing-
the-loop” for breathing as an interactive modality—while breath
as input is fairly popular, breath as an output modality is heavily
underexplored.

As the �rst exploration of this novel idea, it is not without lim-
itations, which reveal future research directions: (1) the limits of
our approach to breath augmentation are constrained by the Peltier
elements’ ability to rapidly achieve the desired temperature during
the user’s inhalation, namely its speed and power consumption; (2)
as with any perceptual illusion, individual physiological di�erences
could a�ect its e�cacy—our study validated its e�cacy with peo-
ple without nasal cavity abnormalities, yet it is not certain if this
extends to individuals that had nose surgery or other changes (e.g.,
nasal septum deviation); (3) our device occupies a portion of the
nostril openings, which slightly reduces the baseline nasal patency
while wearing the system; �nally, (4) while e�ective, our method
only augments nasal breathing, not mouth breathing.

7 USER STUDY: ALTERING PERCEIVED
AIRFLOW VIA INTRANASAL
TEMPERATURE

Our study sought to characterize the relationship between in-nose
thermal stimulation and perceived nasal air�ow. We designed a

psychophysical study with three tasks: (1) measuring the just-
noticeable di�erence (JND), when participants noticed a change in
perceived air�ow; (2) measuring the range of comfortable air�ow
sensations; and (3) understanding the sensations qualitatively.

We hypothesized that cooling/heating the nasal cavity in sync
with inhalation would produce a noticeable change in nasal air�ow.
This study was approved by our Institutional Review Board (24-
0416).

7.1 Apparatus

Participants wore our complete setup (including its Peltiers, air
pressure sensor, and temperature sensors) as a nose clip with the
control unit resting on a table. For maximum sensing and stim-
ulation quality, we added a second air pressure sensor and two
thermistors to the other nostril to control the Peltier temperatures
independently.

7.2 Calibration

We included an automated calibration at the start of the study to
calibrate the system for maximal inhalation sensitivity. This asked
participants to hold one breath to record average ambient pressure.
Then, we set the inhalation threshold to two standard deviations
below the average ambient pressure.

7.3 Procedure

We conducted our study in a lab environment with a consistent
temperature of 24.78 ± 0.12 ◦C and no measurable air�ow near par-
ticipants (measured with an anemometer). Participants wore noise-
canceling headphones with white noise. Our device was tested in its
two functionalities: cooling and heating, in sync with participants’
inhalation. The functionality order was counterbalanced.

7.3.1 Task 1: Measuring the Just Noticeable Di�erence. The �rst
task measured the Just-Noticeable Di�erence (JND) in perceived
nasal air�ow due to temperature changes. This task used a stan-
dard psychophysical staircase method. Participants were asked to
evaluate if a set of �ve breaths felt easier to breathe than another
set of �ve breaths (forced choice).

In one of the two sets of breaths participants compared per
trial, our device either cooled or heated their nasal septum in sync
with inhalation. In the other set of breaths, our device was o�.
Participants were unaware that two conditions existed—providing
a suitable baseline for the study. The set ordering was random. If a
participant’s answer was “yes”, the temperature was adjusted by
0.5 ◦C increments or decrements based on the tested functionality
(cooling or heating)—and the temperature adjustment was reversed
for the “no” answer. We selected 0.5 ◦C given that our PID can
maintain a target temperature within a 0.25 ◦C error margin.

The staircase concluded after reaching four reversals or com-
pleting 20 trials. The staircases began at a temperature o�set deter-
mined from a pilot study: 2 ◦C for heating and −5 ◦C for cooling.
Finally, after each trial, participants were also invited to voice any
sensations that were elicited.

7.3.2 Task 2: Range of Sensation characterization. In our second
task, we characterized the range of perceived nasal air�ow. Start-
ing with the JND determined from Task 1 as level 1, participants
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Figure 9: (a) The Just Noticeable Di�erence values (JNDs) for increased and decreased perceived nasal air�ow. (b) On average,

participants could distinguish approximately 6 di�erent levels of increased or decreased perceived nasal air�ow, but large

variance across participants. (c) Still, it typically took, on average, only 1 ◦C to produce a noticeable new level.

compared their ease of breathing between the current level and a
comparative level. If participants did not notice a di�erence between
the two levels, the second level was incremented by 0.5 ◦C (increas-
ing for heating, decreasing for cooling). If participants indicated
that they noticed a di�erence between levels, the comparative level
was then established as a new distinguishable level. The process
repeated for 20 trials or until the participant indicated discomfort
or pain. Finally, after each trial, participants were also invited to
voice any sensations that were elicited.

7.3.3 Task 3:�alitative exit interview. After completing both tasks,
participants engaged in a brief interview. They were asked to de-
scribe their experiences during the study and then to compare them
to any sensations encountered in real-world situations. Then, par-
ticipants could provide open feedback about the study experience.

7.4 Participants

We recruited ten participants with an average age of 26.5 years old
(SD = 2.72) from our local institution. Four participants identi�ed
as men, four as women, and two as non-binary. We did not recruit
participants with a deviated septum or a known history of nasal
surgery. At the start, participants were given the Nasal Obstruction
Symptom Evaluation (NOSE) 5-point Likert Scale [43]. With it,
we con�rmed that most participants did not have, during the last
month, nasal congestion (M = 0.8, SD = 0.79), blockages (M = 0.6, SD
= 0.84), trouble breathing (M = 0.4, SD = 0.52), trouble sleeping (M =
1.2, SD = 1.14), or di�culty breathing during exercise (M = 0.1, SD =
0.32). However, two participants disclosed having congestion at the
start of the study: P6 reported congestion, and P9 shared that they
sometimes experience light congestion. Both stated that they easily
perceive di�erences in their day-to-day ease of breathing (perceived
nasal air�ow and patency). Participants were compensated with
$10 USD for their time.

7.5 Quantitative Results: JND & Perceived levels

In this section, we present the quantitative �ndings from our study,
namely the JND and the number of perceived levels.

7.5.1 Task 1 Results: Just Noticeable Di�erence. We summarize our
results in Figure 9. We found that cooling the septum by an average
of −3.9 ± 1.4 ◦C led to a perceivable increase in perceived nasal

air�ow (Weber’s fraction of 12.11 %) while heating it by 1.5± 0.6 ◦C
caused a perceivable decrease (Weber’s fraction of 4.71 %).

7.5.2 Task 2 Results: Number of Perceived Airflow Levels. Partici-
pants identi�ed an average of 6 di�erent levels of air�ow change,
with an ability to discern approximately 7 ± 5 levels for increased
perceived nasal air�ow (cooling e�ect) and 6±4 levels for decreased
(heating). To perceive a new level of sensation, an average temper-
ature change of 1.0 ± 0.4 ◦C was necessary for increased perceived
nasal air�ow (cooling) and 1.4 ± 0.9 ◦C for decreased perceived
nasal air�ow (heating). The range of sensations explored by par-
ticipants ranged from −10.5 ± 3.9 ◦C to 10.6 ± 1.6 ◦C o�sets from
their baseline cavity temperature.

7.6 Qualitative Results: What does it feel like?

In this section, we present the qualitative �ndings from our study,
which come from two moments when participants commented: (1)
in Tasks 1 (JND) & 2 after any trial where they felt a di�erence, and
(2) during the exit interview.

Comments were transcribed and analyzed by one author. Each
comment was classi�ed as any combination of the following cate-
gories: tactile (skin sensations like tingling or pain), temperature,
and air�ow (any aspects of breathing like patency, air�ow, conges-
tion, di�culty or ease in breathing, etc.). Figure 10 depicts a concrete
example of how the participants’ comments were annotated.

Figure 10: Example response from P6 with annotations.

This qualitative data complements the understanding of our
perceptual illusion, providing descriptive insights into how these
changes were interpreted.

7.6.1 Does it feel like airflow or temperature? Our analysis revealed
that from the 389 descriptors from transcribed comments, an over-
whelming majority (89.2 %) pertained to air�ow, underscoring this
as the prominent aspect of the perceived experience (e.g., P4 say-
ing their nose felt “much more open”or P2’s “I could just breathe
easier because it was fresher air, versus being stu�y”—to illustrate
such comments). In contrast, temperature descriptors accounted for
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7.46 % of the comments. Notably, among these temperature-related
comments, approximately half (46.7%) were concurrently associ-
ated with air�ow (for example, P6 explaining, it’s like a “windy day
and [you] have a deep breath and you have the cold air rushing
into your nostrils”—to illustrate). Finally, only 3.34 % accounted for
comments classi�ed as tactile (e.g., P4’s “second set felt easier, but
the septum felt a little bit tingly this time”—to illustrate).

In other words, participants associated the sensations predomi-
nantly with changes in perceived air�ow and not temperature or
tactile sensations.

7.6.2 Unprompted analogies. Some participants already employed
(unprompted) analogies to describe changes in the sensation during
Tasks 1 & 2. These analogies not only re�ect real-world sensations
but speci�cally real-world breathing sensations, without any addi-
tional context, pointing to their strength.

For increased air�ow, all ten participants provided unprompted
analogies for this air�ow sensation. Five participants used analogies
relating to the openness of their nose (i.e., nasal patency), such as:
“breathing through both nostrils instead of just one” (P2); “clear pas-
sage of air through my nostrils” (P6); “decongestion” (P10); or lack
of resistance” (P5). Four participants used speci�c air�ow analogies:
“there was wind in my nose [...] it was coming through faster” (P9);
“more air entering my nostrils” (P6); “more air�ow” (P3); “like inhal-
ing more air” (P1). Four participants used air quality analogies such
as crisp (P2), clean (P4), fresh (P2, P5), and “good quality” (P8) air.
Three participants also likened the increased ease-of-breathing to
environmental conditions, such as: “sharp, like breathing in winter”
(P9)–though P9 speci�ed that they meant only the sharpness not
the cold aspect of winter air in their exit interview–or “windy day
and [you] have a deep breath and you have the cold air rushing
into your nostrils” (P7).

For decreased air�ow, seven of ten participants likened it to
congestion, clogging, restricted, or high-e�ort breathing with analo-
gies such as “breathing through narrow straws [...] or a “pinched
nose” (P4); “like something was blocking the air�ow” (P8); “like
[the] breathing equivalent of a weighted blanket” (P9); “scuba div-
ing type breathing” (P8); or even that they “could no longer breathe”
(P5). Four participants used air quality analogies: “like smoky [...]
breaths felt heavier coming–like the air got thicker” (P9); “felt very,
very heavy” (P8); and even like a “smoggy city” (P8). Three partici-
pants mentioned air resistance analogies: “[like] wearing a mask”
(P8); “a lot more e�ort to move the air into my lungs” (P4); and
“di�culty passing air” (P2).

7.6.3 Task 3 Results: Prompted analogies to real-world experiences.

In addition to the unprompted analogies that some participants
used to describe sensations in Tasks 1 & 2, during the exit interview,
participants were speci�cally prompted to provide real-world analo-
gies to their experiences. Again, these analogies not only re�ect
real-world sensations but speci�cally real-world breathing sensa-
tions, without any additional context, pointing to their strength.
These prompted analogies also provided further explanation for
how the sensations were described, as participants could provide
more information for disambiguation (e.g., P9 disclosing that breath-
ing winter air referred to its sharpness in breath and not the air’s
temperature). Of all prompted analogies, all focused primarily on
air�ow. We report the speci�c aspects of breathing altered below.

For increased air�ow, �ve of ten participants compared it to
moments in life where wind or good air impacted their breathing:
“feels like when I do outside and it’s windy: [...] like I am breathing
in more” (P7); “like stu� was more crisp. Like normal versus really
good air [...] the air just felt crisp – not cold” (P2); “like when
you’re in the wind” (P9); “less thick – the air passing through faster”
(P9); “felt like going from an airplane with bad air quality and
going outside to a city that has nicer air quality—like I can actually
breathe” (P8). Five participants likened the increased inhalation to
moments where they were decongested: “much more open” (P4);
“using stickers to open your nostrils, but this one is much stronger”
(P3); “like inhaling mint [...] when you have a cold. I de�nitely feel
I am breathing more air and fresher air” (P5), which P1 echoed as
“like if I were top open a window in a stu�y room, [...] the air I
was breathing was fresher”. P6, who had some congestion, reported
that “there [were] some instances where [my] congestion just went
away pretty immediately”. Three participants mentioned that the
device helped them breathe: “it felt like something was helping me
breathe” (P9); “best breathing I’ve experience in a while – calming”
(P2); and “really comfortable, like long breathing [...] it kind of
helped me calm down” (P5).

For decreased air�ow, participants likened the sensation to
moments with high-e�ort breathing: “running or scuba diving, it
feels like you are using your lungs more or takes more e�ort” (P8);
“harder to move the air in and out” (P4); “when you’re walking up
a good amount of stairs, now it’s a little harder to breathe” (P2); “as
if I was under a blanket” like a “stu�y room” (P1); “it just feels like
I cannot breathe in enough air” (P5); or, “it’s like being closed in
a hot room or smoke [...] I had to work a little harder to get [the
air] through” (P9). Four participants likened sensations to real-life
moments with nasal blockage: “felt even more congested” and “only
felt this when I am really sick” (P6); “when you get a cold, and you
try to sleep and you cannot fall asleep, because your nose is clogged”
or even “accidentally breathing in water [while swimming]” (P5);
“stu�y nose [or] pinching the nose” (P4). Finally, two participants
mentioned the decreased air�ow reminded them of their breathing
during asthma (P4) or anxiety attacks (P5).

8 DISCUSSION

While our study was chie�y aimed at quantitatively characteriz-
ing our method’s e�ect, it also captured a remarkably wide range
of expressive details from participants. This richness in feedback
underscores the depth of personal interaction with the breathing
experience and provides a holistic understanding of what the e�ect
feels like.

8.1 Device comfort

All participants reported becoming accustomed to the nose clip
within the �rst minute of use. Participants wore the most imple-
mented version of our device for our psychophysical study (sensors
for each nostril). Some of their feedback suggested that further
reducing the device’s weight would improve comfort. Based on
their input, we simpli�ed the standalone device by decreasing the
number of tubes and sensors to improve comfort.
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8.2 Perceived our e�ect as a change in breathing

Participants primarily framed their experiences in terms of changes
in breathing dynamics, such as air�ow, blockage, and ease of breath-
ing, rather than temperature sensation. This supports our hypoth-
esis that thermal feedback in the nasal cavity alters one’s percep-
tion of one’s own breathing. These changes were perceived as
if their breathing has changed (e.g., “feels like I cannot breathe
hard enough”) or that they are even being helped to breathe (P9).
Moreover, we remind readers that these descriptions and analogies
occurred without any additional context (e.g., no VR, no visuals,
no sound, nothing else). This perception, emerging consistently
across responses, validates the notion that thermal feedback can
be a powerful modulator of breathing sensation, and our quanti-
tative �ndings suggest that it only requires a small di�erence in
temperature to produce a noticeable change.

Their analogies also provided further explanation for how the
sensations were described, as participants could provide more infor-
mation (e.g., P9 disclosing that breathing winter air referred to its
sharpness in breath and not the air’s temperature). While there was
variation in analogies (i.e., describing changes in air�ow, patency,
or even e�ort), participants’ descriptions converged on changes in

breathing that were most akin to changes in perceived nasal air�ow.

8.3 Secondary e�ects of augmented breathing

The feedback from some participants, especially P1, P2, and P5, also
highlighted that the increase in perceived nasal air�ow also had a
calming or relaxing e�ect. Conversely, decreased perceived nasal
air�ow was reported to induce feelings of anxiety or asthma for
two participants. These �ndings suggest that augmented breathing
could also in�uence both physical states and emotional well-being.
This is not surprising given breathing’s well-established link to emo-
tion [1, 10, 16], such as controlled breathing enhancing relaxation
[4] and reducing pain [21].

8.4 Participant-suggested applications

While Task 3 was about analogies, two participants also voiced
applications for which they would be excited to use the system.
P5 felt that the increased perceived nasal air�ow “would be really
good to help me go to sleep. I imagine if my breath was like that
while I was sleeping, I would imagine I would have a better quality
of sleep”. P8 wanted to use the device to help alleviate the perceived
air resistance when wearing a mask is “blocking your air�ow, but
if you put this device to open it up–it’ll feel comfortable”—which
we implemented and described in the next section.

9 FURTHER APPLICATIONS

Alongside opportunities for augmented breathing to support fu-
ture VR experiences, like in ourWalkthrough, we highlight three
potential scenarios where one might �nd our technique to have
further applications. All these additional applications run on an
Android mobile phone and communicate to our device using BLE.
We implemented these applications in Java, using Processing and
Android Studio.

9.1 Relieving the perceived air resistance of
masks

The widespread adoption of face masks has been a crucial mea-
sure in curbing the transmission of respiratory illnesses, including
common colds or COVID-19. However, the success of masking in-
terventions signi�cantly hinges on user compliance. As Koh et al.
showed, mask discomfort is the primary source of noncompliance
in mask-wearing [24], with a strong correlation between increased
air resistance—making breathing feel more laborious [35]. Inspired
by P8’s suggestion that our system could help, we envisioned an
application in which our system relieves the perceived increased
air resistance. As seen in Figure 11, the user can switch our device’s
“mask mode” on to counteract the perceived decrease in air�ow.

Figure 11: (a) This user �nds it hard to breathe with a respi-

rator mask. (b) They use an app to switch on “mask mode”,

which increases their perceived nasal air�ow.

9.2 Meditation and relaxation

Most relaxation & meditation applications require users to actively
follow audiovisual guides to reach a speci�c breathing pattern to
achieve stress relief. Here, our approach provides a new output
channel for these kinds of applications—by directly in�uencing the
aspect that they are focusing on, i.e., their breathing.

This was inspired by comments from participants suggesting our
system helped them feel calmer or more relaxed. To this end, we
developed a meditation application that makes use of our device to
alter the user’s perceived air�ow in a rhythmic pattern. As depicted
in Figure 12, the meditation app increases the perceived air�ow of
every second breath, making it feel deeper and more pronounced.

Figure 12: (a) Paired with our meditation app, our device

makes every other breath feel deeper. (b) The user relaxes

and meditates while experiencing augmented breathing.
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9.3 Promoting nasal breathing when helpful

Our system may even o�er a novel approach to encourage nasal
breathing when helpful, e.g., during physical exercise, leveraging
its known bene�ts for breathing e�ciency [8]. Figure 13 envisions
this as the example of an application we implemented where our
device progressively cools down the user’s nose to promote nasal
breathing during exercise.

Figure 13: (a) A user does cardio while wearing our device. (b)

Normally, they inconsistently breathe through the nose and,

instead, breathe through the mouth, but (c) at times, our de-

vice encourages nasal breathing by increasing the perceived

air�ow when they inhale nasally.

9.4 Diving simulator

In addition to applications that increase perceived air�ow, we devel-
oped an application that leverages the utility of decreased perceived
air�ow. Inspired by feedback from participant P8, who likened the
sensation to the di�culty of breathing while diving, we created a
VR diving simulator where our device replicates the “di�culty to
breathe” via a scuba air tank and its mask (Figure 14). This simu-
lator allows users to safely acclimate to the sensation of di�cult
breathing before engaging in actual diving activities.

Figure 14: Our device replicates the “di�culty to breathe” via

a scuba air tank for a diving simulator.

10 CONCLUSIONS

We introduced a technique for altering the perception of breath-
ing through thermal feedback, using Peltiers to alter the user’s
sensation of nasal air�ow. Unlike existing systems that rely on
mechanical parts to restrict breathing, our perceptual approach
modulates air�ow perception and not the actual volume of air that
users are inhaling—making it safer than previous devices. Moreover,

it is the �rst approach that enables both decreased and increased
perceived air�ow.

Our study unveiled that our e�ect can be achieved with small
Peltiers and minimal temperature adjustments. This opens poten-
tial practical implications for our �ndings, providing a working
method to enrich interactive experiences like virtual reality and
apply augmented breathing to everyday contexts.

We envision our work as a foundation for future investigations
on how thermal feedback can be harnessed to augment breath per-
ception. Future research may explore altering not only the percep-
tion of our inhalation but also our exhalation, developing power-
saving strategies, exploring new actuators (e.g., �exible Peltiers
[25]), or even investigating its potential impact for therapeutic
purposes.
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