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ABSTRACT

Energy limiting conditions (ELC), such as long
COVID and ME/CFS, require the careful monitoring
and pacing of activity and rest to avoid over-exertion.
Commercially available fitness tracking technologies
are currently being “misused” to manage these
conditions. Based on co-design research with people
with ELC, we conducted a research-through-design
process to ideate upon what ELC pacing technologies
could be. Our ongoing design process is informed by
crip theories that highlight the social and political,
rather than medical, aspects of disability and chronic
conditions. In an attempt to offer non-medicalising
pacing technologies, we explored integrating bronze
casting as a jewelry making technique within the
prototyping process. We also explore how we can
present quantitative pacing data gathered from
wearable sensors through felt vibrations on the body in
a way that can be therapeutic and allow for the user to
calibrate the quantitative data with their own felt sense
of fatigue.
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INTRODUCTION

Self-tracking technologies can support people with
energy limiting conditions (ELC) such as myalgic
encephalomyelitis/chronic  fatigue syndrome (ME/
CFS) and long COVID [11, 15, 29, 51, 57]. ELC are
characterized by symptoms such as extreme fatigue, and
can include symptoms such as cognitive limitations,
pain and sensory sensitivities. In an effort to manage
limited energy levels, people with an ELC limit activity
and balance exertion with periods of rest. This practice
is known as “pacing” [20, 55].

In recent years, people with ELC have adopted
commercially available fitness self-tracking technologies
and are using them in unanticipated and unintended ways
to inform their pacing decisions [10, 16, 17, 28, 29, 49].
However, these technologies are designed to optimize,
rather than pace, exertion and activity with the aim of
increasing health for people without an ELC. Therefore,
many questions still remain about how we might design
technologies specifically for pacing ELC.
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This pictorial presents the design concept and still-ongoing prototyping
process behind the “Lull” pacing device and our reflections on designing
“crip” pacing technologies. This design process was informed by our
previous co-design study with eleven people with ELC, where we
applied crip theory to both the co-design methodology as well as our
approach to the topic of pacing and energy management [25].

Due to our participants’ limitations in energy levels, our co-design
study was conducted through a five-week long asynchronous remote
community run via a private Facebook group [48]. This allowed for
participants to conduct co-design activities when they had the time
and capacity, without affecting their health negatively. A total of three
activities were given over the five-week study. The first two activities
asked participants to describe their subjective experience of ELC and
pacing by sharing pictures and descriptions of pacing decisions they had
made, and which activities they “loved” or “didn’t love” but that still
required energy expenditure. The third “Magic Machine” activity asked
participants to speculate on future pacing devices [2]. Participants were
invited to submit material in a range of mediums, including sketches,
existing images and voice recordings and text. The method of an
asynchronous remote community meant that participants could see and
comment on one another’s posts. Data from our co-design research was
analyzed by three of the authors using thematic analysis and informed
our research-through-design process exploring what form and function
pacing technologies could take beyond existing fitness watches and
accompanying apps.

As we will discuss, our research is informed by commitments to crip
theory. Research-through-design allows us to explore the influence
of the theory and worldviews we design from, and what knowledge
we produce through the act of design [7, 19, 53, 72]. In this pictorial,
we present stages of the ongoing prototyping process that includes
a collaboration between HCI researchers, a jewelry designer and an
industrial designer. In line with Vallgarda et al., we introduce traditional
craft materials, in this case bronze casting on the body, to question the
materiality given to digital technologies [66, 68—70]. Previous research
has explored how the ways in which we design with and communicate
self-tracked data to users influences our experience of our bodies and
health [4, 5, 30, 35, 61]. Our design exploration challenges aesthetics
and norms in relation to the medicalization of health and wellbeing
technologies and to explore how different materials offer different
ways of interacting with our bodies through technologies [14, 27, 62,
67].

Common critiques of the use of existin7g gacin
technologies based on previous literature [16, 27, 28, 55

Nudge user to increase activity

Compares user to other
without a chronic illness

Offers a quantitative and
objective definition of exertion

Supports a binary definition
of exertion vs rest

Offers a visual
representation of data

CRIP THEORY

Crip theory is a branch of disability studies which draws on feminist and queer theory that
proposes that taking a solely medical model to understand disability and chronic conditions
ignores socially and politically produced inequalities [38]. This approach explores how societal
expectations around productivity and quality of life might mismatch with the experiences and
goals of people with disabilities and chronic illnesses [3, 37, 38].

Our research project is grounded in crip theory, and it informs different aspects of the study. Crip
theory informs our commitment to the inclusion of people with ELC in the design process, despite
the limitations and adaptations necessary to avoid negative implications of the research activities
themselves due to their limited energy capacity [25, 44, 47]. Crip theory also informed the
approach we took to designing for pacing more generally. For example, the co-design activities
given to participants were informed by a crip, rather than techno-centric, medicalized or ableist
definitions of productivity and quality of life [22, 25, 36, 37, 60]. Throughout the design process,
we reflected on whether our design concepts aligned with crip commitments, and as we will
discuss, we encountered tensions that couldn’t always be solved through design. These tensions
produce knowledge that “talks back to” the crip theories themselves [53].
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CO-DESIGNING PACING TECHNOLOGIES

The data shared by participants throughout the
co-design activities informed our ideation and design
process. Themes from these findings included tools
that could support participants in resting, for example,
foot baths, weighted blankets, lying still in a darkened
room and resting in a comfy chair. These tools were
used as strategies to either recover from exertion, or
in preparation of future exerting activities to conserve
energy.

Pets and even wild birds appearing at the window were
discussed as an important aspect that could aid and
inspire resting, due to animals being “champion resters”.
ELC often leads to social isolation due to people not
having the energy to maintain social networks [11, 12].
Animals provided companionship without the energy
expenditure required by humans.

Participants shared activities that fatigued them that
they did and did not enjoy. A common theme was how
some activities, such as gardening, could be exerting and
fatiguing, but that it increased quality of life, and was
therefore seen as worth the energy “cost”. Participants
also described the strategies they used to balance the joy
produced by these restorative activities with the exertion
required. As pictured, this included taking a tent out into
the nature to lie down within as well as resting in the car
at the beach.

An important theme arising during the magic machine
activity, where participants were asked to speculate on
their ideal pacing technology, was therapeutic devices.
Participants desired a device that would remove the
“work” of pacing, and that would directly interact with
their bodies to improve their symptoms. As shown in the
sketch produced by one participant, this included devices
that delivered medicines and nutrients subcutaneously
and used existing therapeutic tools such as tens machines
to help with muscle tension. Rather than imputing data
themselves to track their energy, participants imagined a
“magic wand” scanner to detect the fatigue levels of the
body at a cellular level.



TIME REPRESENTATIONS

We explored different forms of time keeping
tools and representations that could inspire us
in the ideation process we will present below.

Mill Time

CRIP TIME

Our commitment to adopting crip theory in this research
project included critically considering the assumptions we
were making about the topics of energy, pacing and chronic
conditions more broadly [25]. Crip theories acted as guides
to support us in avoiding normative and ableist approaches

L . The Mill Double Dialled Longcase was installed
within our design process.

in water mills in early-19th-century England. This

However, according to Sheppard, the topic of pacing itself can
both be framed as an ableist and curative attempt to erase the
“problem” of ELC, as well as a crip act of resistance in saying

clock could dictate working hours. The lower dial
showed the actual time, while the upper dial showed
the ‘mill time’; the arms only moved when there

was enough water running through the mill
A'ctual for it to run at an optimal pace, so if the water
Time slowed, so did the clock and productivity,

“no” and prioritizing rest and wellbeing over productivity [59].
To address this tension, Sheppard proposes a “crip pacing” that
is “an active statement of self-worth, rather than an attempt

at rehabilitation.” [59]. Here, the subjective choice of the
individual is paramount in choosing when and how to pace.

One particularly important aspect of crip theory useful for our
project is that of crip time. Crip time emerged as a term within
the disability community to refer to the fact that people with
disabilities and chronic conditions may require extra time to
accomplish tasks as a result of symptoms, and that they might
even experience time differently due to not living “normal”
lives with daily rhythms, such as full-time work [23, 38, 54].
Crip time questions normative assumptions about productivity
since cripping “might also include resting, pausing, and
slowing down” [37].

Taking a crip approach to pacing means rejecting normative
and ableist assumptions about energy allocation and time.
Rather than assuming that resting is used to save up energy to
spend time in normatively productive ways, such for work or
completing household chores, a crip time approach aligns with
our participants perspectives on the importance of restorative
activities that provided emotional value [52]. In order to explore
how we might design for pacing as an act of “self-worth” [59],
we explored how resting can be an enjoyable activity in its
own right. We also took into account the therapeutic design
concepts described by our participants that augmented resting
to become an activity to actively improve health. However, as
we will discuss, there are tensions between the desires of our
participants and the commitments of crip theories to reject a
medicalizing and curative approach to chronic illness.

lengthening the workers’ day.

Adaptable
timekeeping

Water clocks are one of the oldest time-measuring
instruments. Time is measured by the regulated
flow of liquid into or out of a vessel, and where
the amount of liquid can then be measured. The
material qualities of water and the size of the funnel
dictates the speed at which time is represented by
regulating the size of the water droplets.

A Metronome is a device that uses a swinging
pendulum to produce an audible click or
other sound at a uniform interval that can
be set by the user, typically in beats per minute
(BPM). Musicians, dancers, athletes, and health
professionals often practise with a metronome
to improve their timing, especially the ability to
maintain a steady tempo with a regular beat or
pulse.

Water Flow



IDEATION

Three of the authors conducted ideation exercises
to transition from our co-design findings to a design
concept we could prototype. This included using the
digital whiteboard tool Miro to lay out the material from
our co-design activities, as well as other imagery that
could support our ideation process, such as the time
representations discussed previously.

In response to existing research on the challenge of
screens for people with ELC due to the fatigue they
can cause, we ideated upon minimalist non-screen-
based designs [8, 9, 52]. Based on our co-design data,
we developed the initial design guidelines shown here.
Since people with ELC mostly spend time in the home
due to their symptoms, we made the home the context
of our ideations.

Inspired by soma design methods that aim to capture the
capabilities of the sensing body in designing interactions
with technologies, we then used categories of interaction
modalities such as light, sound, heat, shape-change,
scent, pressure on the body and text, to structure
our ideation process [31, 71]. These categories were
also inspired by the tools, activities and technologies
mentioned by our participants throughout the co-design
study.

DESIGN GUIDELINES

1. A non-screen-based device
2. To be used in the home environment

3. Uses data from wearable sensors to track
energy capacity

4. Provides a therapeutic function
5. Should reflect fluctuations in energy

6. Should validate or augment resting

Pleasurable Rest

We conducted round-robin ideation exercises, where we / / ‘

each contributed a design concept based on one category. , \“ ‘. /

The next round we would then swap these categories / ‘

and either build on the existing design concept or create “ L/

a new design concept. After these rounds of ideation, ‘

we synthesized and evaluated our design concepts by \ \

noting themes and voting on each concept with heart )

icons before choosing one particular concept to develop Select your favourite scent(s) to come

further. Here we show some of our design concepts. out of a diffuser when you are fatigued.
Scents change when you’ve rested

Body Fluctuations enough to wake you up from your

resting.

Augmenting Rest

i
oy Eﬂ
b
The house automatically warms or \

cools when it detects you are lying v Moving lights that guide your

down and resting depending on your A device that gives a slow eyes in relaxing patterns -
preference. hug as you enter into rest and ~ stimulating but still relaxing.
releases slowly when resting

Sl Like hypnosis.
time Is over.

Supporting Rest
Sharing Data

Smart home devices all
slow down as energy runs
out - like Sabath.

Wifi slows down and

stops when body battery
is spent.

Art canvas changes shape and colour
depending on the energy data it is
receiving for the rest of the family to
see.

Curtained area that descends
when rest is needed and raised
when resting is doneoss




DEVELOPING THE DESIGN CONCEPT

The next phase of the design process involved developing
the design concept we felt represented our co-design
findings and crip theory commitments best. This design
concept uses vibrotactile feedback to communicate data
relating to pacing gathered from a wearable device.
This would include data such as overnight HRV that
relates to how restorative sleep is, the extent to which
the heart rate has been raised, and the number of steps
have been walked in the day. This is a function used by
many existing fitness tracking watches, most famously,
the Garmin watch “body battery” function gives the user
a fluctuating percentage of energy capacity remaining
[50]. This data can be used to calculate the energy “cost”
of previous activities, as well as how much capacity the
user has for activity for the rest of the day. When the
user rests, which is registered by a lack of movement
and a lowering of heart rate, the capacity for activity can
increase as energy is “recharged”. Our design concept
uses a vibration motor to translate this energy capacity
metric to the speed of vibrotactile pulse felt when the
device is placed on the body. When the user has a high
capacity for activity, the pulse is faster. When the user
is running out of energy, the vibrotactile pulse slows
down. When they rest, the pulse speeds up again.

A Therapeutic Device

The design concept is both a check-in device to register
energy level through placing a hand on the device, as
well as a device to be used on the body when resting.
Our participants’ desired therapeutic pacing devices that
did more than just provide information on what activities
they could do and when to rest. Our final design concept
uses vibration to both communicate data, as well as to
act as a therapeutic device. Vibrotactile devices have
been used to stimulate the vagus nerve through on-the-
body technologies [58]. Vibrations can act as stimulus
for the vagus nerve that increases relaxation, thus
enhancing and validating resting activities. \Vagus nerve
stimulation has been shown to have positive effects on
long COVID as a non-invasive treatment to improve
recovery [5].

Timekeeping the Changing Body

Our design decision to use a vibrotactile pulse to
communicate energy levels was inspired by the fact that
the body already has its own pulses and rhythms that
we relate to energy levels. However, our design concept
reverses typical associations of high heart rate pulse =
fatigue and exertion, and low slow pulse = resting and
inactivity. We felt that feeling a fast high pulse when
the user is already fatigued would risk overstimulation
and stress. Having a slow pulse that speeds up when the
user is resting also represents a how the user is ramping
up towards an increased capacity for activity if desired.
In relation to the methods of timekeeping mentioned
previously, we were inspired by the Mill Clock in
relation to calibrating the passing of time to a non-
static phenomenon. Just as “mill time” is dictated by the
speed of the river water flowing through the waterwheel
driving the mill, the speed of the vibrotactile pulse is
dictated by the fluctuating energy levels of the body.
This resonates with crip time, where a subjective sense
of time is prioritized over a chronological definition of
time [18, 38]. Communicating energy levels through a
vibrotactile pulse felt on the body was inspired by the
experience of feeling water dropping from the water
clock. We wanted to explore how the passing of time
could be felt on the body.

Calibrating with a Felt Sense of Energy

A common critique throughout the co-design study was
how current self-tracking devices failed to be accurate
or account for their felt experience of ELC [25]. ELC
symptoms fluctuate overtime and are often experienced as
erratic [40, 52]. Participants’ speculative design concepts
therefore either improved upon existing technologies
through measuring a biomarker for ELC that does not
yet exist, or through including their felt sense of their
ELC in the calculations for pacing strategies provided
by the technologies. Therefore, our design concept
allows the user to calibrate the quantitative data gathered
from the wearable sensors with their own felt sense of
their energy levels. We do this by using a piezoelectric
sensor, allowing the user to tap their own pulse that they
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feel represents their energy levels onto the device. This
pulse is then calibrated with the original pulse to offer
a more co-constructive method of self-tracking [27, 30,
32, 34, 56]. This replicates the metronome, and how the
pace of the swinging pendulum can be set by the user
themselves. The fact that we avoid presenting energy-
related data as a numerical score or graph also employs
ambiguity as an affordance that means data can be read
more subjectively [5, 30, 33, 39]. Each user will have
a different reading of the vibrotactile pulse speed, and
the skills to “read” this information from the pulse will
develop over time and use.

A Resting Companion

Our design concept also harnesses the relationship
between user and pet that was described as being
valuable to our participants. We want to explore how
having another object with its own life pulse might feel
like having a pet as a resting companion. Research on the
use of avatars in self-tracking literature has also shown
how users can gain positive experiences by adopting
healthy behaviours themselves with the intention of
caring for an avatar [1]. By resting with the device, the
user not only recharges their own body, but also brings
the device “back to life” by helping it to increase the
speed of its own vibrotactile pulse.

7 low capacity

high capacity M

A

vibration
motor

|| piezo electro

,,://// sensor




STORYBOARD

Data, such as heart rate, HRV and step count is
gathered from a commercially available fitness
tracking watch. This data is sent to a microcontroller
within the device that programs the frequency of
the vibrotactile pulse.

When the user wants to check-in with their
energy level data, they can place a hand on the
device. A fast pulse means their energy capacity
is high, slow means they energy capacity is low.

If they do not agree with the frequency of the
vibrotactile pulse, they can tap a new pulse on the
device, and it will calibrate to both the device and
user’s definition of their energy levels.

When the vibrotactile pulse is slow, they lie
down and place the device on their chest.
The vibrotactile pulses resonate through their
breastbone, stimulating the vagus nerve and
helping them to feel relaxed.

As they rest and their heart rate and activity
drops, the vibrotactile pulse begins to speed up,
representing the fact that they are recharging the
energy levels of the device, as well as their own.

| \
Once the pulse is back to a satisfactory speed, or
the user feels that they have rested enough, they
place the device back on the table and move on
with their day.
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CASTING BRONZE

Once we had developed the design concept based on the co-design findings, the next
stage of our design process was to consider how we would give form to the device.
These design decisions on what materials and forms we would use to embed the
hardware elements within would impact how the device was experienced [68—70].
This is particularly relevant in the case of health-related technologies where medical
aesthetics are perceived as providing validity and accuracy [27, 30]. In line with
our crip approach, our design had to reflect the non-clinical and non-medicalizing
approach to pacing. This led us to explore more domestic forms and materials than
the typical grey plastic of a health technology. Since early ideas for how to give
form to the device were that it should be in the form of a necklace or other form of
wearable device that was kept on the body, here a jewelry designer working within
HCT joined the project. However, amid concerns that a constant flow of data relating
to energy levels could be overwhelming for the user, the device became a stand-
alone, check-in device that could be placed on the body when needed for augmenting
rest as described above. The jewelers’ material practices addressed the functional
aspects of electronics, with material experimentation on aesthetic considerations,
as well as the social and cultural contexts of those designs [41-43]. The jewelry
designer’s involvement from the early stage of the process influenced the types of
material possibilities open to us, as well as the design process itself [65]. Inspired
by the relationship between the device and the body it was in dialogue with, the
jewelry designer began exploring how to cast body parts into metals, namely bronze.
Bronze has particular properties that make it an interesting material to integrate into
a technology that will interact with the body. It is heavy and cold to the touch but ) ]
warms up as heat is transferred from the body when maintains contact. Bronze also ~ Her process of casting the body revealed the important balance we needed to reach
develops a shiny patina over time when in repeated contact with skin due to the oils ~ P€tween making it evident that the bronze was cast on the body but avoiding the feeling
transferred. This means that where bronze is touched becomes documented in the of t(_)u_chlng a stranger’s hand. This required making the cast more abstract, whilst still
quality of the surface. The jewelry designer explored creating casts of her hands in  retaining the general palm form.

wax and later casting these in bronze to integrate into the device.

3089



Micro-controller

3090

FIRST ITERATION OF THE PROTOTYPE

For the main body of the device, a 3D printed form was necessary to integrate the
hardware elements. We therefore began to explore how we could integrate the bronze
disk plate into the 3D printed casing in a way that reflected the form. We wanted to
avoid the bronze plate becoming a separate add-on to the main form. We explored how
the main body of the device could reflect the curves and angles of the bronze plate
through 3D scanning the bronze plates and then using this model to shape the top of
the device.

One challenge of using bronze casting is how to combine the bronze elements with
other elements of the design since fabrication methods, such as glueing, are not
appropriate. Informed by silversmithing techniques, this was managed through adding
bronze struts on the base of the bronze plate where we could insert screws. We then
added holes in the 3D printed form where these struts will fit. This means that the
bronze plate can run through the device and sandwich and secure all 3D printed
elements without any glue or other compounding methods needed.



DEVELOPING THE FORM
After developing the first prototype, we found that the form of the 3D printed body did not fully reflect the fact that the device would be used on the body. Here an industrial

designer, with expertise in giving form to 3D objects, joined the project. Their perspective was to elevate the bronze plate, and that the rest of the device could be rounded and
emphasize the contrast between the cut edges of the bronze and the roundness of the device. This was counter to the original aim to seamlessly join the two elements together.
This new, and still ongoing, phase of prototyping involved sketching and using modelling clay to explore different forms. In particular, we explored how the device felt against

the body throughout prototyping and modelling sessions.
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USING METAPHORS TO CONSOLIDATE THE CONCEPT OF LULL

Once we began exploring the form of the second iteration of the
prototype with modelling clay and digital 3D modelling we could better
see how the concept as a whole could reflect the themes of the project.
We realized that forming a rounded base of the device could both better
fit the body, as well as being reminiscent of a boat. Metaphors can be
used to generate novel design ideas, and as we show, to pull together
form and aesthetics and name as one whole unified concept [45, 46].
The metaphor of a pacing device as a boat worked well with the design
concept as a whole. The vibration patterns could be seen as the waves
on which the boat is sailing. When the waves are more frequent, the boat
moves faster and more energetically. When the waves are less frequent,
the boat sits stiller and rests. This metaphor helped us name the device
“Lull”. The word “lull” as a noun represents a temporary interval of
quiet or lack of activity, usually in a storm or waves, and as a verb
it means to calm or send to sleep, typically with soothing sounds or
movements, as in the word lullaby. This seemed particularly apt for our
device as it both is used during a pause in activity and helps to soothe
the user through vibrations felt against the body.

7]




DISCUSSION: DESIGNING A CRIP PACING DEVICE
At the heart of our research-through-design process
was our exploration of how we can design crip pacing
devices. Crip theories informed both the methods used
in the co-design process, as well as our definitions and
approaches to the topics of pacing, rest, and chronic
iliness more generally [25]. In order to explore how
we might design for pacing as an act of “self-worth”
[59], we explored how resting could be an enjoyable
activity in its own right. We also took into account the
therapeutic design concepts described by our participants
that augmented resting to become an activity to actively
improve health.

Designingwithcriptheoriesmeansadoptingacommitment
to the social and political dimensions of ELC, rather than
purely as a medical phenomenon [38]. However, it could
be critiqued that there are tensions between the desires
of our participants and this theoretical commitment. Crip
theorists reject techno-ableism, in which technologies
are framed as the answer to the “problem” of disability
and chronic illness [60]. Lull could therefore be critiqued
as a device to commodify rest in an attempt to “fix” the
problem of ELC. Lull could be accused of perpetuating
that lying down is not enough. To rest “productively”, we
must stimulate the vagus nerve to get the full benefit from
the time spent sedentary. Crip theorist could critique Lull
as a device that validates resting, not in a way that would
change societal perspectives on resting, but that instead
perpetuates existing beliefs about rest being something
that is only useful in relation to the productivity it affords.
The commercial vagus nerve stimulation device, Sensate,
even uses the tagline “destress your nervous system, in
just 10 minutes” [63]. In a fast-paced capitalist society
focused on productivity, even resting must be made time
efficient.

As designers, we can experience tensions between
providing users with technologies that fit their desires,
but that do not align fully with our moral or ethical
commitments [26, 64]. Particularly in light of our crip
and co-design approach, we must respect our participant’s

desires for a therapeutic device that simply made them
feel better. ELC is a severe condition that affects every
aspect of life and are notoriously difficult to recover
from. When we offered our participants the opportunity
to imagine an alternative future by way of a “magic
machine”, it is not surprising that they wished for a future
in which they were not as ill. Here, our design process
comes head-to-head with existing conflicts within the
crip theory community. Since the experience of disability
and chronic illness is shaped by bodily symptoms
and realities, how we can improve the experience of
people with chronic conditions without partially taking
a medicalizing approach? As Elizabeth Grosz says,
changing social conditions cannot cause an amputated
leg to grow back [21]. People with ELC have long had
the physiological realities of their condition denied due
to stigma and societal and medical misconceptions [13,
23]. We therefore believe that it is important to address
both the bodily realities as well as social and political
conditions when designing pacing technologies, and that
this still qualifies as a crip approach.

In relation to the social and political aspects of ELC,
there are some aspects of our design that we can more
easily align with crip theory. Firstly, by stimulating the
vagus nerve, we create a more pleasurable experience of
resting in the moment. We propose that making resting
pleasurably contrasts with societal perspectives on resting
being something to endure in pursuit of its benefits. To
design for resting as its own hedonistic activity aligns
with activist movements recommending rest as a way to
compensate for and reject racist and capitalist societal
pressures such as the Nap Ministry [24]. We also propose
that by offering users the chance to calibrate the frequency
of the vibrotactile pulses, we reject a purely medicalizing
approach to ELC. Similarly to phenomenology inspired
approaches to menstrual cycle tracking, the user is invited
to explore their own embodied sense of energy and align
the quantitative data to that subjective knowledge [30].
This means that Lull avoids becoming a didactic device
that prescribes rest and activity and instead becomes a
tool to do pacing with.
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FUTURE WORK

The final iteration of the Lull prototype is still in
development. Future work will involve exploring how
we can attach the bronze plate to the new form of the
main body of the device by attaching one central strut,
rather than four peripheral struts. We will then explore
how to reconfigure the inner electronic components
around this. We also want to continue exploring material
possibilities for the main body of the device. Prototyping
with modelling clay made us appreciate how a heavier
device would increase vagus nerve stimulation when
placed on the chest. Therefore, we have chosen to use
the heaviest bronze plates we can develop and we will
explore forming some aspects of the body of the device
out of clay or similar heavy materials.

We aim to later conduct user testing in order to decide
on several aspects of the design of the final prototype.
We will first explore how to integrate data from existing
fitness tracking devices and invite potential users to tell
us which types of data they would find most valuable.
We will also ask our participants to offer guidance on
the exact vibrotactile feedback they would like Lull to
use. Vibrations pulses might be experienced as a slow
building wave, or a stronger tap sensation. The speed
of the pulse might also influence preferences. Another
direction to explore will be whether we can offer users the
opportunity to have their own hand palm cast in bronze
in order to feel more ownership and bodily relation to
the device. We plan to then deploy these prototypes for
a longer-term study exploring whether Lull makes sense
for people with ELC over time. We will also explore how
the non-medical aesthetic of the device influences the
experience of use. Since fatigue is an integral aspect of
everyday life, a final aspect to explore will be whether
Lull as a pacing device is relevant for people without an
ELC.
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