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ABSTRACT

Mindfulness-based stress reduction (MBSR) is an effective method of stress treatment and prevention. One of
the interactive systems aiming at supporting MBSR is HU. As a continuous work of HU, a device aiding
mindful breathing called HU II was developed and evaluated. The paper investigates the real-time interaction
between the user and the HU II including the performance of the deployed sensor as well as the representation
and mapping of chosen modalities. Ten participants with different backgrounds and knowledge levels of
mindfulness evaluated the device and gave their subjective opinions and feedback. The results indicate that the
employed sensor and modalities support real-time interaction for mindful breathing. Via these results, further
research possibilities and guidelines, which can help the design of future mindfulness-based solutions were
suggested.

SAMMANFATTNING

Mindfulnessbaserad stressreduktion (MBSR) är en effektiv metod för att behandla och förhindra stress. HU är
ett av flertal interaktiva system som ämnar att stödja MBSR. HU II är en apparat som hjälper medveten andning
utvecklades och utvärderades som en fortsättning på HU. Detta arbete undersökte interaktionen mellan HU II
och användaren i realtid, prestandan hos den användna sensorn samt representationen och kartläggningen av de
valda modaliteterna. Tio deltagare med olika bakgrunder och kunskapsnivåer angående mindfulness utvärderade
apparaten och gav deras subjektiva åsikter och feedback. Resultaten indikerar att den valda sensorn samt
modaliteterna stödjer interaktion i realtid för medveten andning. Via dessa resultat föreslås framtida
forskningsmöjligheter och riktlinjer som kan stödja designen av framtida mindfulness-baserade lösningar.
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ABSTRACT
Mindfulness-based stress reduction (MBSR) is an effective
method of stress treatment and prevention. One of the interactive systems aiming at supporting MBSR is HU. As a
continuous work of HU, a device aiding mindful breathing
called HU II was developed and evaluated. The paper investigates the real-time interaction between the user and the
HU II including the performance of the deployed sensor as
well as the representation and mapping of chosen modalities.
Ten participants with different backgrounds and knowledge
levels of mindfulness evaluated the device and gave their
subjective opinions and feedback. The results indicate that
the employed sensor and modalities support real-time interaction for mindful breathing. Via these results, further
research possibilities and guidelines, which can help the design of future mindfulness-based solutions were suggested.

Figure 1: HU: a case study of mindful breathing for stress
reduction [35].
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can be used for sustaining attention to breathe and increase
the awareness of users’ breath. For instance, The Soma Mat
and Breathing Light [27] demonstrated a somaesthetic approach to mindful breathing utilising light and heat as output.
Sonic Cradle [30] was designed to foster calmness and awareness by generating a soundscape based on breath pattern. In
the mixed reality sandbox Inner Garden [13], which aims to
promote self-reflection, breathing is directly mapped to the
sea level.
Another interactive system which aims at supporting
mindfulness-based stress reduction is a physical device named
HU, which stands for "exhale" in Chinese [35]. HU uses a
biosensor to measure the user’s heart rate, and then exploit
the heart rate data for breathing rate estimation. It guides
resonant frequency breathing by utilising vapour, light and
sound as output modalities. The device was evaluated with 30
participants in the lab and home settings. The results showed
that such multimodal physical devices could be used to enhance stress reduction [35]. However, instead of gathering
respiration data, HU estimates respiration rate by running algorithms to process heart rate, which means it only provided
respiration representation in an indirect manner. Hence, HU
does not support a direct interaction [35]. How would the

INTRODUCTION

With the fast growth of social development, stress caused
by work and information overload is affecting a growing
number of people [4]. Thus, increasing effort has been made
to develop supporting strategies for both treatments and prevention. One of the effective stress treatments is Mindfulnessbased stress reduction (MBSR). The MBSR program was
founded by Kabat-Zinn, who introduced mindfulness to the
western scientific community. He described mindfulness as
the awareness cultivated by paying attention on purpose,
through being present and non-judgemental to the unfolding
of experience moment by moment [14].
Mindfulness-Based Stress Reduction (MBSR) has been
proven effective for reducing stress and anxiety [3, 15, 19].
In MBSR, focused attention on breathing is a widely used
practice that fosters meditators’ awareness of the present
moment, by helping them in sustaining their attention [16–
18].
The interest of mindfulness and MBSR in Human Computer Interaction (HCI) has been growing in recent years
[26, 29]. Providing bio-feedback based on digital technologies
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device be received when HU provides direct real-time interaction? Would the system still support mindful breathing
when the output modalities are closely related to and affected
by breathing rate?
As a continuous work, this study is focusing on designing
a new physical device HU II to improve HU. By utilising
different biodata (i.e. respiration data), HU II provides direct, real-time visual and auditory biofeedback. The research
question of this work is: how can we design an interaction
to support mindful breathing? The research question encompasses two aspects: the performance of respiration monitoring technology in supporting mindful breathing; and the
users’ perception of the respiration representations in such
an interaction. Thus, the main objectives of this study include: (1) designing and prototyping an improved device HU
II for HU by using a different breath monitoring method,
(2) evaluating the functionality of this device by exploring
different combination of respiration representations with
user study.
The rest of the paper is structured as follows: Firstly, previous respiratory monitoring technologies and related projects
that support mindful breathing are presented. Secondly, the
design and technical implementation of the HU II is explained. Thirdly, the user study and its results are presented.
Finally, our conclusion and further possibilities are discussed.
2

Figure 2: The typical settings of non-contact methods

mostly rely on sensors attached to the airways [8]. The quality of data collected via airflow detecting methods are highly
related to the sensor installation and collecting devices. In the
methods which detect temperature using thermistors, there’s
a high incidence of displacement which may lead to poor
data quality [28]. Although pressure transducers and CO2
sensors are considered more accurate [1], their performance
can be affected by the data collecting device [9].
Other parameters for monitoring breath pattern including
respiratory sounds, which can be measured by using a microphone detecting the sound variation [1]. The microphone
should be placed close to the respiratory airways, including
nasal passage and mouth, or over the throat [1, 6, 22, 32].
Usually, the microphone is embedded in a hardware (e.g.
headset), which might be uncomfortable to wear and thus
distract the user [22].
Some contact-based sensing methods are considered intrusive and to some extent affects the user experience. Such
methods are implemented with masks on the user’s face and
sensors in the user’s nostrils [1]. Furthermore, the performance of most sensors could be affected by design changes
in the collecting device [9]. Therefore, there is a trend towards non-contact respiration monitoring technology and a
non-invasive experience [1].

RELATED RESEARCH

Respiration Monitoring
Generally, different approaches of respiration monitoring
can be categorised as contact-based or non-contact. Contactbased methods employ sensing devices which are attached
to the subjects’ bodies, while non-contact methods are accomplished by instruments that do not require any contact
with the subjects [1].
Contact-based Technology. Three variables are usually measured in contact-based respiration monitoring methods: respiratory related torso movements, airflow and sounds [1].
A large number of sensor-based projects are built upon
strap-like breath sensors, including existing commercial products [11, 23, 25, 30] as well as prototypes assembled by researchers [2, 13, 20, 33]. These methods could indicate different phases of respiration by measuring the thoracic and
abdominal expansion and contraction [1, 31].
Methods detecting torso movement are regarded as noninvasive methods [1]. Most of them deploy belts with various embedded sensors. Yet there are solutions using regular
clothes, in which the sensors take the form of a clipping tag
attached on clothes [21].
Certain respiration monitoring methods directly detect the
airflow by sensing either the temperature, humidity, or CO2
content which indicate breathing rates [1]. These methods

Non-contact Technology. Some monitoring methods do not
require sensors to be in contact with the user’s body. Some
of them use sensors that detect the chest’s movements from
a distance, for example, radar-based breathing monitoring
using the Doppler phenomenon [10]. Additionally, infrared
imaging, thermal imaging, and optical imaging have also
been deployed to monitor respiration remotely with the aid
of advanced computing [1].
But non-contact methods always expect the subject to remain still for accurate measurement either by sitting or lying.
Therefore, most non-contact methods are used to monitor
respiration rate during sleep [1].
2

Respiration Representation

Interaction Pattern

Several modalities have been applied to showcase respiration pattern and status. They can be categorised as visual,
auditory and tactile biofeedback.

The interaction patterns in previously mentioned projects
can be roughly marked as in guidance, mirror and personalised modes. In guidance mode, subjects follow the signals
given by the application, which means that the application
acts as the coach or tutor to provide instruction [5, 13, 27, 30].
Mirror mode refers to the applications or devices simply representing subjects’ respiration, which mirror their breathing [20, 23]. Applications in personalised mode give respiration guidance based on the user’s real-time biodata. In other
words, they adapt their instruction according to the user’s
breath pattern [33, 34].

Visual. Visual is one of the modalities which could be used
for presenting respiration data. And visual user interfaces are
not only presenting raw data via diagrams. One of the typical
presentations is the animation of visual objects. The visual
objects might either move back and forth or change shapes
according to breath pattern, such as a balloon inflating during
inhalation [23], a circle growing and shrinking [33], and an
object moving up and down with inhalation and exhalation
[20].
Visual interface can be delicate with luxurious details
when applying Augmented Reality. In the project Inner Garden [13], the subject’s electroencephalogram (EEG) signal
and breathing data are presented in an augmented sandbox,
which displays a tiny vivid world consisting of land and
ocean. The motion of waves is mapped to breathe while
the speed of day and night cycle is controlled by breathing
variability.
Another proposed visual output is the lighting effect. It
can be received with closed eyes, which indicates that it
can provide guidance when the user practices mindfulness
with closing eyes. The Breathing Light provides a changing
ambient light that can follow the rhythm of user’s breathing
[12].
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METHOD

Design and Implementation
Research through Design (RtD) method [36] was applied
during the whole design process. By exploring solutions for
both breath monitoring and representation, we gained new
knowledge which was used to support our development process. The design process consists of three parts: Firstly, the
possible usage scenarios of the device was defined. Secondly,
the most suitable method to collect and process biodata was
investigated. In the last step, the interaction design was out
main focus.
Defining the User Scenario. The first step of the design process aimed to define the project scope, envision the user
scenario by taking the contextual environment, functions of
the device, and the possible interaction into consideration.
The scenario is that the user uses the device while doing
breathing practice, with the reason that one of the aims of
the device is to support mindful breathing. When practising
mindful breathing, the most used posture is sitting on the
chair or on the floor, e.g. the full lotus posture (Figure 3).
Therefore, the following contextual environmental setting
where the device would be used were generated: the user
would use it alone at home, sitting on a chair or sitting crosslegged on the floor, with the device in front of him. This
envisioned setting helped to define the interaction between
the user and the device, and prompt requirements as well as
restrictions of the system.

Auditory. Researchers have previously mapped sounds to
breathing by either using specific sounds to represent inhalation and exhalation, e.g. water coming back and forth [33],
or by applying an algorithm that generates sounds based
on the subject’s breathing patterns [5, 11, 30]. Additionally,
the auditory output can also work as a mentor who guides
subjects practising mindfulness [25].
Tactile. Physical interaction provides a novel yet subtle user
experience. The Soma Mat utilises heat feedback to aid meditation practice, which fosters somatic awareness at the same
time [27]. Both Breathing with Touch [34] and Breath with
Me [2] demonstrates a haptic interface with an inflatable air
bag, which simulates the lung’s movement in respiration.
The interaction patterns in previously mentioned projects
can be roughly marked as in guidance, mirror and personalised modes. In guidance mode, subjects follow the signals
given by the application, which means that the application
acts as the coach or tutor to provide instruction. Mirror mode
refers to the applications or devices simply representing subjects’ respiration, which mirror their breathing. Applications
in personalised mode give respiration guidance based on
the user’s real-time biodata. In other words, they adapt their
instruction according to the user’s breath pattern.

Designing Respiration Monitoring. A sensor based belt was
chosen to be the respiration monitor solution due to the
following reasons.
Posture. Most non-contact based methods are sensitive to
the subjects’ motions. Hence, such methods require subjects
to keep still in their designated position, for example, sitting
in front of the sensor or laying below the sensor [1, 12, 27].
Furthermore, such detection methods usually place the sensors in front of the subject’s chest or torso, which would not
3

Figure 4: The sensor is embedded in the belt.
Figure 3: Envisioned postures

be fulfilled according to the envisioned scenario. Thus the
contact-based methods are more suitable.
Comfort. Among the contact-based methods, there are
different methods that monitor respiration by detecting body
movements, airflow and breathing sounds. Additionally, there
are different types of sensors that need to be attached around
the chest or abdomen, in nasal, close to nostril or mouth (usually with a mask or headset), and near throat or nose respectively. According to previous work regarding the implementation and performance of different methods and sensors,
detecting body movements seemed to be an easily applied
method with good performance [2, 7, 20, 24]. It appeared to
be the most reliable method since it has been used in several
HCI projects.
For detecting body movements, several sensors could be
employed on sensing belt: stretch sensors [20], piezoelectric
sensors [1], a light sensor with a light emitter [2], and accelerometer [7, 24]. After implementing and testing several
sensors, the stretch sensor became the final choice because
of its convenient installation and clean data with less noise.
The final version of the self-developed sensing belt consists of a stretch sensor (elastic stretch gauge), a denim strap
and some clips for length adjustment (Figure 4). The stretch
sensor is a conductive rubber cord whose resistance is increased by stretching: when it is being pulled the resistance
increases, and when it shrinks back without additional force
the resistance reduces.
By connecting the sensing belt into the circuit with a
controller, the voltage value on the sensor could be detected,
which would change according to the resistance of the stretch
sensor. When the user inhales, the stretch sensor is pulled and
its resistance increases, which results in the rise of voltage
value. When the user exhales, the voltage value decreases
accordingly. Hence, different phases of respiration could be
recognised by judging the trend of voltage value change
(Figure 5).

Figure 5: One of the visualisation of respiration: light blue
refers to inhalation, dark blue refers to exhalation and purple refers to retaining.

Figure 6: The sensing belt is worn around the chest.

After testing the sensing belt around the chest and abdomen respectively, it turned out that the belt worked best
when worn around the chest (Figure 6).
Designing Respiration Representation. The whole system of
HU II is embedded in a humidifier. The output modalities
used are vapour, mono-colour light and sound.
Vapour and lights are both visual outputs. Given that
colours are usually connected to different emotion and thus
convey various information, white was chosen to be the LED
light colour to avoid any possible influence on subjects. Several mapping methods were designed and tested in the user
study (Figure 7).
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Sound mapping is simple: with having a gentle water flowing sound as ambient sound, two different wave sounds were
played in turns to represent inhalation and exhalation respectively.
The HU device uses a biosensor to collect heart rate data,
which requires further analysis to calculate correspondence
breathing patterns [35]. HU II deploys the breathing sensor to provide breath data which allows direct presentation
and real-time interaction. Both HU and HU II devices offer
a multi-sensory experience with vapour, light and sound.
However, the respiration monitoring and representations are
different in these two device.

mode; 3) possible daily usage of the device and the context;
4) possible social usage of the device, either in a shared office or with relatives or friends, etc.; 5) the experience of
wearing the sensor, did it affect breathing movements or the
meditation procedure.
Data Collection and Analysis. The whole user study was audio and video recorded. The records were transcribed and
coded. During coding, quotes were marked with labels, which
included vapour, light, sound, interaction, experience, and
scenario. Based on that, common themes, including user
scenarios, interaction patterns, etc. were identified and concluded.

User Study
Participants. Ten participants took part in the user study, of
which four were males, and six were females. The participants aged between 28 and 45 (mean 36.6). The participants
represented diverse occupations including researchers, students, physicians, office workers, and mindfulness coaches.
Three of the participants lacked experience in breath practice, two were beginners and did not practice regularly, the
final five participants were experienced in mindfulness.
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RESULTS

All subjects were fond of the vapour as a representation of
respiration. For light and sound output, both of them had six
subjects’ affection (Figure 9).
User Scenarios
When asked about when and where they would use such devices, the participants gave various replies ranging from the
indoor environment to outdoor nature settings, from looking
and focusing on it to set it aside as an ambient display during
working. "I could imagine using it at work, to be honest. Like,
during the day, sometimes when it just gets too much. Maybe
if I had it, then I would like to take 5 minutes or something,
sit in my office and just relax, and that would be really cool,
actually, to do that." – P9. "I can envision that I am working
in front of a computer and having it there. That’s quite nice." –
P10.
Before the interview, two possible further designs were
introduced to participants. One possibility was a small and
portable device that user could hold it in hands. One participant mentioned that this holding action might invite him to
put more attention on the device. "This holding is so powerful.
It’s like holding the lives because breathing is vital to life." –
P1.
The small scale of the portable device also encouraged
some participants to consider taking it outside. "I like that
it’s small that you could hold it in your hands. Maybe it’s
my friend that helps me to breathe. And I can even take it to
somewhere." – P3. "It’s also very convenient that you can bring
it. It’s so versatile because you can use it in different ceremonies.
There’s a lot of possibilities, for rituals, connected to breathing,
to the ambience, to the natural elements, also to communion,
the sense of sharing with the community." – P1.
Some participants mentioned that they envisioned using
the device with families, or even putting up the device in a
public room so everybody can start following it.

Procedure. As shown in Figure 7, the user study consisted of
eight parts which took about 50 minutes in total. The participants read and signed the consent form before starting the
study. The guidance mode and the mirror mode were tested
separately. The guidance mode was tested first, allowing the
participant to get familiar with the device. It’s conducted
without the sensor and focus on investigating the mapping of
output modalities. Afterwards, participants tried the mirror
mode with sensor applied. The testing of the mirror mode
mainly aimed to examine the performance of respiration
monitoring technology.
1. Testing guidance mode (Part 1-4 in Figure 7): the participants were asked to try the prototype and answer questions.
There were three short tests with different output mappings.
A short structured interview regarding interaction experience was conducted afterwards.
2. Testing mirror mode (Part 5-6 in Figure 7): the participants wore the breathing sensor for data collecting in this
session. They tried the prototype in mirror mode with vapour
and light output.
3. Interview (Part 7-8 in Figure 7): this section included
a short presentation of two possible further designs and
a semi-structured interview. The possible further designs
were focused on the appearance of the device. One design
was large and stationary while another one was small and
portable. The interview questions were centred around about
5 areas: 1) the experience of the three respiration representations including vapour, light, and sound; 2) the experience
of the two interaction methods, mirror mode and guidance
5

Figure 7: User study procedure

One of our participants, who is a mindfulness coach, talked
about his experience of teaching breathing method and envisioned that the mirror mode could help him illustrating his
breathing while coaching students: "So first you are the one
who is breathing with it, and when everybody is following the
machine, they are actually following your breathing. It helps to
train, for example, to explain a different pattern of breathing.
Because usually, it’s not easy to see. This could be a really easy

way to show because people can see the vapour. Yeah, it could
be used for teaching breathing techniques." – P1
It was also put forward that this device could be placed in
a public room and affects people imperceptibly: "I would like
to try it in a waiting room, where the patients sit. It could be
nice just to have it light up, the vapour coming out with some
soft music. Since when there is some music, people will walk
with the rhythm, maybe this one will have the same effect.
6

I feel weird. For me, as a person, I would feel like it was constraining me which is interact opposite of what I want to do."
During the testing, she also mentioned: "This belt is very
uncomfortable for me. I have to keep it there, so I don’t want
to breath out completely because I’m scared of it going to fall
down. And then when I’m breathing out, I control my breathing
and now it’s extended that I’m ’okay, now I keep it there’. This
belt to me is really hard to work with. I can’t breathe with it.
I feel like it stops me from breathing in a natural way." Not
only the placement of the sensing belt made her indisposed
to put it on, but she also felt the belt distracting her from
breathing normally.
Respiration Representation
Vapour. When trying the guidance mode with only vapour
signals, all participants liked the vapour, and some of them
commented that the vapour was suitable for representing
breathing. "I think the most powerful thing is the vapour itself. The vapour is very powerful, inspiring you the feeling of
breathing in and breathing out. Usually, we are not able to see
the air breathing in and breathing out. But when we see the
vapour, it’s so powerful." – P1.
Moreover, some participants pointed out that the vapour
helped them to focus on the respiration and increase body
awareness. "Vapour was simple. It was intuitive, and it allowed
me to focus only on my breathing. I can focus a lot more on
my body than I usually would. And I’m thinking mostly about
only just my feeling." – P5. "The steam helps me to calm down
and not to think on other things." – P8.
Furthermore, the vapour did not only provide visual output. It brought a unique experience with its moisture as well.
"I sense the humidity somehow from the vapour. So it was a
very nice feeling, this feeling of humidity there." – P1.
The smell of vapour was also mentioned by one of the
participants, suggesting that she would like to have fragrance
in the vapour. "In this steam, is there any aroma or something
like that? I want to put some aroma, that would be perfect." –
P8.
When participants tried the device for the first time, they
were asked to follow the vapour in the way they feel comfortable. Five participants inhaled with the vapour coming
out while other five participants choose to exhale. There
was no significant gender or experience difference in this
preference.
Some participants stated there were several reasons for
them to exhale when the vapour came out. "I’m not afraid
of the vapour coming out, but it feels wrong for me to inhale
the vapour coming out of something. That’s like a mental
threshold until I know that this is just water and it feels quite
nice. Otherwise, I don’t want to intake. The vapour coming out
does not invite me to breathe in, it invites me to shut my mouth
and breath stops." – P4. "I don’t actually want to breathe that

Figure 8: Guidance mode and mirror mode during the test.

Figure 9: Result overview

If you switch it on, everybody will breathe with this device
without thinking about anything." – P3
In summary, participants proposed various scenarios, from
isolated to social settings and from indoor environment to
public settings.
Respiration Monitoring
During the testing of mirror mode, the device performed
respiration representations according to the user’s breathing
by detecting their respiratory movements.
However, there were some embarrassment caused by the
sensor. Two female participants expressed their displeasure
about the sensing belt. When Participant 9 adjusted the belt,
she said: "It is a very private place to put it. Should I do that?
7

thought it would be great to have sound before they tried the
guidance mode with sound. However, some of them had an
opposite opinion afterwards. For example, P1 suggested that
water sound might be a good match: "All the water moving
sounds could be very appropriate because the vapour is related
to the water." However, after he tried the guidance mode
with the wave sounds, he changed his mind because the
sound was a distraction to him: "I prefer without the sound.
Because if I focus on the waves, somehow it distracts me from
the breathing. The waves are much with the rhythm. This is
a very subjective experience of course, from my side. But the
vapour and the waves inspires me the breathing pattern. So
it’s quite experimental. I thought it could match, but I think
the feeling I had is: okay, if the sound is in the background, it’s
fine, but nothing related to the vapour."

in, so I don’t feel like I relax in this way. If there’s maybe some
kinds of scent, I might like to have the vapour. But not when it’s
just sort of steam of water. And this is cold. Yeah, it might be
nice if it was like body temperature as well." – P9. According to
them, they tried to avoid breathing in the vapour through the
nose. But one participant indicated that she might consider
the inhaling the vapour if it had scent.
Light. According to six participants, the light effect worked
well to indicate breathing movements. Some participants also
mentioned that the light helped to establish a pleasant and
relaxing environment. "I think the light is nice because it builds
as I breathe. When I breathe in, the light grows. Then I can feel
that my lung is filling up, so it’s like a visual representation for
me. With my preconceptions, it means to breathe and relax."
– P9. "It (the light goes up and dims down) is quite appealing
and attractive I think. Changing the light with the vapour, it
gives a very special sense. It’s not a very powerful light, but
it’s very warm." – P1.
Meanwhile, some participants stated that a changing light
might be stressful for them. Thus, they would like to keep
the light at a consistent lightness. "If I could use it in the way I
want, I would keep the light constant, just like a lamp, because
it could create some stress for me, to have it changing light
itself. So I would like to have the option to have constant light."
– P3.
In this study, the LED provided a warm white light with
changing brightness. A few participants suggested that they
might prefer it having the transition in colour with a constant
luminance. "I want to be in concentration when I breathe out.
I should be invited to breathe in. I mean, it doesn’t need to
breathe, to fade to lower lightness. It could fade to a different
nuance. I should have a stronger direct telling me to breathe
in. So maybe it goes from white, then when you breathe out it
may be bluish." – P4.

Mapping. During the user study, different mappings of the
vapour was tested. One mapping was that the vapour only
referred to either inhalation or exhalation. Another mapping
was that the vapour indicated both of them. It turned out
that most participants preferred the vapour only referring
to either inhalation or exhalation. When the steam meant
two different actions, the participants might get confused
and thus found it hard to follow. "I have to focus more to be
able to do this. The vapour means different things, depending
on the order. Otherwise, you lose track of it. So I lost track of
myself a couple of times in this session. I have to focus to do
the right way. I prefer the first mapping where the vapour is
only mapped to one thing." – P5.
After experiencing multi-sensory feedback with two or
three different output modalities simultaneously, two participants suggested that these outputs should be coherent.
"It (light) could be useful. But then you have to match it with
the vapour. It could also be confusing to the brain to use two
different elements to say breathing in and breathing out." – P1.
"I don’t think it’s the fact that it has to be only one modality,
I think it can be all of them if they are mapped in intuitive
ways." – P5.

Sound. The sound received both positive and negative comments. One participant mentioned that sound brought him
to a relaxing environment. Another participant stated that
the sound supported deep breathing. "The sound helps a lot.
I really like it. And it also gets you to a nice place, to the sea.
It’s fantastic." – P3. "The sound is nice. The sound makes me
breathe a bit stronger. It made me breathe deeper, for some
reason, deeper and stronger, actually." – P7.
Meanwhile, sound distracted some other participants. According to their statements, they focused more on the sound
instead of their respiration. One participant pointed out that
she did not want to hear any sound during mindfulness exercises. "The sound distracts me because I’ve been in the phase
that I breathe to relax. And during relaxing, I don’t want to
hear anything." – P8.
There was an interesting phenomenon during the testing
of sound output. Some participants mentioned that they

Interaction Patterns. While trying the mirror mode, some
participants regarded it as an enjoyable experience. "It was
really nice to have the feeling that you are breathing and the
device was breathing with you, that was really nice to feel that
it was responding to your breathing pattern. That could be
really powerful when you breathe, and the device mirrors your
breathing pattern, then you can use it as an element to breath
altogether." – P1. "While breathing myself, it was really nice
to see my own breath and make me reflect on it so that I can
control it. It makes it easier to figure them out." – P10. They
also suggested that such real-time feedback supported their
self-reflection.
8
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the light would go up. And when I breath out the light would
dim. So it synchronises with my energy. I also feel like when
the device is breathing out, I should breathe out." – P6.
All of these implies that users build their conceptual model
based on their perception, which affects their understanding
of mapping. It also implies that any signals on the product
and the introduction during the test might be a crucial clue
to the user. As the P1 mentioned, he imagined himself taking
the energy from the device and then giving it back. What
if designers tell users a story from the first? Different users
might take the idea and build their conceptual models on
it, which could result in an identical behaviour. Designers
might manipulate storytelling to avoid potential ambiguity.

DISCUSSION

Interpretation of results
In this section, the results from the study are discussed. It is
based on participants’ accounts during user study.
Regarding the performance of the breath sensor for supporting real-time interaction for mindful breathing, the stretch
sensor is feasible in such a context, yet it needs improvements in accuracy. According to the observation during user
study, there might be a gender issue when applying such
monitoring technology.
The second research question was about the performance
of visual and aural output when representing respiration.
Generally, vapour seems to be suitable for carrying respiration information. Meanwhile, both light and sound had six
approvers.
As the most popular respiration representation among
participants, vapour provides intuitive and aesthetic visual
signals. However, it can carry much more information beyond visual signals, which encourages further exploration.
As stated by some participants, they could sense the humidity and temperature of the vapour. This tactile experience
makes it possible for the user to use the device with closing
eyes. By feeling the change in moisture and heat, the user
can tell whether the vapour is going out or not.
The third goal of the study is to know more about how
user envisioned such technology to support their mindful
practice. Most participants approved of the positive effect on
their practise of mindful breathing. They also illustrate many
situations where such technology could help, for example,
reducing stress while working, assisting tutor in group training, calming patients in the waiting room. It indicates that
such device might help creating social sustainable places that
promote wellbeing by supporting mindfulness practice.

The multisensory output should avoid information overload.
As mentioned in results, some participants pointed out that
the multi-sensory feedback should be coordinated to avoid
potential ambiguity. Some also said that load of information
might lead to cognitive problems when users have to deal
with many different signals. "I think, to focus on retaining,
understand that when should I retain when should I breathe
in, and have the light, and have the sound, and you have
the vapour, I try to understand and do it in right way, and it
becomes just, like, too complicated. What I think is like, for
me the most natural thing will be to breathe in when I see
vapour and light and then I breath out, but if I have to focus on,
like, retaining something and figuring out what light means
and, like, if it’s no vapour, it’s vapour ... yeah, it’s like too
overwhelming. Then it becomes more a cognitive practice, than
a mindfulness exercise." – P5. "The patients are very sensitive
to inputs, both from lights and from the sound. It shouldn’t be
a lot of things happening, they have difficulty handling these
too many things." – P3.
It indicates that designers need to be careful when designing multisensory feedbacks when the goal is not to design
a challenge or mental training program. Since the aim is to
help the user to reach their mental peace, designers should
avert information overload.

Storytelling. During the interview, it was noticed that a few
participants tended to make a story to help them better understand and get used to the mapping. Even though the
perceived output signals were the same, they might still
have different interpretations due to the different stories
they made. For example, when talking about the mapping of
the light, they gave different stories, one was taking device
and subject as a system, others regarded the prototype as a
direct presentation of subject’s status. "When I breathe in, my
energy will arise so that I would have more light, so it means
that the device will have less, so I’m taking the light from the
device. When I breathe out, I exhale, and then the light fades
out, and it’s giving back the light to the device." – P1. "I think
the intuitive feeling is that when there’s no energy, there’s no
light, and there’s no vapour; when there’s energy, so you’re
moving and breathing, lights up and there’s vapour, and then
it disappears." – P5. "I think I would prefer the light going up
when I breathe in. Because I wake up when I breathe in so that

Further Research Possibilities and Suggestions
Personalised Interaction. In this project, the personalised interaction, which gives adapted guidance based on real-time
data was not implemented. One participant suggested that
he would like to have such a function. "It can mirror my
breathing, right? However, it could also mirror but add on to it,
for example, try to alter my breath while I’m doing it, trying
to prolong it or ..." – P10.
Since some participants stated that mirror mode helped
them to foster their awareness, can the device bring more
benefits by imperceptibly guiding them to calm breathing?
Besides, if the device is used in an office, as mentioned by
9

some participants, personalised guidance might be less distracting than simple real-time feedback [20].

I breathe in and out really slowly then the flow loops really
slowly somehow." – P7.
Overall, there are still many aspects that can be explored
about the usage of the vapour.

Sensing Belt Redesign and Personalised Calibration. As mentioned in results, there were some complaints about the sensing belt from two female participants. Those comments imply
the potential ethical issue of the sensing belt. They also indicate the need of redesigning the gadget to provide a better
experience.
Moreover, personalised calibration of the sensor might
improve its performance. One of the causes of wrong interpretations was that the strip sensor did not suit everyone
well. Most people had their preferred way of breathing, some
preferred to keep an abdominal breathing, on which occasion the sensor would work better when placing around the
abdomen. While people have different breathing patterns,
, a calibration and adjustment session before testing might
improve the monitoring result.
Not only the sensor needs calibration, the program should
be adapted according to circumstance as well. In the study,
the pre-set breathing pattern of guidance mode was about 6
seconds for both breathing in and breathing out. Some participants informed that although they understood the mapping,
they still couldn’t follow and synchronise their breath with
the device because the interval was far too different from
their regular breathing pattern. "I didn’t try to follow because
first time when I try it was too long, so it was difficult for me
to follow. I feel it was too long to get into the rhythm, to get
into the same pattern." – P2. "The inhalations are too long, and
the exhalations are too short. So it’s hard for me. I can do it but
it’s hard." – P3. "It’s a little bit too fast for me. I’m trying to
breathe slowly so it’s like, by the time I breathe out it’s already
stopped, and then I don’t have time to breathe in. So I lose the
rhythm, and I’m a little bit like: ’What’s going on.’" – P9. Thus,
an adapted guidance based on their initial breathing patterns
might help to improve the user experience.

More or Less Information in Light. While some participants
preferred the light to be constant instead of carrying guidance information, one participant suggested to change the
hue of the light colour instead of changing the brightness to
guide the user’s breath. "I want to be in concentration when I
breathe out, I should be invited to breathe in. I mean, it doesn’t
need to breathe, to fade to lower lightness, it could fade to a
different nuance. I should have a stronger direct telling me to
breathe in. So maybe it goes from white, and when you breathe
out it may be bluish." – P4.
Environmental Setting. Nine participants stated that they
would use the device in their daily life and some would
even bring it to the office and put it besides the screen. Thus
in further studies, the user study could be conducted in an
office setting where the device acts as an ambient display or
at home that it’s under an everyday usage.
No matter where the future study takes place, the ambient
light is something that should be under control. It was a
problem that most of the time there was a strong ambient
light during the user test. The sunlight came from the left
side of the subjects. Even though the curtains were drawn,
they did not help much to shield the light. While the lighting
effect was not obvious in such a bright environment, several
participants mentioned that they could barely see the light
dimming up and down. One participant complained about
the vague signals. "I didn’t see the light very clearly, so that
kind of distracted me." – P5.
Thus, in future user studies, the lightness of environment
should be controllable, for example, by using a thick dark
curtain or hold the user testing in a dark room with adjustable
lighting system.

Explore Possibilities of Vapour. The vapour does not only provide visual cues. During the study, two participants addressed
that the temperature of the vapour made them feel cool or
even cold. Moreover, the vapour is something that people
can possibly breathe in and smell, adding the fragrance to
the vapour was suggested by one of the participants. "In this
steam, is there any aroma or something like that? I want to
put some aroma, that would be perfect." – P8.
Regarding the vapour mapping, one participant suggested
that instead of directly mapping vapour to inhalation or
exhalation, the tempo relates to breathing rate. "If I don’t
breathe, then there’s no vapour, so if I hold my breath, there
should be no vapour. And if I suddenly breathe really fast, or
really deep, then there’s changing that the tempo of the vapour
out. I would say. So maybe not necessarily that flow in and
out exactly when I breathe in and out. That may be like if

6

CONCLUSIONS

Based on previous project HU, a new physical device HU II
was designed and developed with a breath sensor, which enables real-time multisensory feedback. The device is used to
support mindful breathing utilising vapour, light and sound
as representations of respiration. The sensor works to monitor the user’s breathing by detecting the body movements.
Based on the analysis and discussion of the study results,
it comes to the following conclusions as well as possible
further research possibilities:
(1) During the study, the stretch sensor worked and supported real-time interaction. However, the sensing gadget and the algorithm needs improvement, for example,
calibration, to ensure that it works for most people.
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(2) While personal preference influences the acceptance
of light and sound, every participant agrees that the
vapour is suitable for presenting breath. The vapour is
a modality with abundant information, including visual, tactile, olfactory output. It could also generate the
aural output which comes from the vapour generator.
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