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ABSTRACT
This paper introduces MoodTurner, a wearable and mobile system
that supports individuals in the self-care of high sensory processing
sensitivity. We discuss how different aspects of personal informatics
and embodied perception can be combined to help individuals in
the tracking and reflecting on episodes of high sensory processing
sensitivity, and overcome stigmatisation associated with the use
of tracking tools. We present the design of a smart jewellery that
tracks where episodes take place as well as their severity and a
complementary mobile application that allows users to review and
document episodes of high sensory processing sensitivity.
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1 INTRODUCTION
High Sensory Processing Sensitivity (high SPS) is a neurological
trait that predisposes individuals to become hyper-aware of and
overstimulated by their physical and social surroundings [1, 4, 6].
High SPS is characterised by a response to lower thresholds of
information and heightened detection of subtle changes in the sur-
rounding environment [18]. Individuals with high SPS are highly
sensitive to changes in the environment. When in noisy, smelly,
brightly lit or busy surroundings, individuals with high SPS have
high chances of being overstimulated, resulting from the deep pro-
cessing of stimuli [1].

Approximately 15-20% of the population, equally divided be-
tween male and female, is believed to be highly sensitive [13, 15].
Most people with high SPS receive their diagnosis during young
adulthood and can experience high heart rate, high-stress levels,
physical illness [3], depression and anxiety [5] caused by over-
stimulation. Individuals with high SPS are prone to more negative
emotional states and have been found to withdraw themselves from
social situations as a result of overstimulation [1]. It is thus impor-
tant for individuals with high SPS to be able to recognise when
and why they are getting overstimulated and how to cope in these
situations.

People with high SPS usually develop better coping mechanisms
as they grow older and more mature, either by themselves or with
the help of a coach or therapist [8, 12, 21]. Nonetheless, this is a trial
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and error process and will therefore often develop later in adult-
hood. Hence, support in the development of coping mechanisms
at an earlier age is needed. However, this support should not be
too early in life, as people with high SPS are strongly shaped by
their childhood. So, a person will only know the full impact of their
sensory processing sensitivity in their early adulthood. Therefore,
the design concept focuses on young adults, aged 18-30, because
in this age range the design can support this group in fully under-
standing their experiences with high SPS. Moreover, this group is
more familiar with wearables and hence more open to using it.

In this paper, we show how the combination of personal infor-
matics and embodied perception can lead to the conceptualization
of a tool that supports individuals with high SPS in developing
coping skills. Coping skills can be divided into three categories:
preparation so that overstimulation can be avoided, in-situation
support to decrease overstimulation during an event, and winding
down to relieve stress. We describe the MoodTurner, a self-tracking
concept that gives in-situation support and a complementarymobile
application that allows users to prepare for and reflect on events.

2 RELATEDWORK
The design of MoodTurner follows recent research on embodied
perception and self-tracking.

2.1 Self-tracking as a tool for action and
reflection.

Personal Informatics (PI), or Quantified-self (QS) tools have re-
ceived an outburst of interest both in research and commercial
products. The main premise of these tools is to collect data about
one’s behaviours so as to generate a new understanding of oneself.
PI tools have been used to inform the design of a number of health
management tools, such as tools for physical activity and sports
[16], chronic illness management, diabetes, as well as conditions
that are poorly understood [19]. In a similar line, we propose that
PI/QS tools can be particularly useful in supporting individuals
during episodes of high SPS. An immediate response can be formed
to the physical and mental impacts of such episodes while creating
an opportunity to learn about oneself through the use of continuous
and automatic monitoring of symptoms in an unobtrusive way.

2.2 Stigmatisation of health monitoring
The concept of situated activity of the embodied perception theory
focuses on the relationship between the user and it’s environment
[8, 21]. The concept states that the perception of a product will
differ between the user and the user’s environment and that this
can change the behaviour of both the user and their environment.
This means that if people see a person using health tools, they might
assume that the person is sick and treat them differently. Recent
literature has found that people are often worried to be perceived
as in poor health or frail once they are seen using technology that is
associated with health monitoring [22]. This fear of stigmatisation
can be very powerful – devices for health have been described as
wearing “badges of dishonor” [22]. This might be exacerbated with
wearable devices, which have high chances of being seen by others.

2.3 The role of aesthetics for fostering
adoption of self-tracking technologies

In the past few years, a growing body of research has investigated
the role of aesthetics and style for the adoption of mobile and wear-
able self-tracking technologies (e.g. [13, 24]). These studies often
explore how the visual appearance of self-tracking technologies
can be tailored to promote the adoption of these tools. For example,
Jarusriboonchai and Häkkilä [13] highlight several techniques for
customising and personalising self-tracking technologies, such as
do-it-yourself toolkits and freestyle customization. Kang et al. [15]
further highlight the importance of the aesthetics of self-trackers.
Results from a field study indicate that people’s attachment to
their trackers is strongly interconnected with the extent to which
trackers reflect people’s personality, self-image, and style. These
studies have inspired recent discourses on the relationships be-
tween technologies, bodies and fashion. Wallace et al. [27] explore
craft practices in jewellery design as an approach to enmesh wear-
able devices into people’s everyday lives. Still, the aesthetics of
tracking is rather overlooked in research and commercial prod-
ucts, with a large majority of work on self-tracking rather focusing
on the functional or technical features that these tools implement
[9, 10, 27].

2.4 Current solutions on the market and their
shortcomings

There are already some products on the market that can help a per-
son with high SPS to recognize when they are overwhelmed. These
are wearables that track your stress levels, such as Spire Health
[25], Ouraring [26], and WellBe [28]. These products measure bio-
metrics such as heart rate, respiration, and/or skin conductance to
see whether the user is stressed. Additionally, there are products
on the market which can help the user figure out why they are
overstimulated. Examples are the apps Reflection Questions [23]
or Müse [21]. Such apps guide the user in creating self-awareness
and thus, can also help with guiding the user towards finding out
why they are feeling overstimulated. Lastly, there are products that
aid the user in relieving stress at a desired moment. Examples for
these are Headspace [11], a weighted blanket, or colouring books.

Hence, there are already products on the commercial market that
help the user recognize when they are overwhelmed, products that
help the user find out why they are overwhelmed, and products
that help relieve stress at a desired moment.

However, there is no product, to the best of our knowledge, that
incorporates all three elements into one product. The MoodTurner
intends to fill this gap by offering overstimulation measurement,
management and relief all in one product.

3 THE DESIGN OF MOODTURNER
Our approach for conceptualising MoodTurner draws on autobio-
graphical and speculative design methods. One of the authors of
this paper used their own experience with high SPS to help inform
the looks and interactions of the MoodTurner, and how to integrate
such a product in daily life. The main question being asked through-
out the conceptualization was: “What would it look like to design a
piece of jewellery that could be worn to support the management
of high SPS”. Multiple rounds of iterations were performed with all
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Figure 1: The MoodTurner interactive necklace.

the first authors of this paper, where the aesthetics and functional
features of MoodTurner were discussed.

In an attempt to minimise stigmatisation, theMoodTurner makes
use of the emerging area between technology and fashion to con-
ceptualise a wearable device that does not look like a therapeutic
aid. In this sense, the MoodTurner was designed to be perceived as
a piece of jewellery, rather than a wearable device and was concep-
tualised as an interactive necklace, as shown in Figure 1. Further,
we focused on a wearable for the areas of the shoulder and neck as
these body areas have been associated with stress and relaxation –
two key parameters for high SPS management [25]. The shape of
the fidgeting part (see Figure 1) is inspired by the Time-Turner™ as
seen in the Harry Potter™ movies [6] which is designed with three
metal bands that can be turned in different directions. Many young
adults grew up with the Harry Potter™ movies and are therefore
very familiar with it, so by using this shape, the MoodTurner can
have an extra appeal to the user.

The MoodTurner leverages the use of heart and respiratory rate
detections, GPS and vibrotactile feedback to continuously monitor
and track high SPS episodes that occur during individuals’ days. GPS
is used to track locations where a high SPS episode took place. A
photoplethysmogram (PPG) sensor [20], embedded in the necklace
clasp, detects overstimulating events through a significant elevation

of heart and respiratory rate, which have both been associated
as indicators of stress in general, and stress caused by high SPS
specifically [5, 29]. PPG is a pulsating wave produced by a pulse
oximeter and has been successfully used in the throat and neck
area for measuring heart rate, oxygen saturation, swallowing and
respiration rates [30].

The user interactions are shown in Figure 2. When an occurrence
of elevated heart rate and respiration is identified, MoodTurner logs
this instance and prompts users through a brief, 3-second, activation
of a vibration motor, placed inside the pendant. By prompting users,
MoodTurner invites immediate attention towards early symptoms,
thoughts and triggers and indicates an opportunity for immediate
action.

The MoodTurner leverages on the PPG sensor and small metal
spheres that can rotate placed inside the pendant (see Figure 1)
to engage users in a breathing exercise, aimed at minimising the
effects of high SPS. This exercise is based on the 4-7-8 breathing
technique, which commonly follows three steps: (1) breathing in for
4 seconds, (2) holding the breath for 7 seconds and (3) exhaling for 8
seconds. Breathing techniques, such as the 4-7-8 have been shown
to be effective ways to regulate heart rate, stress levels and help
individuals be more mindful about one’s current situation while
experiencing episodes of high SPS [17].

As Figure 2 shows, a tap on the MoodTurner’s pendant initiates
the exercise, either after receiving a notification form the pendant
or upon the user’s own initiative. The balls on the back of the
pendant guide the user through the exercise by. For example, the
balls roll in one direction for the duration of a breath in, stay in
place when the user is supposed to breathe in, and move in the
opposite direction when the outwards breath takes place.

3.1 Reflecting on past episodes of high SPS
MoodTurner also supports delayed reflection, in which episodes
of high SPS are stored as cues, and reflection is carried out after
an episode takes place. Due to the high chances of becoming over-
whelmed by their physical surroundings, individuals with high SPS
may be affected in their abilities to process information and recall
detailed information from episodes; which may further suffer from
biases over time. Insights on actual behaviours and experiences are
likely to be forgotten (e.g. forgetting about where an episode took
place or the factors leading up to it) or overlooked (e.g. underesti-
mating the frequency in which episodes occur over a certain day,
week or month). By tracking the duration, frequency, location and
physical symptoms (i.e. one’s heart rate and respiratory rates) of
these episodes, we aim to help individuals’ in better recalling their
thoughts, emotions and feelings.

This data is available on a mobile application, of which examples
of screens are shown in Figure 3. The app provides a view of users’
daily episodes of high SPS (Screen A in Figure 3). Each episode
has a starting time and duration, as well as the GPS-based location
where it took place. Episodes are colour-labelled according to the
duration and intensity of the episode, ranging from red (long and/or
high fluctuations in heart and respiratory rates), through orange, to
green (brief and/or moderate fluctuations in heart and respiratory
rates). Users can edit or delete instances where they believe their
data to be misrepresented, as well as manually add episodes which
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Figure 2: User Interactions with MoodTurner

were missed. It is also important that individuals can annotate
additional cues for later visitation (such as their thoughts, feelings,
and emotions). This is provided in the form of journal entries, shown
in Screen B in Figure 3. Individuals can submit journal entries by
tapping on an event and entering information via text.

4 DISCUSSION
With the MoodTurner, we created a design concept that attempts to
support people with high SPS in gaining awareness of the thoughts,
symptoms and triggers that are associated with high SPS. How-
ever, the MoodTurner is only a conceptual design. It has not been
evaluated or tested by users and therefore it is unsure if the con-
cept would actually work. For example, it is unsure whether the
pendant can accurately support people in calming down when
overwhelmed. The movement of the back-side rotation on the skin
might not be intuitive to the user, and the vibrations might actually
be contributing to the feeling of overwhelm, as they are additional
stimuli. Furthermore, the used trackers to measure stress should
be tested. It is unsure whether a PPG sensor is the best option, and
the concept should be tested on whether placing the sensor in the
neck will be accurate enough.

An additional challenge is differentiating exercise from a high
SPS episode. Exercise might create a similar response in the PPG
sensor as a high SPS event. When further developing this concept,
a way to indicate exercise in the log will be important.

To optimise the design, the concept needs to be tested on different
types of bodies and different ways of wearing. For instance, would
the necklace be comfortable to wear when the user has chest hair
– which might get caught in the ball mechanism? And would the
necklace still workwell when there is fabric in between the necklace
and the skin? This both refers to the use of the PPG sensor as well as
the tactile feedback of the pendant. Furthermore, there are questions
about the design of the necklace. Would other types of jewellery

work better for certain populations than for others? The necklace
used in the MoodTurner can be viewed as a more feminine piece of
jewellery and it is questionable whether men would be willing to
wear it. Would an item that they identify with work better?

5 CONCLUSION
This paper has shown an attempt to combine personal informat-
ics and embodies perception leading to the concept of a tool that
supports individuals with high SPS in reflecting upon the thoughts,
symptoms and triggers as episodes take place (i.e. reflection-in-
action) as well as when looking back at episodes (i.e. retrospective
reflection). With this piece of work we hope to encourage discus-
sions on how self-tracking technologies can be designed by con-
sidering fashion and identities. Recent studies have attributed the
relatively low adoption of wearable trackers to social stigmatiza-
tions associated with the use of these tools. Trackers are usually
perceived as tools for the frail and ill [29], which often clashes with
people’s actual reasons for purchasing and using a tracker (e.g. for
empowerment). The upcoming market of wearable devices will
only make this space more important.

We want to encourage the further development of a piece like
the MoodTurner. In particular, there are several open questions
about how to best design such tools, like: What are the various
dimensions of data that need to be supported by smart jewellery
to be able to best support reflection? Would it be relevant, for
example, to track additional contextual cues (e.g. people; noise)? Do
certain jewellery work better for certain individuals, and how can
we support individuals in designing jewellery based on their own
preferences? How are these tools perceived by people with high
SPS, and how do they support this group of people in managing
high SPS?
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Figure 3: Log and journaling process in the MoodTurner mobile app. The MoodTurner mobile app supports users in recon-
structing and reflecting on past episodes of high SPS.
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