
ABSTRACT
This pictorial presents a design exploration of On-Skin Interfaces 
for recreational running. By integrating principles of interaction 
design, art and psychology, we explore the design of unconventional 
interfaces that facilitate the intuitive understanding of biofeedback and 
physiological-related information. We explored how principles from 
agency and bodily ownership can be applied in the design of sport-
related wearables. Through our embodied prototyping journey, we 
gained insights on the implications of using the skin as an interactive 
design material. We focused on diverse materiality explorations to 
uncover and highlight the possibilities and challenges of materializing 
both functional and appealing On-Skin Interfaces. We synthesize 
and reflect on our theoretical and practical explorations and deliver 
actionable insights for this growing field of bodily and unconventional 
interfaces.        
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ON-SKIN INTERFACES: THE HUMAN SKIN AS AN 
INTERACTIVE SUBSTRATE
As the outermost layer of our body, the human skin 
offers possibilities to explore unconventional and novel 
interactive systems and modalities [16, 20, 42]. Due to 
the skin’s intrinsic properties and the advances of the 
wearable technology, on-skin interfaces (OSI) have 
gained attention in the field of HCI [20]. With the aim 
of making the human body “smarter” and augmented 
[20, 33, 42], OSI endow new abilities and features into 
the human body and enable it to overcome its organic 
limitations [33]. Hence, unlike add-on-and-off devices, 
OSI offer the possibility to be worn as a body part, bodily 
embedded system or prosthetic device. Despite the 
increasing attention from the design and HCI community 
to this research topic, there are diverse challenges that 
limit the development and implementation of OSI in 
real-life contexts. While several projects have focused 
on the development of skin-like interfaces, it is still very 
difficult to develop OSI systems that are robust enough 
to be deployed and scaled up to mass production and the 
consumer market.

DESIGNING OSI
Using the human skin as a mean of interaction differs 
significantly from more conventional interfaces [20, 33, 
34, 42], not only in terms of its geometry but also in 
its primary function and possible interaction modalities 
[33]. As the boundaries between the human body and 
technology fade and overlap, the way people interact 
with wearable computing technology, with themselves 
and with the environment reshapes [34]. As OSI 
reshape the boundaries of the body, they call for novel 
Interaction Design practices [20, 31, 33 41, 42].  Thus, 
some of the existing design principles for user interfaces 
must be questioned and adjusted before being applied 
to the design of OSI, as these do not account for OSI’s 
unique physical and psychological characteristics [20, 
31, 33]. Due to the integration of OSI into the human 
body, one interesting direction to explore their intrinsic 
advantages and differences over other type of interfaces, 

is to address their potential association with a higher 
bodily self-consciousness. Such association might be 
possible by exploring the OSI’s capability of eliciting 
the feeling of body ownership through on-skin feedback 
as an illusory body continuity mechanism [7]. Body 
ownership refers to the feeling that the body “is mine” 
[16, 23]. Human bodily experience is characterized by 
the immediate and continuous feeling that the body, 
its parts, and its sensations belong to oneself [2, 8, 22, 
39]. Body continuity refers to the perception of bodily 
integrity. For instance, when we look to our hands, we 
rarely doubt whether they are part of our body or not, 
and therefore, we do not question the continuity and 
sense of ownership of our bodies. This could transform 
the way users interact with computing devices, and more 
interestingly, how people interact with themselves [2]. 
Even though these framing is grounded on psychological 
principles, the design and execution of OSI can influence 
and be directly influenced by this theoretical approach. 
The materiality, appearance and aesthetic characteristic 
of OSI might be relevant factors to develop illusory body 
continuity mechanisms that blend within one’s body and 
senses. From a design-oriented perspective, the principle 
of continuity in Gestalt theory [39], and the potential of 
creating a more humanized technological future for more 
engaging and bodily experiences proposed by Muller et, 
al. [25] intersect and support the design of OSI. 

OSI FOR RECREATIONAL RUNNING
Although this pictorial compiles our material and 
explorative design process of OSI, our journey is framed 
within the context of wearables for recreational running. 
Recreational runners make extensive use of wearable 
devices such as sport watches, fitness trackers, or 
specialized on-body sensors to monitor their performance 
and health. Most of these wearable systems integrate 
conventional interfaces, such as (touch) screens, knobs 
and buttons. Hence, the user interaction occurs as an 
out-of-the-body-process. The interface itself, as an 
external source of information, defines the boundaries 
between the user’s body and the device. It represents in 
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an extrinsic fashion the relationship between the actions 
performed by the user and the information delivered 
by the system and relies on the cognitive skills of the 
users for its interpretation [7, 28]. This is the way we 
interact with most existing computing devices, such as 
smartphones, tablets, or wearables. In contrast, with OSI, 
user interactions occur as an intrinsic bodily process, 
overlapping the human body with wearable technology. 
The embodiment of such interfaces allows the users to 
use their bodies as augmented and interactive computing 
devices, relying on their perceptual and bodily senses. 
Removable tattoos to control computing devices [18, 34, 
40], electric shock (EMS) as feedback mechanisms [10, 
25, 40] or biosensors injected into the skin to detect inner 
body composition [1] are some examples of OSI. By 
translating these insights into wearables for recreational 
running and sports, we envisioned the potential of 
offering different and perhaps better ways to represent 
and interact with bodily-related data and feedback. As 
OSI transform the skin into an interactive substrate and 
are intended to blend seamlessly with the body, they 
might deliver more intuitive and meaningful feedback 
to support recreational athletes to better understand their 
body and physiological data. We conducted a research-
through-design process to investigate these aspects. In 
this pictorial, we report on our explorative process to 
design OSI for sports applications.  

Tangible and Bodily Prototypes
Due to OSI’s nature, the design process of such 
artefacts requires a tangible and embodied approach that 
goes “beyond screens and is, embodied, situated and 
connected” [35]. To investigate such topics, researchers 
have explored the value of the first-person perspective 
[4, 11, 26], and proposed practices and frameworks 
for observing and documenting these experiences in 
ourselves and others [4, 21, 24, 38]. Previous work also 
introduces methods and techniques for creating bodily 
designs [4, 15,  36] and provided examples of designing 
and crafting wearable technologies [14, 15, 4, 12, 14, 15, 

30]. Yet, the prototyping phase is commonly discussed 
from a higher-level perspective or not mentioned as a 
core element of the design research. In this pictorial, 
we build on the work of Tomico et al. (2016) [35], who 
call for a “[migration of] the design process from the 
technological oriented board to a full immersion into the 
design context” [35] and on the design and crafting of 
design research artifacts that reflect on the crafting of 
unconventional, critical and bodily technologies [19, 27, 
32]. We invite the readers to walk through an in-depth 
visual report of our prototyping process for On-Skin 
Interfaces. We describe examples of techniques we used 
and reflect on the insights obtained during a rich set of 
experiences exploring the realm of On-Skin Interfaces, 
their materiality, interaction and feedback modalities, 
usability and prospective applications within the context 
of recreational running and sports. This approach 
enabled us to test and iterate concepts of OSI meant 
to be worn while running. We generated insights on 
how to design, implement and further develop On-Skin 
Interfaces, while addressing these two initial questions: 
(1) how to implement bodily-specific features to design 
On-Skin Interfaces, and (2) how, in prospective use 
scenarios, On-Skin Interfaces would influence the sense 
of bodily data ownership.

OUR DESIGN JOURNEY: AN ON-SKIN IMMERSION
Throughout the crafting process, we kept track of our 
prototyping stages and insights through extensive photo 
and video documentation and reflexive writing of blog 
articles and progress presentations. We synthesized 
this data around main topics. Therefore, the methods 
and exploration stages presented are not perfectly 
chronological or a one-to-one recounting yet act as 
exemplars of techniques used.

Crafting On-Skin Interfaces: 
An Embodied Prototyping Journey

(Process Overview)

First-Person Perspective 
an Embodied Point 
of View Approach

Empathizing with On-Skin practices 
Obtaining insights on tattooing 
rituals and on-skin interventions

Contextualizing 
Envisioning On-Skin Interfaces in 

the context of recreational running

Design Principles 
Framing our research-through-design 

exploration based on initial insights 

Ideation 
Sketching to translate design 

principles into design concepts through 

Materiality Exploration 
Prototyping OSI design concepts

OSI for Runners 
Preliminar OSI design deployed in the field

Reflections 
Learnings, contribution 

and future of OSI
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FIRST-PERSON EXPERIENCES 
In early stages of the research process, we conducted 
several bodily experiments and crafted prototypes 
to investigate the complex topic of OSI through an 
immersive hands-on and embodied approach. Our 
goal was to explore different aspects linked to OSI and 
wearables for recreational running from a first-person 
perspective, enabling us to gain knowledge and insights 
to foreground our design process.

Visualizing Self-Related Data on the Skin. To approach 
the design process from an embodied point of view, we 
crafted stickers made of a biocompatible adhesive mem-
brane. These stickers were designed to track different 
daily activities, e.g., daily water intake or weekly train-
ing sessions (green dots marked executed training ses-
sions or consumed water). The idea was to explore ways 
of visualizing “dynamic” personal data on the body. As 
a first-person perspective exercise, we gained insights on 
the social and personal implications of displaying data 
on the skin. People were intrigued by the purpose of the 
stickers, recurringly asking about their meaning. We re-
lated this to the following factors: (1) the stickers were 
located on visible, uncovered and meaningful body spots 
such as the forearms and wrists [3], (2) unlike traditional 

tattoos, these had extremely vivid colors, creating a high 
contrast with the skin tone, (3) the graphics changed over 
time, introducing new shapes, patterns and colors, and 
(4) the graphics did not represent data in a literal fash-
ion. Making public and constantly visible (by oneself and 
others) self-related data such as training habits and water 
intake, increased the awareness on those topics.

Tattooing, an Empathizing Exercise. Following our 
interest to learn more about the nature of the skin as a 
physical material and the tattooing as a practice to trans-
form it, we conducted a first-person exploration with a 
tattoo artist and one of his clients. Inspired by the work 
of Eschler et al. [6] on the psychological impact of can-
cer survivor tattoos, we aimed to learn about the semi-
otics within the tattoo practice, the ritual that frames it, 
and the implications of displaying sensitive and private 
data on the skin as a public interface. We conducted a 
co-creation session involving a tattoo artist and a client 
volunteer, who together with us designed and executed 
a tattoo on the skin of the client. Following the insights 
of Escher et, al. (2018), the tattoo design was meant to 
represent a meaningful life experience for the tattooed. 
The volunteer was asked to write a short story about an 

important moment of his life. He could then decide to 
get the text literally written on the skin, or an abstract 
representation of it. The participant chose the latter, so 
the text would not be understood by others. Being part 
of its design and realization process, we better grasped 
the intimacy a tattoo represents for both the tattoo art-
ist and the tattooed. It also gave us the actual feeling of 
permanently modifying someone’s body, triggering dif-
ferent feelings: the empathy to see the volunteer in pain 
and the stress realizing that there is no room for mistakes 
outlined the delicacy involved into a body transformation 
process. Furthermore, a tattoo embodies and physicalizes 
emotional and meaningful experiences in the form of a 
code understandable only by the tattoo artist and the tat-
tooed and  open for external interpretation. Through this 
immersion, we learned that the skin is a very delicate, 
valuable and sensible material that must be treated with 
care and precaution. Placing elements on the skin goes 
beyond wearability factors, and it entails a very intimate 
perception and interaction with this element. People 
might not want to place anything on their skin, but ele-
ments with meaningful and actual value for themselves.  

Brisa en nuestra tes, 

Firmamento gris, celeste nos irradia

Hermanos, unidos, siempre uno

Elocéano que nos baña

Es el mismo que nos separa” (written 

text)

Counting executed training sessions Monitoring daily water intake The tattoo artist used a method based on 
Morse code, which uses letter counting and 

word size to transform written text into a 
circular pattern.
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Sensing Insole and KneeIMPACT. To stay close to the 
topic of recreational running and bridge the technologi-
cal aspect of OSI with the intended application area, we 
conducted a short exploration on running-related wear-
ables and systems to monitor running technique. We pro-
totyped an insole equipped with force-sensitive resistors 
to measure foot strike during a running routine. The goal 
of these exercise was to obtain knowledge on the pos-
sibilities to transform sensor-generated data into action-
able insights to support recreational to run better. These 
insights would be implemented into the design of a low 
fidelity but functional On-Skin Interface.  

We implemented the force-sensitive resistors insole to 
measure foot strike and to display it on the body. The 
foot strike defines which section of the foot strikes 

the ground first: the frontal part of the foot (forefoot 
strike), the arc of the foot (middle-foot strike), or the 
heel (rear-foot strike). According to previous work [5, 
9], landing on the front part of the foot represents less 
knee impact than middle-foot or rear-foot strikes. Our 
objective was not to validate such findings but to use 
them as a research-through design scenario. Although 
the running impact point happens on the feet, such 
impact is distributed to different parts of the body. 
In this exercise, we thus wanted to deliver on-bodied 
feedback on the knee impact according to the type of 
foot strike. We embedded led lights and conductive 
ink into a custom-made silicon patch. We used this 
system during several running sessions. It felt useful 
to visualize impact-related data on the affected area. 
Displaying data directly on the body location has the 
potential to directly link the actions performed by the 

users, and their effect on the human body, hence their 
understanding and meaning. It however did not help 
much to improve the running technique, mostly due to 
the limitation of looking at the patch during running. 
Furthermore, this low fidelity OSI did not fully feel like 
a skin-like interface but a wearable device. Hence, the 
materiality and feedback mechanisms implemented in 
OSI must resemble organic and bodily principles that 
allow them to blend into the human. Another insight was 
that on-skin interfaces might implement more than one 
feedback modality and rely on more than one sense to 
overcome the accessibility limitations inherent to the 
shape of the body and on-body location. 

Arduino 
mini

Silicone patch

Force 
sensitive 
sole

Insole system to measure foot strike

After the run the patch lights up, indicating 
that the knee needs to recover. The light fades 
away until it is ready to train again.

During the run, colors are use to indicate the 
knee impact force according to the landing 
strike
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The first-person explorations around personal data 
representation through OSI, tattooing and OSI applied 
to the context of wearables for running, gave us a 
holistic view of the elements composing the topic of 
OSI for sports. The fact that people tend to encrypt and 
not to make (fully) explicit the meaning of a tattoo is 
an important element to be considered into the design 

of OSI. We propose that to succeed on developing a 
convincing, useful and appealing OSI, the gap between 
artificial and organic materiality and data representation 
must be bridged. To implement OSI in the context of 
recreational running, a balance between body location 
and accessibility for peripheral and direct interaction 
must be considered. Providing feedback on the part of 

the body that is impacted (e.g. knee impact resulting 
from the foot strike technique), as compared to an 
external non embodied interface, is an opportunity for 
design. According to this, we defined four initial design 
principles to frame our process and future exploration.

The skin can be considered as a public 
interface. When designing OSI, access 
to the personal related information 
to the people in the vicinity must be 
restricted while being understandable 
and meaningful for the users themselves. 
While open for interpretation, On-Skin 
Interfaces must keep their actual meaning 
private, only fully understandable for the 
user who “wears” it. 

Alike “conventional” wearable devices, 
On-Skin Interfaces must be easy to 
understand and reach by the users. As the 
skin offers a myriad of body locations to 
install OSI for in-situ data representation, 
access and reachability must not be 
compromised

Translating the properties of skin 
reactions such as skin bruises could 
enable On-Skin Interfaces to blend and 
be fully integrated within the human 
body. To be able to blend with the human 
body and to elicit an illusory feeling 
of body continuity, OSI must mimic 
the appearance, feeling, behavior and 
sensorial and physical properties of the 
human skin.

Imagine a wearable interface using 
artificial sweating to provide feedback and 
bodily-related information to the users. 
This might open opportunities for richer 
and more intuitive interaction modalities.
OSI must resemble and be inspired by 
the human body and its amazing sensing 
capabilities, responsive materials, and 
advanced organic mechanisms that 
offer intuitive, embodied and efficient 
feedback, experiences and interactions.

INITIAL DESIGN PRINCIPLES

Meaningfulness and Privacy Accessibility and Placement Skin’s Kinship Bodily relatedness
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SKETCHING DESIGN CONCEPTS
Using our initial design principles, we ideated to design 
an On-Skin Interface able to represent biofeedback by 
mimicking bodily feedback mechanisms. For this, we 
sketched ideas that integrate elements of our four design 
principles within a single design. Sketching allowed 
us to overcome the technical and physical limitations 

of prototyping On-Skin Interfaces and to visualize 
a diverse set of design concepts within the context of 
recreational running. To keep the context of recreational 
running at the center of our exploration, the sketching 
exercise focused on sketching running human bodies, so 
the proposed concepts could be easily evaluated. This 

helped us to visualize possible shapes and relevant body 
locations for the OSI. Through the sketching explorations 
we aimed to define the best balance between form, 
feeling and location to represent bodily and running-
related data directly on the skin of the users.

BRUISE-LIKE MEMBRANE
COLOR-CHANGING INTERFACE TO DISPLAY HIGH       

STRESS AND RISK OF INJURIES

ELECTRIC NODES
ELECTRODES TO INDUCED 
CRAMPS BEFORE THEY HAPPEN

PREVENT BY UNCOMFORTABLE 
FEEDBACK

RESPONSIVE 
MEMBRANE

VISUALIZING THE RECOVERY 
STATUS AND STRESS ON 

EVERY BODY SPOT

*IMPROVED TECHINIQUE AND 
TRAINING ADJUSMENT

FADING TATTOOS
TATTOOS TAHT APPEAR 
WHEN THE FULL RECOVERY 
CYCLE IS ACHIEVED

BIO-HACKING
STIMULATING THE MUSCLES 
TO MOVE DIFFERENTLY, AU-
TOMATICALLY CHANGING RUN-
NING FORM AND TECHNIQUE

USE FUILS SUSCH AS BLOOD AND SWEAT AS INSPIRA-
TION FOR INCONVENTIONAL BODY-LIKE FEEDBACK :)

DISPLAY HEART RATE 
- INTENSITY

COLOR-CHANGING 
TATTOOS
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We used the insights from the sketching stage to inform 
the prototyping and materialization phase. For this, we 
defined two design concepts that compiled the most 
relevant aspects of the sketches. 

Color-Changing and Haptic Sensations

The first concept was focused on using color changing 
and haptic sensation as two of the most recognizable 
skin-related feeling and feedback on external or internal 
bodily reactions and processes. We used a laser cut 
piece of EonTex Conductive fabric impregnated with 
thermochromic ink and encapsulated into two layers 
of transparent polyurathane and hypoallergenic acrylic 
glue. Due to the electric resistance of the EonTex, once 
electricity was applied to it, its fiber’s temperature 
increased to reveal the shape of a heart hidden into the 
shape of the patch. The patch also produced a tickling-
like sensation on the skin, caused by the transference 
of micro-electric shocks through the adhesive film. The 
patch was controlled using heart-rate signal, as a basic 
and effective way to measure running intensity. While 
simple in terms of materiality and implementation, 

the combination of these materials was surprisingly 
effective, accessible and attractive to prototype quick 
but functional OSI. Both materials are versatile, durable 
to torsion and deformation. Similar to the findings of  
Pohl & Hornbæk (2018) [28], the tickling sensation does 
a good job resembling skin and body’s own dynamic 
feedback mechanisms.  Yet, there are several limitations 
in terms of usability and safety. Sweat or water could 
either damage the components or alter their electrical 
properties. This could lead to major skin irritations 
and discomfort. It also requires a substantial power 
supply to work properly, limiting its use in the context 
of recreational running. The reaction time of the Eon 
Tex is rather slow and the thermochromic ink might be 
activated by external or internal factors such as weather 
or body temperature. This hinders the representation 
of real-time data, ideal to support runners on the go. 
Nevertheless, we produced meaningful insights for the 
next steps of our exploration and implemented by other 
researchers and designers interested in OSI.  

MATERIALITY EXPLORATION
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Feeling and Visualizing Fluid-Related Reactions

Inspired by the bodily fluid reactions such as sweat, blood and fluid 
swelling, we developed a patch able to use water-based liquids to 
display visual information and/or deliver a haptic sensation on the 
skin. We used layers of the same skin-friendly film used in the previous 
design and replaced the conductive membrane with absorbing, 
hydrochronic and screen-printed materials. The first prototype was a 
hydrochromic patch revealing a hidden pattern when in contact with 
a water-based fluid. The idea was to use the sweat coming out from 
the skin to activate the hydrochromic ink on the patch. The patch was 
tested during a long-distance indoor run by one of the researchers, 
who had experience with this type of exercise. To be as less intrusive 
as possible while easing visual access, the patch was placed on the 
forearm of the runner. The patch worked as expected, yet it took longer 
to get the patch fully wet, because the sweat was difficult to capture. 
This idea of using fluids nonetheless captured our interest as a very 
unconventional artificial feedback mechanism that is very common 
in nature. As the excess of sweat might be a cause of dehydration and 
high temperatures, this patch could be used during running events to 
remind runners to stay hydrated.

To overcome the challenges of capturing the sweat, we explored the 
idea of injecting liquid from an external source. We encapsulated 
absorbent materials such as thin felt and non-woven fibers into 
different skin-friendly sleeves. We injected a colored solution to the 
patches to test their absorbing, drying, and feeling properties. The 
sensation created by the liquid absorbed by the patch attached to the 
skin was very different compared to conventional haptics, such as 
pressure, touch, or vibration. As the dry patch was barely noticeable 
on the skin, the feeling created when the patch was getting wet was 
more like a bodily reaction than an external stimulus. The difference 
in temperature together with feeling the liquid flowing and making 
the patch heavier created a very organic and noticeable sensation.  
Interestingly, when the patch was full of liquid, it started to leak. 
Although this was an accident, the feeling of having liquid pouring 
out of the skin is alarming, uncomfortable, and could be compared 
to an external hemorrhage or wound. Yet, injecting liquid in the 
patch limits its interrupted use, increases its technical complexity, 
and hinders its seamless properties. This type of feedback could be 
implemented as an early warning mechanism, to alert runners of 
potential bodily damage or injury caused by, for instance, excessive 
effort or physical stress.

Patch made of encapsulated 
absorbing material into different 

skin-friendly layers.

Injecting liquid into an 
absorbent patch to mimic 
bodily fluids

Prototype of a 
hydrochromic patch 

Testing absorbing properties 
of different materials
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ON-SKIN INTERFACES FOR RECREATIONAL RUNNING
The previous prototyping activities informed our final 
OSI design. For this iteration, we merged the color-
changing and fluid properties from our materiality 
exploration into a one single OSI. We found in these 
two ways of materializing information, relevant and 
interesting elements to be implemented within the 
context of OSI for sports and recreational running. They 
also match the design requirements outlined by the four 
design principles formulated at the beginning of our 
prototyping journey. To create the OSI for recreational 
running, we created a hydrochromic and absorbing patch, 
able to deliver visual and haptic feedback. We screen-
printed a geometric pattern on a piece of thin white felt 
and cover it with hydrochromic ink. We encapsulated 
all these components into a sleeve made of transparent 
polyutherane and hypoallergenic acrylic glue. To inject 
the water to the patch, we made a water pump, actuated 
by a servo motor controlled by an Arduino board. We 

implemented the KneeIMPACT insole to measure 
foot-strike and activate the system. Two milliliters 
of water were injected into the patch when the insole 
measured continuous rear-foot strike for more than 
five consecutive minutes and continued injecting two 
milliliters every minute until the running technique was 
adjusted. The patch was designed to be attached close or 
next to the runner’s knee in a vertical position. This to 
not interfere with the natural movement of the joint and 
to use gravity to control the flow direction of the water. 
The pattern printed used red dots that increased in size to 
convey higher impact. The dots were gradually revealed, 
from top to bottom, by the accumulation of water inside 
the absorbing material was enough to activate the 
hydrochromic layer covering the pattern. 

Although we knew displaying visual cues on a 
runner’s knee might not be efficient and perhaps 

Mock-up 
envisioning a 
smaller version 
of the water 

Manual                                        
water dispenser 

Tubbing 

Patch 
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counterproductive, the aim of the dots was to reveal a 
pattern for the after running. This pattern could be used 
as an artificial bruise and early-warning mechanism, 
that combined with the watery feeling could inform the 
runner of the need of having proper rest and work on 
improving their running technique. Moreover, as the 
patch dries the pattern disapears, informing the user of 
the current status of the body and the interface itself. 

Running with OSI

Once all the components of the system were working, 
we implemented them in the real context of use. One of 
the researchers wore the device during a full marathon 
event (42.2 km). As controlling the water pump was 
not safe, convenient and rather intrusive, we created a 
smaller version of the pump and connected the dispenser 
to the KneeIMPACT insole developed in the earlier 
stages of our prototyping journey. The KneeIMPACT 
implemented the same criteria previously described 
to measure foot-strike to activate the system. Thus, 
two milliliters of water were injected into the patch 
when the insole measured continuous rear-foot strike 
for more than five consecutive minutes and continued 
injecting two milliliters every minute until the running 
technique was adjusted. Besides the tube to inject the 
water into the patch and the extra weight of the water 
pump stored in the runner’s hip pack, the patch was 
reported to be comfortable and not intrusive. Yet, the 
system was not triggered even once before the first 30 
kilometers. This was most likely caused by the neutral 
technique of the runner. After the 35th kilometer, the 
system was trigger intermittently until the end of the 
race, probably due to the deterioration of the running 
technique caused by fatigue and exhaustion. The 
runner reported the patch to be clearly noticeable when 
it started to get wet and heavier, indicating the need of 
adjusting the running technique. The feeling produced 
by the patch was reported to be very similar to the 
feeling of sweating and getting blisters yet without the 
pain. The runner reported that the patch did a good job 

notifying the need of improving the running technique. 
Yet, by the last kilometers of the race, the runner did 
not feel the patch anymore. As it was a warm day, the 
water in the patch got both dry and acclimatized very 
quickly. Furthermore, the constant impact and vibration 
of the legs might have decreased the noticeability of 
the patch. Finally, the exhaustion and pain narrowed 
the focus of attention of the runner, where the patch 
was not a prioroty anymore but finishing the race. 

During the running event, the patch exhibited the 
potential to be used by recreational runners, ideally 
running shorter distances. Although we used the 
system to monitor and represent foot-strike-related 
information, OSI are versatile devices that can easily 
be placed and accommodated on any spot of the skin 
and body shapes. Hence, OSI have the potential to be 
implemented in different sports scenarios and display 
any type of context-specific information. During our 
prototyping journey, we approached the design of OSI 
in a fully embodied fashion, learning directly from the 
practice and contact with the materials and body. During 
this process, we implemented four design principles to 
foreground our prototypes and explorations. While we 
do not propose these design principles as the ultimate 
principles for the design of OSI, we consider them 
relevant now of designing on-bodied systems aimed to 
represent self-related data.
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Studying wearability through first-person 
experiences

In our design journey, we adopted a first-person 
perspective inspired by the work of Tomico et al., who 
call for a “[migration of] the design process from the 
technological oriented board to a full immersion into 
the design context”. Using our own bodily experiences 
and senses helped us to gain insights on the challenging 
topic of OSI and to use their sensorial and material 
properties as a creative material for design. Exploring 
embodied practices and values related to the skin in a 
broader context than the one of recreational running was 
also insightful. For instance, working with a tattoo artist 
allowed us to better understand the factors that underline 
the skin modification and marking as a sublime and 
intimate process that goes beyond the appearance and 
digs into the aesthetics of interaction and semiotics.

Design principles for OSI 

At the beginning of our journey, we defined four design 
principles to guide our design process. We now reflect 
and reframe them according to our experience, insights 
and related work in the field of OSI.

Body relatedness and skin’s kinship: As these two 
principles define the overall purpose, materiality and 
execution of the OSI, we proposed to place them at a 
higher level within the design process. These represent 
the core values and differentiation factors between OSI 
and conventional wearable devices. We highlight the 
importance of focusing the design of OSI on the effort 
of resembling bodily-own processes and structures. 
For instance, Röddiger et al. [29] intend to mimic UI 
interface gestures on the skin. While this is a meaningful 
contribution, our intention is different. We aim to 
contribute to the augmentation of the human body by 
using its intrinsic properties and qualities. Through 
our explorations, we noticed that OSI inspired by 
organic and bodily principles had a higher probability 
to eventually blend within the body.  As we strive to 
explore OSI and their potential association with a 
higher bodily self-consciousness [7], we need to design 

artefacts and interfaces that differentiate themselves 
from traditional devices. These can be achieved by 
facilitating experiences characterized by the immediate 
and continuous feeling that the body, its parts, and its 
sensations belong to oneself [8, 13, 22]. Röddiger et, 
al. [29] suggest that, by mimicking the haptic feeling 
of human skin on OSI devices these could almost be 
not perceivable by the user. We stand for a different 
perspective. We suggest that by achieving this, OSI 
devices will be perceived as own-body parts rather than 
external devices.  

Regarding the Meaningfulness and Privacy and 
Accessibility and Location principles, we split them into 
three more specific principles, defined into usability and 
functionality principles for OSI as follows:  

Meaningfulness: The skin not only protect us from the 
environment but also defines our identity and contact 
with the outside world. As we learned from the tattooing 
exercise and aligned with the work of  You et al. [42] 
and Withana et al. [40], the design of OSI must facilitate 
the customization and representation of meaningful 
on-body information according to the cultural values, 
social factor and personal taste of individuals.

Privacy: Considering the skin as a public interface has 
several design implications. As we experienced, it is 
common for people to hide and encrypt meaning in their 
tattoos. As tattoos often represent personal experiences 
or intimate information, they are rarely literal 
representations of the meaning they contain. We propose 
to approach the privacy component of OSI in the same 
fashion. As suggested by You et al. [42], the social and 
public perception of using OSI potentially determines 
the user acceptance of this technology. The implications 
of OSI in terms of privacy should of course be considered 
according to their context of implementation [28, 42]. 
The cultural and social dynamics might influence their 
acceptance, interpretation and use.

Location (/accessibility): As the skin offers a wide 
range of body locations where the OSI can be placed, 
using feedback and representation modalities that rely 

on more than one sense is crucial from successful OSI. 
As we learned from our running-related activities, 
the access to the feedback and information delivered 
by OSI systems must be fluent, clear and consistent. 
Furthermore, and alike the privacy, the location might 
be influenced by cultural, social and personal factors 
that must be considered before starting the design of 
OSI. Some people would prefer to place OSI in body 
spots that are not cover by clothing, yet this differs 
across cultural backgrounds [23, 42]. In this sense, a 
balance between usability properties and contextual 
factors is essential.
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