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ABSTRACT

Given an extension of the working life and the large number of musculoskeletal disorders associated
with occupational activities, wearable assistive technology could help to enable workers to carry out
their profession as long as possible and necessary. In this pictorial we describe our design process to-
wards a wearable soft robotic orthosis and illustrate a’body-centered” design approach that involves
the human body throughout the different stages of the project and takes advantage of its abilities to
specifically address the challenges in the development of wearable technology.
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Fig. 1
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INTRODUCTION

Demographic change and changes in the employment behavior
of older people led to a shift in the age structure of employees in
Germany in recent years [3]. An increasing working life up to old
age makes it necessary to think about new concepts in the con-
text of work to enable workers to carry out their professions as
long as possible. Despite the modernisation of work processes and
the use of new technologies, a large number of musculoskeletal
disorders can be traced back to occupational activities [1].

The aim of the project PowerGrasp is to reduce the physical
strain of assembly workers by means of strength assistance, thus
preventing possible consequential damage and preserve the
workers’ physical health. For this purpose, the interdisciplinary
project team developed a body-worn soft robotic support system
for arm, shoulder and hand support that provides active force as-
sistance as needed by compensating muscle fatigue. While other
partners focussed on control technology and technical implemen-
tation [7], our specific focus in the project was on the user-
experience and acceptance. In this paper we illustrate our devel-
opment process from a design and user perspective.
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The development of wearable technology is a topic that requires
special consideration in the design process. When investigating
user requirements, very personal and sensitive topics may be
discussed in workshops or interviews. The requirements to such

a system are often very individual. Ergonomics and wearing com-
fort play a central role and anatomical and physiological char-
acteristics of the human body have to be carefully considered to
avoid injuries. To address these challenges, we followed a what we
called ‘body-centered’ design approach in which we took advan-
tage of the human body and its capabilities in a variety of ways.

Reflecting this process, this paper focuses on the following ques-
tion: How can the involvement of the human body and its abilities
support the design process of a wearable assistive system?

In this context, we have identified five key roles of the body in our
design process, which we will discuss below: The body as a means
of communication, thinking through the body, evaluating through
the body, the body as research object and the body as working
area.

THE BODY AS MEANS OF COMMUNICATION

While traditional design research methods primarily focus on
what people say (e.g. interviews), do or use (observational re-
search), a growing number of approaches aim to understand peo-
ple’s thoughts, feelings and dreams by accessing tacit knowledge
and latent dreams that people cannot readily express in words
[6]. So called “Make-Tools” facilitate exchange and communica-
tion between possible users of a product or service and the people
that design and develop it. By providing toolkits people can use to
express their thoughts, feelings or dreams with by creating an ar-
tefact and/ or model, as-yet unknown and/or unanticipated needs
are meant to be discovered [6].

Within our design process, we conducted participatory work-
shops with potential users and experts to learn about their
thoughts, needs and visions regarding an assistive system.
Therefore, we developed a “body-storming toolkit” (fig. 1) for the
design of a wearable support system for arm, hand and shoulder.
In bodystorming [16], situations and/or motion sequences within
a specific use case are simulated together with users in order to
work out possible problems, ideas or needs in dialogue. We com-
bined this method with a toolkit consisting of a set of materials
and tools, with which the participants could visualise their ideas
and suggestions prototypically on their own bodies.
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Fig. 2: A participant using the
bodystorming toolkit to express
his needs and ideas for a wearable
support system.

Fig 3: A participant performing
workplace-related movements
within the creation process.

RIGHTS LI N K}

TEI *20, February 9-12, 2020, Sydney, NSW, Australia

Fig. 2 and 3 provide some insights into the participatory work-
shops that lasted about one hour and were conducted as indivi-
dual sessions to make sure that the participants feel comfortable
to freely talk about their personal considerations without having
any inhibitions towards colleagues or superiors.

At the beginning of the bodystorming session, the participants
were asked about their workplace related activities and poten-
tial physical complaints. On a glove that reached up to their
shoulders they were then invited to mark areas where they felt

a particularly strong physical strain. In a second step, they were
asked to metaphorically “build” a support system for their indivi-
dual needs directly on their bodies and equip it with the desired
functions and features. Therefore, various materials and chips
with a series of symbols were provided. The different materials
represented different material properties and volumes while the
symbols were meant to stimulate reflection on different aspects of
interaction with the system. Later in the text, we give a detailed
insight into the materials and the functionalities indicated on the
icons.

Within the creation process, the participants were asked to per-
form workplace-related movements in order to consider possible
constraints, to think about how they would like to interact with
the system and how the device could support them in specific
situations. Throughout the process, they expressed their thoughts
and ideas by “thinking aloud”[18]. At the end of the session, they
presented their results to the researchers by explaining and
demonstrating how they would use the device.

The workshops were conducted with two groups of people:

1) with four people working at the assembly line of an automotive
company and 2) with three therapists: two physiotherapists and
one ergotherapist. While the first group focused on use case and
task related requirements, the results of the second group was
especially interesting in means of physiological aspects. Insights
into these workshops will be given in the next section “The body
as research object”.

All workshops were documented by video and audio recordings.
The artifacts created by the participants complemented the ana-
lysis. In combination with the transcripts they provided numerous
design approaches and ideas that formed the basis for deriving
user requirements and further concept development.
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A challenge in the choice of materials was to offer the par-
ticipants a purposeful and manageable range of functions and
materials, without influencing them too much by our selection.
For this reason we tried to keep both the materials (fig. 5) and the
functionalities illustrated by icons (fig. 4) abstract to leave room
for interpretation. The selection of the functionalities represented
on the chips (fig. 4) was made on the basis of experience from
earlier projects.
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In the “Feedback” section, different channels of perception are
addressed: visual, auditory and haptic feedback, the latter repre-
sented by a vibration icon. The smileys represent a positive-nega-
tive pair of opposites, leaving much space for interpretation. The
speech bubble represents feedback in the form of a speech output
and the siren icon was intended as an abstract warning function.

The “Access and Authentication” area should encourage partici-
pants to consider certain aspects of accessibility and data protec-
tion. The importance of the individual icons was not necessarily a
priority. Rather, our goal was to make the participants reflect on
the topic through the functions presented (i.a. locked/unlocked,
pin input, a personal profile).

The same applies to “Data and Statistics”: With these symbols
we wanted the participants to reflect on whether and which
data could be collected by the system (e.g. vital data, degree of
strength support) and what they would like to know about these
data in which form (e.g. changes over time, rewards).

We also choose some abstract “status messages” such as warning
or information, that should be specifically defined or filled with
content by the participants when used. To do so, we asked specific
questions in the workshop when necessary.

The icon in the category “Interaction”stands for a user input.
Empty chips could be labelled by the participants themselves.
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In the workshops we had a few more icons, which turned out

to be redundant (e.g. thumbs up/down, different On/Off switch
icons, an “out of order” icon) or not understood (e.g. a balloon as
pneumatic function). We have therefore removed these icons and
not shown them here.

TEI 20, February 9-12, 2020, Sydney, NSW, Australia

When using the toolkit, we noticed that many of the icons and
materials were interpreted or used very freely (light, intended as
feedback, was used as a flashlight on the finger, coloured adhesive
dots as different status LEDs, foam as a display, tape as an actua-
tor). This led to very creative applications and interesting findings.

Conclusions from our work with the materials:

« It has proved positive to prepare the materials by cutting them to
different sizes and shapes (fig. 5). At this point an abstract level
is important so that materials can be used for different purposes
than originally planned.

« In case of the chips (fig. 4), abstract representations of (basic)
functions have turned out to be very valuable, as these could
be interpreted broadly by the participants. Overly technical
approaches (e.g. different switches, technical features such as
pneumatics, ...) were not useful and made the chip set
unnecessarily complex.

« The “Access and Authentication” and “Data and Evaluation”
chips have in fact helped participants to address the issues in-
volved. However, it was helpful here to specifically address the
participants’ opinions on the topic in order to give an impulse
for reflection.

« It is important to let the participants explain each of their
design decisions, as the materials used may mean something
quite different from what the researchers assumed.

Fastening / Connecting / Stabilizing

Anti-Slip / Flexible

Fastening/
Stabilizing

Stabilizing / Padding Padding

Fig. 5
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@ The employee wants an or-
thosis into which he can “slip

in” “like a glove”. It should be
fastened with buckles

Volume should be placed on
the outside of the body e.g.
shoulder area or elbow joint.

(3 Switching on at the inside of
the forearm.

@ Status LED on the inside of
the forearm indicates erating
or not.

@ Freedom of movement is
very important to the second
employee. Volume should be
placed in the upper arm area,
no volume on the fingers.

The orthosis is on as soon as
the zipper is closed.

It creates a profile for each
employee and gives recom-
mendations. ldentification is
done via pin pad.

In case of critical movements,
a vibration signal is given.

© The third employee wants a
system to prevents physical
health problems. She would
like to put it on like a jacket
and close it with velcro.

0 It is switched on at the inside
of the forearm.

The status of the system
(on/off/battery status) is
represented by LEDs.

A red LED gives a warning in
case of wrong movements.
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Fig. 12: Synthesis of the key ideas
and insights provided by each
artifact in the analysis process.
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One of the main results of the workshop analysis was a concise
collection of requirements for a body-worn support system in the
following topics: Design and construction, usage, interaction and

feedback.

Design & Construction: The orthosis must under no circum-
stances be able to injure a person and must inform the user of
this fact through its formal design. The system should be soft and
flexible, like a garment, rather than rigid like a “classic” exo ske-
leton. Solid elements should at least be well padded or embedded
to prevent the orthosis from scratching and denting workpieces
or getting stuck while working in narrow spaces. It must be easily
removable in the event of a malfunction. Technical components
and volume in general should be placed on the outside of the
body, preferably on the upper arm or back. Volume on the finger
should be avoided as far as possible, as fine activities such as grip-
ping through metal sheets may have to be carried out. The wrist
should also remain flexible, but should be supported as needed.

Design considerations: The system is designed like a garment and,
if possible, should completely avoid rigid components.
Volumes for technical components are placed on the back.

Usage: The support system is more likely workplace-related than
assigned to a specific employee. That means it is located on the
respective workplace and can be worn by anyone who works
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there. Therefore, it must be wearable over regular work clothes
and adaptable to different body shapes. The subject of hygiene
must also be considered thoroughly in this case. Due to the risk
of injury, the device must not be connected to a stationary system
by cables or tubes.

Design considerations: The system is designed as a vest with ad-
justable straps so that it is flexible in shape and can be combined

with work clothing. The system must be completely mobile and
the entire energy supply must be wearable on the body.

Interaction & Feedback: The orthosis should be quick and easy
to put on and take off, for example for (toilet) breaks. Some par-
ticipants would rather have the orthosis switched on explicitly by
a kind of switch, while others preferred a more casual switch-on,
for example by putting on the orthosis or by starting a workflow.
Two of the participants wished for an individual setting of the
level of assistance. The others simply wanted automatic sup-

port without the need for further adjustments. In each case, the
user must always have full control over the system. The orthosis
should indicate its respective status, such as whether it is ready
for use, possible malfunctions, and the battery status. Light and
haptic feedback were often mentioned as feedback types. At least
two participants were critical about audio feedback, as additional
sounds could be lost or even be disturbing in an already noisy
working environment.

Design considerations: To ensure that the user always retains con-
trol over the system, it mainly compensates muscle fatigue. The
user can thus overcome the system at any time and does not run
the risk of being controlled or injured. Buckles and Velcro fasten-
ers allow for quick putting on and taking off. Different switch-on
and switch-off solutions as well as feedback possibilities have to

be explored.

The workshop results provide a solid set of requirements that
such a system must meet in order to go beyond the technical
demonstrator to an application-oriented device that is accepted
and used by its potential users. For organisational reasons, we
were unable to hold the workshops at the real workplace. As a
result, the movements performed by the participants remained
relatively abstract. At this point, core elements of the workplace
could have been simulated, either by a physical construction, or
by a sketch on the wall, in order to put the participants more into
the situation. This might have led to some more specific work-
place related insights.
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Fig. 13: The first therapist wants
to put on the orthosis by slipping
into it like a glove. It must not be
too tight or too compressive - she
wants to have the feeling that the
orthosis belongs to her. Moreover,
she wants to be able to manually
adjust the degree and region of
power assistance.

Fig. 14: The second therapist wants

to slip into the orthosis like a
sock, without further buckles or
fasteners. Her orthosis is designed
to support the rotational move-
ments of the arm by traction. The
orthosis should recognize her and
know which tasks she is going to
perform in order to “simply work”
and support her.
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THE BODY AS RESEARCH OBJECT

As the human body is a highly complex anatomical and physio-
logical system, it entails a series of specific abilities and con-
straints [8]. Developing a system that is meant to be worn on

and support the body, a very important part of the research

was dedicated to the understanding of these given parameters.
Therefore, we conducted workshops with two physiotherapists
and one ergotherapist using the toolkit described before. Whereas
in the first workshop the toolkit served to address and communi-
cate tacit knowledge, it now supported the therapists to structure
and express thoughts and knowledge by visualizing anatomical
concepts. Furthermore, it facilitated the communication between
therapists and designers and developers. In these workshops, we
were able to identify a set of physiological requirements to be
considered in the design process:

Physiological requirements:

In order to protect the joints, it is essential to carefully study and
consider the respective degrees of freedom. Places where many
nerves and vessels are located should be left free. This includes in
particular the crook of the elbow and the armpit. Solid compo-
nents should not be located on muscles, as they may squeeze the
arm when the muscle is actuated. In terms of power assistance,
the entire body must be considered: when a force is dispersed

in one part of the body, it can cause problems in another part.
For one-sided power support, this means that the other shoulder
must be included in order to distribute forces evenly.

Design considerations: As few technical components as possible
are placed on the arm. They are placed on the back, with volume
and weight evenly distributed over the body. The system is de-
signed in the form of a vest that distributes the force evenly over
both shoulders.
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THINKING THROUGH THE BODY

Our mind and body are strongly connected when it comes to
learning and reasoning. Research on embodied cognition states
that bodily activity plays an essential role in human cognition
[13]. Prototyping processes in design practice vividly illustrate
this interconnection of action and cognition: Klemmer et al. [6]
describe this process aptly as a “conversation with materials® in
which the feedback of every built object helps to uncover prob-
lems or gene-rate suggestions for new designs.

Since the findings of our workshops suggested the development
of a soft orthosis, we focused on techniques that do not require
rigid structures. On the basis of existing research in the field of
softrobotics and softrobotic orthoses [2,4,5,11,14,17,19], we aimed
to adapt certain functional principles to our specific use case:
Overhead work during assembly jobs. In this early stage of the
design process we started to experiment with different techniques
and materials to find opportunities to move shoulder, arm, hand
or fingers according to the movements we identified in the work-
shops for the given use case. As a reflection and adaption of our
research results, we created what we called “functional samples”

(fig. 15-20).

We used low budget materials to build early prototypes that
allowed us to experience certain working principles on our own
body. In this way, we were able to roughly examine the following
aspects, among others, for each sample: How could it feel to be
moved by such a system? How much force could be exerted on

the body?

The samples not only helped us to understand certain func-
tional approaches and to transfer them to our specific use case,
they also made them visually, haptically and to a certain extent
acoustically experienceable. This made them an important tool
for communicating ideas to team members and project partners.
It certainly could have been well suited for an evaluation and
discussion of subfunctions with potential users. Due to organisa-
tional difficulties, we were unable to do so, but we consider this
to be an important question for further research as to whether
and to what extent such feedback could have provided valuable
insights at that early stage.

Since the two pneumatic samples fig. 17 and 20 provided very
inspiring and well-functioning results, we decided to continue
working on these principles.

RIGHTSE LI MN iy

This functional model was used to
reproduce movements of the upper
extremity by means of traction
ropes: Elbow flexion, pronation,
supination, flexion and extension
of the wrist (fig. 15), as well as
gripping movements of the fingers
(fig. 16).

Fig. 18

The principle of fig. 17 was exten-
ded by additional air chambers as
levers for better force transmission.
Our sample withstood little pres-
sure due to limited manufacturing
possibilities and was therefore not
very effective. Better manufactu-
ring processes could have led to
very interesting results.

TEI 20, February 9-12, 2020, Sydney, NSW, Australia

Fig. 16

Reproducing finger movements:

This technique could be well

suited for the actuation of the
fingers, as it has little volume.

Fig. 19

Functional sample of an artificial
muscle, pneumatically operated.
Exploration of how pneumatic

elements could be placed to realise
different hand movements (dorsal

extension, ulnar abduction). Size
and position of the pneumatic
element correlate with the range
of motion.

Fig. 17

Pneumatic sample based on the
principle of bellows, made of a
bicycle tube incorporated into a
two-layer textile (rigid bottom
layer, stretchable top layer). It
bends the arm with high power
when inflated. Sample served as
basis for the final elbow concept.

Fig. 20

Pneumatic sample made of two bi-
cycle tubes and a two-layer textile
shell (rigid bottom layer, stretchable
top layer): One tube serves as dy-
namic air chamber and is inflated
to lift the arm. The other one is
constantly filled with air and serves
as static air chamber to ensure firm
positioning on the body.
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In the case of the elbow support, we started experimenting with

different materials following the functional principle of the /
sample shown in fig. 17. An example with foil (fig. 18) led to poor

results due to the limited manufacturing possibilities. A second

approach with silicone provided very promising results.

We derived the following findings from sample fig. 17 and fig. 18:

« In addition to the shape of the construction, the two-layer prin- Fig 21
ciple contributes significantly to the functionality. The different
elastic layers increase the bending of the actuator.

« Support elements on the upper and lower arm increase leverage.

In order to combine the two-layer principle with the silicone
body, a inelastic textile was embedded into the bottom layer of
the silicone actuator during the process. We experimented with = ‘\\
different shore hardnesses and wall thicknesses as well as exterior - -
shapes of the actuator and shapes for air chambers (fig. 21-22). N

The actuator shown in fig 23. was finally able to bend the arm.

Fig. 22 Fig. 23
In case of the shoulder support, the challenge was to design a 5 -

system that adapts well to the body, allows as much freedom of Silicone actuators: Different Result: Wearable elbow actuator consisting of a silicone body and solid
movement as possible, supports upward and forward movements shapes, air chamber parameters support elements, capable of flexing an arm when inflated.

of the arm and distributes the forces well over the whole body. In  and wall thicknesses were tested.
a first step we developed a mockup directly on a dummy (fig. 24),

to get an idea of the dimensions and possible positions of techni-

cal components and of the fastening possibilities on the body.

From the sample fig. 20 we derived the following findings:
« A combination of static and dynamic air chambers improves the
mechanism of action and supports stable attachment to the body.

« Two dynamic chambers (instead of one continuous one) allow
more freedom of movement for the arm.

« The two-layer principle is essential for the performance of the
actuator.

« The positioning and attachment of the actuator to the upper
arm and upper body are crucial to achieve optimum leverage.

Fastening to the arm is a challenge due to volume changes
when inflated and deflated. Flexible fastening is important.

Based on these findings and the mock-up (fig. 24), we started
developing and designing a first prototype for shoulder support
made of a two-layer textile and bicycle tubes. Several iterations fi-
nally led to a working prototype which was at this stage operated ~ Mock-up of a wearable pneumatic ~ Result: Wearable prototype of pneumatic shoulder support, at this stage

manually with an air pump (fig. 25). support system. operated manually with an air pump, capable of lifting up an arm when
inflated.

Fig. 25 i
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THE BODY AS
WORKING AREA

Based on the design conside-
rations derived from the work-
shops, the project team agreed
on the construction of an
entirely mobile system with
compressed air supply. After the
development of the actuators,
the next step was to integrate
the necessary technology for
an adaptive control system. As
a basis, we got a technical con-
struction plan from our techni-
cal partner. In several iterations
we developed a concept for

the placement of the technical
components on the body, the

el Hauptschaiter.-
Gehiuse

so-called “back module”. Placement of the valves and control unit in the Placement of valves on the back. Compressed Separation of valves and compressed air cylin-

waist area: Too little space left for the battery air bottle (and battery) placed in the middle of der into two layers: Technical level underneath
The human body with its ana- pack. the body to prevent one-sided loads. Com- and easily accessible compressed air bottle in
tomical attributes offers a fairly pressed air bottle collides with valves. pocket above.

strict defined working area.
Especially for the design of the
back module, this aspect played
an important role: All technical
components (i.a. control unit,
valves, power supply, com-
pressed air storage, sensors) had
to be placed in a very limited
space without restricting the
user or creating an unpleasant
wearing sensation. For that
purpose we set up a wearable
mock-up with all components
either in the original or as
volume models with realistic
weight. In cooperation with
other project partners, the com-
ponents were attached to the
body in various constellations

tf’ find the most SUitE_ibIe solu- Conception of the compressed air supply at the  Layout of power and data cables, elaborated Final concept of the back module: Technology

tion. Some steps are illustrated  back. Tubes run from the back of the shoulder together with project partners. All components is compactly packaged and the compressed air

in the pictures (fig. 26-31). to the arm. are later sewn invisibly into the textile. bottle stowed in second, easily accessible layer.
872
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Elbow actuator
Shoulder actuator

B Back module

Compressed air bottle
is easily accessible and
can be exchanged by
the user

Valves and other tech-
nical components are
accessible on the 2nd
level through a zipper

Battery pack can be
exchanged easily by
the user

Fig. 32
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The Demonstrator

As one result of the research project and in cooperation with the
involved partners, a working demonstrator of the assistive soft ro-
botic system was build (fig. 32). Due to workplace-related require-
ments, the mobility and wearability of the system on the body
played a particulary important role in the development process.
As a result, the developed system does not require any external
power or air supply.

Static air chambers for
force transmission

Dynamic air chamber

/ bends the elbow

Dynamic air chambers

to lift up the arm

Static air chambers to
stabilise the dynamic
chambers and the torso

\ 1
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EXPERIENCING AND EVALUATING THROUGH THE BODY

The human body is a highly complex instrument of perception
[10]. Body perception played an important role in the evalua-
tion of the Power Grasp system with potential users: External
perception of physical origin (e.g. how does the system feel, is it
comfortable to wear, does it allow enough freedom to move?) as
well as inner perception (e.g. how do | feel about wearing it? Do |
feel strong, does it stigmatize me, do | perhaps even feel inferior
because | need support?). To evaluate the system, we conducted
workshops with five people, three of whom were working at the
assembly line of a large automobile manufacturer. The partici-
pants first had time to try out the working system and “think
aloud”. They were then asked to express their feelings about

the system. To facilitate this, the participants got a coloured
scale from positive to negative and a set of cards with keywords
derived from the workshop results (fig. 34). The keywords refer
to dimensions of usability and acceptance (e.g. wearing com-
fort, freedom of movement, security or everyday suitability). By
arranging the terms on the scale according to their perception,
the participants evaluated different attributes of the system. The
scale was primarily intended to promote reflection on the subject
and to encourage participants to relate and compare terms rather
than to serve as a quantitative evaluation. Most insights were
gained from the conversation and the “thinking aloud” during the
sorting process. The evaluation revealed a strong need for power
assistance during assembly work. All participants could imagine
to wear the system at their workplace. Nevertheless, the evalua-
tion revealed a number of points which still need to be optimised
in order to allow adequate use of the system.

- v ot

Fig. 33: Workshop pre-test with team members to improve study concept.
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Fig. 34: A participant evaluating
different attributes of the system
by arranging UX-related terms on
a scale while “thinking aloud”.

RIGHTSE LI MN iy

Nevertheless, the evaluation revealed a number of points which
still need to be optimised in order to allow adequate use of the
system. Especially in case of wearing comfort and freedom of
movement the participants expressed concerns regarding adapt-
ability to different sizes and body shapes, pressure on the arm
and freedom of movement above head level.

Design consideration: The system is separated into a hip belt and

a shoulder actuator that can be moved and secured on the belt to

achieve a more flexible adaptation to different body shapes.

Unfortunately, we could not conduct the evaluation at the work-
place and instead did so in an office environment. A test in the
real environment would certainly have led to further interesting
insights.

DISCUSSION

We used the body in various ways within different stages of the
project. Especially in communication, whether with workshop
participants to communicate ideas and thoughts, or to com-
municate with project partners, this approach proved to be very
valuable. With the bodystorming toolkit we proposed a tool to
enable participants to reflect on the topic and to express their
needs, feelings and ideas freely. In the literature, different ap-
proaches to bodystorming can be found. Qulasvirta et al. [12]
describe bodystorming as a roleplay to represent the situation or
action for which is being designed. Schleicher et al. [16] describe
a bodystorming method in which an idea is tested in a repli-
cated environment, and the method of “embodied sketching” as
a group activity for collaborative thinking and envisioning by
enacting a scenario. Segura et. al. [9] propose “embodied sketch-
ing” as a bodystorming method that supports idea generation
when designing for bodily experiences. They describe a co-design
session with users, mainly focused on non-technical aspects such
as socio-spatial arrangements. We see our approach somewhere
in between the aforementioned methods: Unlike the above, our
workshops focused more on the individual and were conducted
as individual sessions to ensure that participants feel comfortable
talking freely about their personal considerations. The partici-
pants did not perform a“role”, but were supposed to reenact their
own workflow in order to become aware of their movements and
bodies. At the same time, they were asked to actively express
their needs and visions with the toolkit. Besides aspects such as
acceptance and user experience, our approach also specifically
addresses technical aspects.
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The use case in automotive manufacturing made it difficult to
carry out the workshops at the respective workplace, as this is not
possible for organisational reasons during ongoing production.
However, in order to achieve specific use case related results, it
might have been useful to roughly replicate the workplace, as sug-
gested in [12], in order to help participants put themselves in the
situation. This applies to both the bodystorming and the evalua-
tion workshops.

The creation of early mock-ups was a helpful tool to quickly
understand functional principles and to test initial ideas. It would
have been interesting to test these samples with potential users to
see how they are perceived.

CONCLUSION

In the development of wearable systems, a strong focus on the hu-
man body and its diverse abilities can make an enriching contri-
bution to the design process. Summarising our findings, we would
like to point out the following possibilities and advantages of
involving the body and its abilities in the different project phases:

« User Research: Enabling participants to express and commu-
nicate thoughts, feelings and visions through bodystorming.
Accessing knowlegde of participants.

« Ideation: Understanding functionalities and quickly developing
and testing ideas by creating functional samples. Communica-
ting ideas to team members and project partners.

« Creation: Receiving direct feedback about physical characteris-
tics (e.g. functionality, dimensions or placement) through one’s
own body perception when prototyping on the body.

« Evaluation: Evaluating through external body perceptions (e.g.
wearing comfort, appearance) as well as internal perceptions
(e.g. how do | feel about wearing it?)
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