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ABSTRACT 
Radio waves surround us but still they remain largely 
undetected by our senses. Unless we use specifically 
tuned hardware, such as FM radios, cell phones or WiFi 
modems, human beings cannot perceive wirelessly 
transmitted data. This paper presents FeltRadio, a 
portable and wireless technology that makes it possible 
to turn radio signals into visual and tactile stimuli as a 
form of sensorial augmentation. FeltRadio explores and 
makes us reflect upon what it would be like if we could 
sense, and feel, wireless traffic such as WiFi or 
Bluetooth. We present the technological design behind 
FeltRadio and the outcome of two exploratory studies 
with the technology focused on people’s experience of 
being able to suddenly sense and make sense of wireless 
traffic. We discuss the possible qualities of this 
embodied experience of FeltRadio and point to future 
experiments with the technology.  

Author Keywords 
Embodied; EMS; experience, radio traffic; sense 
making; sensing; sensorial augmentation; WiFi; wireless 
technologies; wirelessness.  

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous. 

INTRODUCTION 
Radio waves have become a pervasive part of the 
environments of our daily lives, but in spite of their 
increasing impact on our everyday practices, they still 
remain hidden to human perception. While we may see 
physical traces of radio infrastructure (base stations, 
antennas and so forth), the traffic itself remains undetected 
unless we use specifically engineered devices to make sense 
and use out of them such as mobile phones, WiFi devices 
and radio receivers. In line with the vision of Ubiquitous 
Computing, data beacons, wireless devices and transmitters 
have increased in numbers and become more dispersed, 

while remaining largely invisible to us as they weave 
themselves into the fabric of our everyday lives [3, 34]. 
Internet of Things (IoT)-devices sense and transmit data 
wirelessly and even devices as small as a grain of sand 
(e.g. SmartDust [11]) and other Micro 
ElectroMechanical Systems (MEMS – computational 
devices up about 1 mm in size) have wireless 
communication capabilities. The world we live in is 
indeed ‘connected’, and it is so in a wireless manner. 
Anthony Dunne coined the term ‘Hertzian Space’ to 
describe this indispensable radio dimension of electronic 
objects as early as in 1999. Hertzian Space as a concept 
explores the interface between radio waves and human 
experience [6]. Following this, Mackenzie [17] has even 
argued that networked wireless technologies are 
contributing to a new condition of composite human 
experience, something he terms ‘wirelessness’.  

As with most ubiquitous and invisible technologies and 
systems, radio such as WiFi only becomes noticeable 
when it is not working as expected. But what would 
happen if we became aware of these radio networks, 
infrastructures and signals that form a constant backdrop 
to our everyday lives? What if we could actually feel, 
sense – and start to make sense of, in a new way – the 
signals emitted from these ever-growing radio-networks 
and the things and people related through the signals?  

In this paper, we present FeltRadio (see Figure 1), a 
portable technology that does just this; makes it possible 
to perceive the signal strength of wireless traffic (e.g. 
WiFi and Bluetooth data) through sensorial 
augmentation. Sensorial augmentation allows for a signal 
not perceivable by any of the human senses to be 
‘translated’ into a modality that can be detected by the 
human senses (e.g. sight and touch) [13]. The term can 
also be used when enhancing the use of a sensorial organ 
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Figure 1. FeltRadio and how it is connected to the arm. 



[10]. It is also similar to, but distinctly different from the 
term sensorial substitution introduced by Bach-y-Rita in the 
sixties [2, 33] that refers to the act of translating one 
sensory stimulus (e.g. sight) into another (e.g. touch). 
Utilizing sensorial augmentation, FeltRadio intercepts radio 
traffic and makes it available to a person either visually 
through sight on a display or embodied through tactile 
feedback in the form of Electrical Muscle Stimulation 
(EMS). In doing so, the FeltRadio technology adds an 
interface that “changes the available phenomena that can be 
acted upon (…) or perceived“ – [4, p. 22].  

While an in-depth technical description will be given later 
on in this paper, FeltRadio (acronym FR, in contrast to RF; 
the acronym for Radio Frequency) is a wide-band radio 
receiver (100Mhz-2.5Ghz) that takes the momentary peak 
signal strength (what corresponds to the Received Signal 
Strength Indicator (RSSI)) of all radio-signals that it detects 
and 1) visualizes the signal strength on a led bar display 
and/or 2) translates the signal strength into electric impulses 
that are sent into the human body through electrodes (i.e. 
adhesive pads) placed on the body using an EMS device. A 
radio filter is applied before the radio receiver limiting the 
signal to only include 2.4 GHz signals. Hence, the EMS 
device allows the strength of the 2.4 GHz radio waves 
intercepted by the system to become bodily experienced 
through electronic impulses injected into the muscles. 

As a piece of experimental engineering [31], FeltRadio 
prompts a range of questions concerning our wireless 
human condition today: if we could sense and feel wireless 
traffic, what would it mean for our self-perception, our 
perception of the physical environments we live in, and of 
the social relations that are part of our everyday lives? How 
would we think about radio waves and places with good or 
bad radio reception if we were constantly aware of this 
reception visually or through our tactile sense? This way, 
FeltRadio adds to the continued experimentation within 
what might be termed bodily and embodied aspects of 
technology [5], experiential aspects of technologies [19] 
and embodied perception [28]. It also contributes to an 
exploration of social-technological environments and the 
hidden relations that are created between architecturally 
spaces and people through radio and WiFi use. 

The paper is structured as follows; we first present a 
comprehensive section on related work concerning 
sensorial augmentation, EMS and an overview of (mostly 
artistic) explorations with making radio and WiFi 
perceivable. We then present the actual design of 
FeltRadio from a technical perspective and highlight 
important considerations on the experience of radio we 
have tried to facilitate. We then move into an analysis of 
our empirical investigations of FeltRadio through two 
exploratory studies. Our studies explore how sensorial 
augmentation and embodiment of external information 
through EMS makes us reflect on ourselves, others and 
our everyday environments. We discuss the findings 

from the studies in relation to understanding radio and 
WiFi and point in the direction of future experiments. 

RELATED WORK 
In this section we focus on projects, products and studies 
which address how we can sensuously engage with that 
which we cannot normally sense through sensorial 
augmentation. We will also look into the field of EMS and 
how it has been used within HCI and other related fields. 
Finally, we will present work that has explicitly worked 
with sensorial augmentation or EMS together with radio 
signals such as WiFi in order to make people explore and 
reflect upon normally unperceivable aspects of our 
everyday practices and the pervasive nature of wirelessness. 

Sensorial substitution and augmentation 
The notion of sensorial substitution stems from work on 
experimental sensory prosthetics; to replace one sensorial 
modality with another type of sensorial input [21]. One of 
the pioneers within the field of sensorial substitution was 
Bach-y-Rita that developed devices to translate visual 
information into haptic signals, for example for visually 
impaired people [2]. Sensorial augmentation is a similar 
term but used to define an augmentation of the senses, to 
detect something that the body cannot normally perceive 
[13]. The two terms are, however, often used in an 
interchangeable manner. As an example Nagel et al. [21] 
have experimented with a belt that allows the wearer to 
sense compass directions through tactile stimuli and talks 
about this as sensorial substitution. One can argue that since 
the human body does not have a sense organ to detect 
magnetic fields or directions, the belt is not about sensorial 
substitution, but rather sensorial augmentation. Within the 
field of sensorial augmentation, other scholars have also 
examined the use of so-called vibrotactile belts. These belts 
are equipped with small motors to create vibrations on 
different parts of the belt as a means to communicate with 
the wearer. Rosenthal et al. have identified more than 20 
examples wearable belts [23]. Frequent use scenarios for 
such belts are pedestrian navigation, and postural or 
choreographic guides. In their work, Rosenthal also present 
good reasons to investigate the use of human-machine 
interfaces other than audio and video. They state that 1) the 
need for alternative communication channels is growing, 2) 
the human skin is one such alternative channel, which 3) is 
underutilized as information input device [23, 30]. Van der 
Linden et al. [13] have worked with haptic devices as a 
vehicle for sensorial augmentation for immersive theatre 
experiences. They gave audience members a ‘felt’ presence 
of the environment through haptic feedback that they could 
not experience with their present sensors ‘as is’. In a similar 
discourse to that of Rosenthal, Van der Linden et al. [13] 
also point out that sound feedback can be hard to 
distinguish from for example environmental background 
sounds while haptic feedback on the other hand can be 
more distinguishable. There is hence an identified need to 
explore human-machine interfaces that utilizes other 
sensorial cues than vision and audio.  



FeltRadio works through sensorial augmentation and bares 
resemblance to some of the work done on vibrotactile belts, 
as it is a body-worn device that allows people to move 
freely in any space while receiving tactile stimuli derived 
from information in the ambient that the human senses 
normally cannot perceive (e.g. WiFi and the direction to 
North). However, rather than using multiple actuators 
distributed around the body, FeltRadio provides stimuli to 
just one isolated muscle. In contrast to many vibrotactic 
belts that are based on a digital output schema (On/Off), the 
output we work with is analogue as it varies in strength. 
FeltRadio also works with radio signals that exist outside of 
the body, rather than notifying users of their own, bodily 
generated information (e.g. posture). The above examples 
have either a practical application (e.g. navigation) or aim 
to provide a richer (or more immersive) experience to an 
existing activity (e.g. an art performance). FeltRadio uses 
sensorial augmentation to create an experience of 
something insensible. The human skin is an interesting 
communication channel for this with distinct experiential 
qualities worth further exploration.  

Electrical Muscle Stimulation 
We now move towards work related to the main mode of 
output in FeltRadio, namely Electrical Muscle Stimulation 
(EMS). EMS is the stimulation of specific muscles through 
a controlled insertion of electrical impulses into the body’s 
muscles. Early applications of EMS include rehabilitation 
and sports training [15, 18, 27]. In the last years, EMS has 
expanded its use into other fields, including art and HCI 
research. The use of EMS in art projects was pioneered by 
for example Stelarc [6, 25]. In the performance PingBody, 
Stelarc used EMS to allow diverse Internet resources 
(people online or Internet Ping response times) to induce 
EMS signals into his body [4, 8]. EMS has also been used 
to control human limbs, e.g. the Possessed Hand by Tamaki 
et al. [29] and work by Lopes et al. related to 
Proprioceptive interaction [15] and controlled movement of 
the body through EMS. In the Possessed Hand, Tamaki et 
al. use a technique similar to EMS to control individual 
limbs through electrical stimuli of muscles but with a rather 
high resolution. In recent HCI work, new interactions with, 
and affordances of, objects have been explored in the 
project Affordance++ [16]. In Affordance++, Lopes et al. 
use EMS to control a human’s muscles while s/he interacts 
with an object. Through EMS, grasp, release, shake and 
other hand & arm movements can be produced in a human 
to inform about an object’s possible usages. EMS has also 
been used in situations where the bodily sensation created 
by EMS is of more importance compared with precise 
muscle control, for example to provide force-feedback in 
gaming where it is usually sufficient to only provide a sense 
of left and right [7, 14]. The introduction of EMS based 
force feedback in, for example, mobile gaming is one 
example of how EMS is increasingly used in mobile and 
small wearable devices [15]. The use of EMS currently 

grows and expands into diverse fields, making EMS based 
interaction both a relevant and interesting field to explore.  

In the main part of the above examples, EMS is used to 
give specific and well scripted instructions to a human, 
even to assume control of the body or a specific limb. 
FeltRadio differs in its use of EMS since it does not try 
to assume control of the body. The work by Stelarc relates 
to FeltRadio as it utilizes internet resources to inject EMS 
into a body. However, as an art performance, PingBody 
focuses on the visual effects of such EMS injections, rather 
than the experience of ‘feeling’ Internet or radio traffic. 
FeltRadio puts attention to the very airwaves, rather than 
the transmitted message or a particular transmitter.  

Perceiving and exploring radio and WiFi 
The notion of Hertzian Space and the work on Critical 
Design carried out by Anthony Dunne and Fiona Raby, has 
been hugely influential in setting the scene for numerous 
explorations probing the aesthetic potential of living with 
radio and electromagnetic waves. A classic example of their 
work is the Faraday Chair from their project ‘Hertzian 
Tales’, a design that supposedly provides shelter from 
electromagnetic signals emitted by everyday electric 
appliance, offering a form of ‘psychological comfort’ [4]. 
More like a claustrophobic daybed than an actual chair, the 
object reminds us that ‘once electromagnetic fields are 
taken into consideration, conventional assumptions about 
everyday objects need to be re-examined [3, p. 5] In a 
number of Dunne and Raby’s projects people are invited to 
reflect on the (possibly darker) consequences of the radio 
environment, investigating the boundaries between the 
imaginary and the physical – but not experiencing radio 
forms physically.  

Another classic example preceding WiFi, and directly 
connected to Ethernet cables, is the Dangling String by 
artist Natalie Jeremijenko; an 8 foot string that whirls and 
twitches in an office space based on the level of network 
traffic [35]. More recently, the project ‘Immaterials: light 
painting WiFi’ from the Norwegian School of Architecture 
attempts to visualize radio network and, in particular WiFi 
[1, 22]. A four meter high rod equipped with LED-lights is 
used to measure WiFi radio signal strength and capture 
their proliferation through Oslo on long exposure 
photographs. Using the photographs, the permeation of 
WiFi networks throughout the city is visualized. The rod 
gives a momentary representation of the signal strength to a 
specific base station, at a specific time, at a specific place. 
The experiential modality is visual and can only be 
experienced as post-processed film or pictures. 

Detektors [9] is a collaborative project between Martin 
Howse and Shintaro Miyazaki using sonic strategies to 
make audible hidden infoscapes such as electromagnetic 
oscillations, understood as ‘algorhythms’ [20]. The artists 
create an electronic repository of audio recordings of 
electromagnetic fields and use them to, for instance, 
analyze the rhythms of digital and wireless assemblages 



[20]. The experiential modus is auditory, and the feedback 
is in real-time. However, focus is more on the 
rhythmanalysis over time than on the actual experience of 
radio waves. Architecture of radio is a tablet app that 
visualizes information infrastructures such as mobile phone 
towers, WiFi and satellite locations on the tablet’s display 
[32]. By using the tablet’s GPS location, and global open 
datasets of where cell phone towers, WiFi stations, etc. are 
located, Architecture of radio presents a 360 degree 
graphical visualization on the tablet display of how the 
current radioscape might look like. While the visualization 
of transmitters and radio waves seems live and real, the data 
do not represent actual wireless traffic.  

Artistic performer Christina Kubisch has carried out 
electromagnetic investigations of numerous cities through a 
series of Electric Walks from 2004-2013 [12]. In Electric 
Walks, people are invited to wear special sensitive wireless 
headphones that make electromagnetic fields audible, 
contributing to a new perception of the everyday reality of 
cities through a form of estrangement or defamiliarization. 
Here, the experiential mode is auditory, and the focus is on 
the everyday estrangement of the cityscape, rather than a 
reflection on the signaletic environment per se. In a similar 
vein, the project Routes + Routines by artist Peter 
Westenberg uses city walks where people get equipped with 
diverse sensors (e.g. shoes fitted with mini-cameras, 
microphones and WiFi sensors) to uncover new 
perspectives of their cities and everyday spaces [36]. 
During the walks, the sensor-equipped city walkers uncover 
new perspectives of their cities and everyday spaces. The 
goal is to invite people to stop and reflect on their everyday 
environment, and maybe even engage with it in new ways. 

In different ways these projects allow us to become aware 
of hidden or else unperceivable aspects of our everyday 
environments. The experiential modes activated are 
primarily visual and auditory, but there is also a common 
element of movement. The WiFi and radio examples allow 
us to ‘tap in’ to different sources, but mainly one at the 
time. It may be to visualize the signal strength (RSSI) of a 
particular WiFi base station (like in the Immaterials: light 
painting WiFi project) or to locate sources of radio 
transmissions in the city (e.g. City Walks and Routes and 
Routines). Detektors and similar projects differ as they 
apply a wider scanning of the radio spectrum. FeltRadio 
bares similarities to all these projects but in different ways. 
Like the Norwegain Immaterials project, FeltRadio renders 
WiFi perceivable to the human senses. While FeltRadio 
also provides a LED-bar output modality (that is a personal 
handheld display, rather than a more broadcast-style rod 
visible for anyone nearby), the main experience of 
FeltRadio (i.e. EMS based) is immediate, embodied, and 
therefore, highly personal. Unlike Immaterials, but similar 
to Detektors, FeltRadio does not connect to a specific 
source but rather scans all available traffic. However, unlike 
Detektors (but this time similar to Immaterials) the only 
traffic of interest is WiFi (and other possible traffic on the 

2.4Ghz band). Being a portable and embodied technology, 
FeltRadio allows for a wider exploration of the lived 
environment like City Walks and Routes and Routines.  

In the following, we present the FeltRadio project, which 
takes an experimental engineering approach to explore what 
it might mean to be able to sense radio.  
FELTRADIO 
As previously described FeltRadio is a portable device that 
allows a person to become aware of, and explore, radio 
traffic on the 2.4 GHz frequency band (or to be more 
precise, to sense the possible availability of radio traffic on 
the 2.4GHz band and its signal strength). FeltRadio 
captures the momentary strength of the signals within a 
given frequency band (that may contain numerous and 
simultaneous transmissions and protocols such as WiFi 
and Bluetooth) and by using sensorial augmentation it 
‘translates’ qualities of radio signals (availability and 
signal strength) into either visual information (a LED 
display) or tactile input (by rendering the signal bodily 
perceived through EMS). The visual LED output provided 
a familiar modality for people to relate to, while EMS 
allowed for the exploration of a less common and less 
well-researched output form. We also chose EMS to be 
able to translate one energy form (radio waves) into 
another energy form (electrical impulses) that could be 
felt through the skin of the body.  

The 2.4 GHz radio band was selected for a first 
exploration of FeltRadio as much WiFi traffic is located 
in that frequency band. However, also other radio 
standards utilize the 2.4 GHz band (e.g. Bluetooth and 
Zigbee) and as of now, FeltRadio does not distinguish 
between different protocols. As a result, FeltRadio may 
detect any communication on the 2.4 GHz band, 
including noise emissions from standard microwave 
ovens, as these create massive noise in the 2.4GHz 
frequency band. There is hence no guarantee that the 
FeltRadio output derives from WiFi. However, WiFi is 
in many places omnipresent and more common than 
Zigbee and other protocols in our case study 
environments. People are in general also more familiar 
with the term WiFi compared with for example Zigbee, 
making the term WiFi suitable to use in our studies. 

Detailed technical description 
FeltRadio is composed by six parts (see Figure 2); 1) the 
antenna, 2) filter, 3) frequency (dB-level) to voltage 
converter, 4) microcontroller (to translate the incoming 
voltage levels into output signals), 5) an electronic 

Figure 2. The FeltRadio hardware architecture. 



muscle stimuli (EMS) device and 6) a led bar display. 

The antenna is tuned to a 2.4GHz frequency but the 
signal is also fed into a bandpass filter that only allows 
the 2.4GHz frequency band to pass. The signal is then 
fed into a wideband radio receiver (AD8313) that output 
voltage according to a logarithmic function of the 
incoming signal. The above setup creates a rather cruel 
Received Signal Strength Indicator (RSSI) functionality. 
The AD8313 can measure incoming signals between 
100MHz and 2.5GHz down to about -70dB, so the 
antenna and filter are important control-elements to set 
the AD8313 input frequency. The captured radio signal 
is currently not amplified before it is sent into the 
AD8313, and hence only rather strong signals are 
detected (from a strong transmitter or generated nearby). 
The system detects if you are close to a WiFi router or 
someone is browsing the web a few meters away, but 
would not generate any output from a typical signal 20 
meters away. The voltage output from the AD8313 is 
then fed into an ATMEGA64 microcontroller through 
one of its Analogue to Digital Converters (ADC). The 
microcontroller can output the detected signal strength 
(RSSI) both visually on a handheld 10 segment tri-color 
led bar display (see Figure 3) and renders it bodily 
experienced using an electronic muscle stimuli device. 
The stronger the radio signal, the stronger is the muscle 
stimuli. The strength of the radio signal (and hence the 
strength of the EMS sent through a muscle) depends on 
the power of the transmission and the distance to the 
transmitting source.  

The electronic muscle stimuli device currently used in 
FeltRadio is the Sanitas SEM 44 [24]. It is a two-channel 
digital TENS/EMS unit that FeltRadio operates in the 
device’s massage-mode. The stimuli device’s normal 
human interaction interface (buttons) has been ‘hacked’ 
so the interface can be controlled by the ATMEGA 
microcontroller. The Sanitas device’s buttons are 
connected to the microcontroller so they may be 
‘pressed’ through a set of opto-couplers that also keep 
the device electronically isolated from the 
microcontroller and the rest of the system. 

Technology perspectives of FeltRadio 
FeltRadio is by no means a precise or perfectly 
engineered system. Its design is inspired by numerous 
other designs around the AD8313 chip available online. 
However, a novelty with FeltRadio is the combination of 

a radio receiver and its output capabilities put together 
and what this combination enables. The technology 
design decisions, including what components and chipset 
to use, or not to use, naturally directly shape the 
experience of FeltRadio and WiFi. The lack of an RF 
amplifier before the AD8313 directly limits how weak 
signals (and how distant signals) will actually provide an 
output. As a consequence, FeltRadio is about the local, 
rather than a means to pick up signals from maybe 100 
meters away. Indeed, if these signals were to be picked 
up and amplified, they would most likely saturate the 
output and render FeltRadio somewhat useless as it 
would always peak on maximum signal strength. 

In contrast to the systems presented in the Related Work 
section, FeltRadio takes all signals in a particular radio 
frequency band and turns these signals into a human 
perceivable output through sensorial augmentation, 
creating a ‘feeling’ for what is going on at a specific 
frequency band at a specific location and point in time. 
Due to the omnidirectional distribution of radio waves, 
FeltRadio cannot indicate the direction from where the 
different signals are originating. Others have explored 
sensorial augmentation for a range of different domains 
and applications, and through their work it has been 
identified that there is a need for a more comprehensive 
understanding of human-machine interactions that utilize 
sensorial channels based on other than audio and visual 
stimuli. FeltRadio uses EMS as the primary output 
modality (complemented with the visual, hand-held LED 
display). FeltRadio also investigates new ways of using 
EMS as an interaction modality, namely as a tactile 
information channel, rather than controlling the body 
muscles. The combination of a radio traffic sensing 
technology and the use of EMS for sensorial 
augmentation is unique for FeltRadio and that 
combination is what enables our explorative case studies. 
The use of EMS does, however, require us to ask the test 
persons if they, for example, have a pace-maker or suffer 
from epilepsy, something that may prime their 
anticipation of FeltRadio and shape their experience and 
reflection of its use. Indeed, technological aspects of 
FeltRadio and the nature of radio directly influence how 
people experience FeltRadio as a technology and in use.  

METHOD OF EXPLORATION 
As a means to explore what kind of insights and 
reflections FeltRadio can provide we have carried out 
two exploratory studies. The focus has been on 
collecting qualitative material on people’s experiences of 
FeltRadio to better articulate the design potential in 
sensing and making sense of wireless data through 
sensorial augmentation and EMS. Also, we have 
explored how people experience wireless traffic as a 
technology, but also in relation to themselves and their 
everyday contexts and how these experiences may 
change when wireless traffic is rendered perceivable and 
embodied. The first study involved four people that each 

Figure 3.  Handheld 10 segment LED bar display. 



used FeltRadio in a context of their choosing, in all cases 
a familiar and everyday environment (e.g. their home 
neighborhood). The study focused on the participants’ 
experiences with FeltRadio and their reflections on being 
able to perceive the intensity of wireless communication 
in relation to their own bodies and the contexts they 
explored. The participants in the first study were not 
‘technology specialists’, but had a general understanding 
of technology. The second study was carried out two 
months after the first study to supplement the initial 
findings with a more in-depth understanding of the 
experiential qualities emerging from using the FeltRadio 
technology in a technology-saturated environment. It 
involved five people using FeltRadio in our university 
building. The university is specialized on IT and housed in 
a modern semi-public building with a wide range of 
technology-based educations on offer, and consequently 
filled with a wide range of radio signals. There are, as an 
example, WiFi access points everywhere. In this second 
study we wanted to explore more closely the sensorial 
augmentation through EMS, being in a more controlled 
environment with a group of users more accustomed to 
experimental technologies.  

Below, we sketch out the format of the two studies and the 
general findings from each study. We discuss and compare 
the results to emphasize key findings and how we intend to 
pursue future studies with the FeltRadio technology.  

Case study 1: First exploratory study 
In the first study, our four participants each used 
FeltRadio in two walks of 20 min in each mode (EMS 
and LED). The four people, two men and two women, 
were between 35 and 65 years old. They all had 
academic backgrounds but none had a technical 
background. They were recruited through the authors’ 
extended social networks. The explorations were 
conducted in four different places chosen by the 
participants. Three chose their home and one her 
workplace. With alias names the participants were: 
Mary, 65, a high school teacher living in a high end 
village near a big city, Daniel, 35, a former CEO living 
in the city, Ben, 45, an assistant professor in pedagogy, 
living in a high end suburb to the city, and Lucy, 42, an 
art gallery manager working in the city. 

We started out each session with an interview about the 
participants’ general understanding of wireless 
communication before we introduced them to FeltRadio. 
The introduction consisted of an explanation of the 
signal strength measurement and FeltRadio’s modality 
specific expressions (i.e. LED and EMS). We also 
explained that an intense signal meant someone was 
sending or receiving something over the wireless 
network. In the total of eight walks, two of the 
participants would do their first walk with the LED 
display and the second walk with the EMS and vice 
versa. For each modality (LED and EMS), the person 

went for a walk in their neighborhood in conversation 
with one researcher chatting about their experience of 
FeltRadio and of their perception of their surroundings 
through FeltRadio. Between the walks and at the end we 
also conducted a follow-up interview in the person’s 
home or their office. All interventions were both video 
and audio recorded. The interviews (each a total of 1,5 
hour) were later transcribed by the researchers and 
analyzed through a focused coding session [26]. 

Case study 2: Second exploratory study 
For the second study, we recruited five people from the 
university, three women and two men from ages 23-40. 
Four of them were students and one was a researcher. 
We name them Alfred (25), Thomas (25), Selina (23), 
Martha (40, researcher) and Rachel (28). All of our 
participants are very familiar with the institution and 
have expectations on the available WiFi. Being affiliated 
with a university specialized in IT education, these 
people are assumed to possess a prior understanding of 
wireless technologies and therefore regard them as 
technology experts. 

To ensure consensus among our tests, we guided the 
participants one at the time through a 20 minutes, 
predefined route within the university building while 
attached to FeltRadio. The participants were accompanied 
by one researcher filming the walk and one interviewing the 
participant. We conducted semi-structured interviews with 
the participants before, during and after their walk. The first 
interview gathered background information on our 
participants. During the walk the participants were asked 
about their specific experiences and thoughts about sensing 
WiFi, while the last interview was about their reflections 
and experience of walking around with FeltRadio. All 
interviews were video recorded, transcribed, and analyzed 
through a focused coding session [26]. 

FINDINGS FROM THE FIRST EXPLORATORY STUDY 
The purpose of the first exploratory study was twofold: 
one was to give us an indication of what sense people 
make of experiencing wireless activity and the other was 
to understand what kind of device FeltRadio is and could 
be. The study shows us two key factors which influences 
people’s reflections and interpretations namely the 
experiential mode activated by FeltRadio (LED or 
EMS), and their contextual knowledge about the places 
they were exploring. The first key factor ties back to the 
design of FeltRadio - what it is and could be - but at the 
same time it gives us insight into the types of sense 
making people are likely to engage in. The second key 
factor essentially ties back to a more individual sense-
making practice and concerns the contextual knowledge 
and how FeltRadio changes this. Both highlight how 
FeltRadio can play many different roles and how 
suddenly being able to sense the insensible can be both 
empowering and disempowering at the same time. 



The experiential mode 
When the signal intensity was conveyed through the tri- 
color LED display the technology provided an 
augmented level of information. It predominantly 
became a lens through which the carrier (of the 
FeltRadio) could see his or her surroundings in a 
different light. It became an extra layer of information. 

“The dentist over here what about her… no let’s take the 
Priest first. (...) This is where the Priest lives. She is 
quiet. No color on the display at all. (...) She must be 
writing for hand. ” – Mary (65). 

Furthermore, the discrete levels of the 10 bar tri-colored 
LED display enabled the carriers to get a fairly precise 
and memorable measure, while the embodied muscle 
stimulation proved harder to compare since the perceived 
intensity seemed to fluctuate a bit over time and each 
measure was displayed as a novel or at least uncommon 
sensation in the muscle. 

“It is a little harder with this format. You don’t get the 
graphical image of the nuances as you did before. So it’s 
hard to measure how much is in the yellow. How close it 
gets to the red… it is just a lot of activity. Before you 
could… visually it gives you a better picture of the 
activity in a way.” - Ben (45). 

On the other hand, when the signal intensity was 
revealed through muscle stimulation, the technology 
predominantly became an introspective or personal 
experience. The people using FeltRadio would consider 
health issues and the more discomfort they felt from the 
muscle stimulations the more concern they would 
express about the potential effects of the wireless traffic. 
All participants seemed to have different experiences of 
the stimulation, some felt it as a tickling increasing to a 
curious involuntary vibration of the muscle and others 
felt it as a slight discomfort leading to downright pain as 
the intensity of the signal strength increased. 

“I mean this [the EMS] gets closer to your person 
because… I mean it is closer in that it actually affects 
your muscles right. It is as if, even if it is a symbol, that 
it could do something wrong to you right.” - Mary (65). 

The embodied modality also led to new valorizations of 
known places. Knowledge of how an otherwise quiet 
place could be filled with wireless activity would, at 
least temporarily, changed their perception of that place. 
The dog walking route or the evening stroll would be 
cast in a light of technological presence that they had not 
previously been aware of. Just as, when the carriers 
found places with apparent complete radio silence these 
places were suddenly talked of more positively than their 
general aesthetics probably would have warranted. Like 
Lucy walking in a rundown back ally: 

“Here I actually think it’s quiet. Nothing happens here. 
How wonderful! So it’s here you should go to get a 

break. That’s really interesting. I do believe that if I had 
this on permanently there would be an added value 
where it was quiet… Hmm what train of thoughts have 
you started? [laughs]” – Lucy (42). 

“But this [EMS] is a totally different experience because 
it is a little frightening right... that it floats around in the 
air like this and affects you. You don’t otherwise think 
about this. You have taken my innocence! [laughs] Here 
I walk my dog in the great nature where the birds sing 
and then the muscle twitch all over... I don’t know what 
that does... ” – Mary (65). 

Obviously, it was not only the muscle stimulation that 
would lead to these kinds of reflections, but they did 
appear more regularly when the EMS was used. 

Contextual knowledge 
Sensing radio waves is an abstract experience whether it 
is through a visual input or through muscle stimulation. 
With little or no knowledge of wireless and network 
technologies the participants had difficulties making 
sense of their experiences without suggestions from us. 
Thus we decided to prime their imagination with 
suggestions that would link human activities to the 
signals they experienced, like: 

“Maybe people left for work so no one is home to cause 
net activity” or “Maybe someone is watching Netflix” - 
Researcher 1. 

Giving these primers enabled the carriers to start 
interpreting their experiences. 

“I mean, if you accept the premise that this is a sensation 
then you could say that it gives you a sense of the social 
activity in an area at a certain level. It gives a sense of 
the social activity or the lack thereof…” - Ben (45). 

Another aspect, which affected their interpretations, was 
the prior knowledge of the environment. If the carrier 
knew what was supposed to happen in the buildings, 
knew what institutions they passed or who lived there, 
their reflections on the intensity of the radio traffic 
became more elaborate. Like, when Mary treats her 
experience as a piece of gossip: 

“Her in there I know too. Oh they are really active. 
That’s her [name of famous person]. Wow she is 
completely crazy [...] I have to tell her next time I meet 
with her.” - Mary (65). 

Or it prompts a reflection on societal conditions: 

“By the elderly homes, there is really a lot of action here 
[…] and now by the kindergarten in comparison it is 
completely quiet. […] But the elderly were going at it. 
[10 min later] It was really interesting walking by the 
elderly… who were so active and then the kids biaauu... 
nothing” – Mary (65). 



Finally, the explorations indicated that the participants 
could easily imagine what the activity would be like 
elsewhere once they learnt to make sense of FeltRadio. 

“I would assume that a parking lot would be quiet for 
instance. […] When you walk by all the cafes, on the 
other hand, there will be a lot of activity. That would be 
my assumption. But it is funny. This is not something I 
would otherwise think about …” - Daniel (35). 

The first exploratory study shows how the embodied 
experience through EMS opens up a different form of 
reflection than the more detached visual representations 
on the LED display. People are not just more intensely 
affected by the experience; their reflections also seem to 
be one step deeper. This embodied experience of 
wireless traffic made the participants rethink and re- 
evaluate some of their everyday places and practices. For 
instance, what the participants had normally considered 
as a tranquil piece of nature suddenly became filled with 
technological traces and a previously less attractive or 
even slightly hostile piece of land would suddenly gain 
value from being signal free.  

FINDINGS FROM THE SECOND EXPLORATORY STUDY 
The purpose of the second exploratory study was to 
better unfold the felt and embodied quality of using 
FeltRadio and being able to perceive wireless radio 
traffic through EMS. As a consequence, we found a 
group of participants whom we believed would have the 
technological interest and vocabulary to address in-depth 
aspects of this experience. Overall, the participants in the 
study responded quite differently to the FeltRadio and 
EMS experience, with quite extreme feelings, not unlike 
in case study 1: one participant described the experience 
as pretty hurtful and violating to some extent whereas 
another participant compared the feeling of EMS to the 
reinforced feeling of butterfly wings or sensing spirits. 
Most participants in the second case study were, 
however, positively interested in the technology and the 
prospect of being able to develop a sensation of WiFi. 
Below, we focus on findings concerning the test persons’ 
altered relation to their own senses, to their feeling (and 
understanding) of radio signals and WiFi, and to their 
general thoughts and reflections on FeltRadio and how 
they would use the sensorial augmentation provided by 
FeltRadio if it were available to them on a daily basis.  

Feelings of sensorial activation 
During the second study, some participants explained 
how they perceived their senses differently due to the 
input from FeltRadio and EMS. Thomas experienced a 
heightened focus on his senses overall, because he 
started looking for the source of the radio signals when 
the EMS was fired: 

“If I feel activity from FeltRadio and hear noise at the 
same time, I turn to investigate the noise, since it’s my 
only frame of reference. I have to use my other senses to 

figure out where the radio activity is coming from (…)” 
– Thomas (25). 

Thomas also said that in the place where he felt the most 
activity and highest level of EMS, it felt like his own 
heart rate was increasing as a response. In line with this, 
Alfred said that the EMS triggered a psychological 
effect, causing his pulse to rise when the signal got 
stronger. Contrarily, Selina stated that she actually 
started ignoring some of her senses: “Because my focus 
was on feeling the activity on my arm, I did not focus on 
the sounds as I usually do.” – Selina (23). Here, the 
sensorial augmentation can be said to come with a 
sensorial diminution as well. 

Generally, it seems that the output from FeltRadio not 
only affected the immediate place of contact (i.e. the 
arm); it also spread to other forms of sensation, coming 
together in a multi-sensuous experience, where one form 
of sensation is relayed onto another in a continuous 
process, influencing people’s sense-making strategies as 
well. Interestingly, Thomas observed that he was talking 
about the input from FeltRadio in relation to his other 
senses, as if it was already a form of sensation. It is clear 
from the participants, though, that it would take some 
time to get accustomed to this new form of sensation.  

Feelings of radio 
Experiencing radio waves through EMS made the 
participants perceive them as being inconsistent and 
unpredictable. Being in a very technologically saturated 
university building, the participants were overall 
surprised by how little activity they felt during the 
largest part of their exploration, and by how random the 
locations where they did feel activity seemed, as they 
were unable to locate the source. Martha describes it as 
trying to find someone who was hiding: “you can hear 
the breathing, but you cannot see the person”. Rachel 
describes how using FeltRadio has caused her to reflect 
on the nature of radio waves:  

“I have actually become more conscious about radio 
waves, it’s not really something I have been thinking 
about before. But now I feel I am extremely aware of it. 
There is kind of a physical reminder, the beep-beep-
beep, all the time about something happening – and then 
you kind of look and ask what is it and where is it. Just 
as if my iPhone vibrates, I would take it to see what’s 
happening. The same kind of curiosity occurred with the 
vibration on the arm.” – Rachel (28). 

Martha stated numerous times in the interview that she 
was somewhat paranoid concerning radio waves. The 
following quote shows how using FeltRadio caused her 
to rethink some of her ideas about how WiFi works:  

 “As I said, I already told you about my paranoid 
dispositions. But I have thought about WiFi before as a 
kind of cloud hanging over a building, or something. Just 
as intense everywhere in the building. (…) But now I 



think that there are different hot spots, you already know 
that in reality if you think about routers. But I never 
thought that it would concentrate and there would be 
other places where there’s almost nothing. You can walk 
through a building and there are holes where there is 
nothing and others where it is really intense, it’s a totally 
different experience. So the metaphor about the 
swimming pool, you cannot use that in reality.” – Martha 
(40). 

Prompted by wearing FeltRadio, Thomas also came up 
with an explanation of how the feeling of WiFi is akin to 
how WiFi actually works, in his words:  

“Here I could feel it just before. There, it disappeared 
again and started again. I could feel that it comes in 
waves. It’s not a constant thing. It’s about someone 
who… you know if you do a search on Google. You 
don’t send any packages when you’re done with your 
Google search (…) The Internet is not a constant thing 
you just use. It goes a little back and forth. It works in 
intervals.” – Thomas (25). 

As in the first study, the participants would make close 
associations between radio waves and people, becoming 
more aware of the social context surrounding them, and 
attributing the radio traffic to human activity. In the 
beginning they would expect a context with more people 
meant a lot of activity from FeltRadio. Some explored 
this by seeking out groups of people, hunting for activity. 
One participant was a bit anxious about getting too close 
to other people, as they might have a digital device on 
them. All participants became more aware of their social 
context and to the location of other people. 

Feelings of using FeltRadio 
The participants all had some difficulty getting into the 
use of FeltRadio as it took some time to get to know the 
setup. Alfred explains that he constantly keeps himself 
on the surface of immersion, as if he cannot get 
completely carried away. He is too aware of the physical 
artifact and cannot grasp the unnatural aspect of the 
experience. Thomas states that it would be a challenge 
getting used to feeling radio waves permanently, but 
when you eventually did, you would get “a completely 
different aesthetic experience by exploring wireless 
connections”. He elaborates that as long as the 
experience is based on a physical artifact detached from 
his own body, it will not be immersive enough for him to 
extend his knowledge of his surroundings. He would, 
however, like to try FeltRadio and “have this sense”: 

 “I think it’s quite funny. It’s not an intense feeling of 
pain. Yes, it would be fun to walk around with it for a 
longer period of time. Without it being a test. It’s a pretty 
exciting technology! “ – Thomas (25). 

Alfred is also intrigued by the prospect of using 
FeltRadio for sensory augmentation: “(…) there is 
something interesting in adding extra senses to the 

human body, to develop our sensory apparatus.” – Alfred 
(25). He talks about the possibility to hunt for WiFi 
signals and exploring where radio waves actually exist, 
but he also needs more time with FeltRadio:  

“I definitely think this is exciting. But I need some more 
time to digest why – it doesn’t necessarily have to have a 
life-changing function or make you a better man 
physiologically or sensorially, it’s not that I am only 
thinking about efficiency, but I still need a little time to 
understand why this is something I would be wearing, or 
getting operated into my body.” – Alfred (25). 

Martha states that she would use FeltRadio to escape 
radio waves, but also talks about ‘seeking the thrill’ of 
EMS stimulation. She would also like to try FeltRadio 
without it being a predefined study and walk: “I think 
that if I would walk without you, I would forget I was 
wearing it. It’s a little like the senses.” – Martha (40). 

In the discussion we draw on findings from the two 
exploratory studies to sketch out an agenda for future 
explorations with the FeltRadio technology as part of a 
continued investigation into sensorial augmentation EMS 
and making radio and WiFi perceivable.  

DISCUSSION 
The two exploratory studies contribute to better articulating 
the design potential of FeltRadio and the prospect of being 
able to sense radio in a number of interesting ways. In 
particular, it is striking how people’s prior knowledge about 
technology seems to have played a defining role in the 
perceptions and actions surrounding the use of FeltRadio. 
Study 1 clearly showed that the EMS gave a more intensive 
experience than the visual expression, sometimes leading to 
quite negative reactions toward the presence of WiFi and 
radio wave. Study 2 unfolded the quality of that experience 
in a more nuanced – and from a more technologically 
elaborated – perspective. This study also highlights the 
importance of considering sensorial augmentation in 
relation to all the senses; using FeltRadio is clearly a multi-
sensuous experience in that the addition of a ‘new’ sense of 
WiFi (through tactile stimuli) had a great impact on all the 
senses, and even on people’s breathing and heart rate. This 
emphasizes the ethical responsibility of us as designers; we 
are not ‘only’ adding a different form of sensation, we are 
affecting the ability to sense and make sense on an overall 
level. This, of course, requires careful considerations. 
FeltRadio does not set out to render wireless traffic as 
any kind of health risk but rather to explore it as a 
phenomenon and begin to understand the ethical 
implications of our densely populated airwaves, albeit 
from a slightly untraditional angle. In particular based on 
study 1, however, we must ask ourselves if it is ethical or 
not to create a feeling of wireless traffic which some of 
the test persons describe as downright painful. 

This also relates to the values attributed to radio and WiFi 
in the two studies. In study 1, most participants said they 



would use FeltRadio to track down places with less radio 
traffic. To them, radio waves can be seen as a form of air 
pollution that contaminates places. This feeling, it seems, is 
reinforced through the use of EMS. However, many 
participants in study 2 said they would use the ability to 
sense WiFi to find the best WiFi spots, or just as an 
interesting extra layer of information about a particular 
context. This extra form of sensation would provide them 
with a richer understanding of the world. This seems more 
nuanced and points to the double value of being able to 
sense WiFi; both to avid it and to track it down. Study 2 
also gave some interesting accounts of how people had 
changed their perception of how WiFi works, where study 1 
related more to a changed perception of the environment or 
contextual knowledge based on the sensation of WiFi.  

In both studies, it is clear that the feeling of WiFi and radio 
is closely related to a feeling of sociality; somebody is 
causing the changes in the radio waves. In study 1 this leads 
to fabulations about what kinds of activities might be going 
on behind locked doors in the neighbors’ homes. This kind 
of fabulation is less present in study 2, but that might also 
be ascribed to the very constrained context in which the 
study took place. Another observation relates to the 
experience of EMS as expressed in the two studies. 
Whereas study 1 points to the fact that EMS gave a more 
intense and personal experience, study 2 showed how this 
experience is more nuanced: external stimuli are registered 
as internal stimuli (on the skin), leading to an increased 
awareness of the external surroundings (multi-sensuous 
activation). This rhythm points, again, to the feeling of 
WiFi as a sensorially distributed or multi-sensuous 
experience of radio and WiFi signals.  

From both studies, it seems clear that to sense wireless 
traffic through FeltRadio is a curious experience, which 
can be both empowering and disempowering. It is 
empowering in that it provides a new insight – a view of 
personal, technical and social structures in our 
surroundings that are else hidden. It becomes a tool for 
ethical and social speculations and contemplations. And 
used in an educational setting, as several of the 
participants envisioned, it could be a fruitful ground for 
discussing these issues. On the other hand, it can be 
disempowering. Not in the sense that it takes away 
already gained power, but it brings to the front our role 
as powerless bystanders to others’ activities and 
interactions with (wireless) technology – and our bodies 
subject to external stimuli beyond our control. When 
designing such interactive systems it is highly relevant, 
to better understand what role our interactions with 
technology may have on others. These topics need 
further exploration in future studies. In particular from 
study 2, we see the need to set up a longitudinal study to get 
a better sense of how the use of FeltRadio might develop 
over time. This would allow the test persons to actually 
develop a sensorial relation to wirelessness, and explore its 
impact on their everyday actions and experiences. Most of 

the participants found it challenging to immerse themselves 
into the experience and ignore the physical artefact during 
the study. This also speaks in favour for a longitudinal 
study and for making FeltRadio smaller and more portable 
for better immersion.  

CONCLUSION 
With FeltRadio, we have succeeded in activating a new 
experiential mode of engaging with wireless traffic 
through experimental engineering. We have rendered 
something, which we cannot normally sense, such as 
radio waves, into a bodily experience, thus adding a new 
layer to the explorations invoked by e.g. Dunne and 
Raby. Using FeltRadio as an explorative design probe has 
opened up for a new way of sensing WiFi and radio traffic 
through sensorial argumentation. From our exploratory 
studies, we have found that adding this extra layer of 
sensation to the human body generates new and interesting 
insights into how we might perceive our surroundings. It is 
also evident that the technological design decisions made 
when constructing FeltRadio have played an important role 
in shaping the experience of, in our case, WiFi. As an 
example, distant, or in other ways weak signals, do not 
generate any noticeable output, which may create a false 
assumption that there is no current WiFi traffic at all. 
Instead, there may very well be traffic, but since the signal 
is not amplified, only strong, or more local signals can 
actually generate a perceivable output. Also, since 
FeltRadio does not implement a protocol layer, it actually 
senses all traffic within the 2.4GHz band (e.g. Bluetooth 
and other radio typologies operating within that frequency 
band), rather than solely WiFi.  

A range of insights have also been generated considering 
the use of EMS for sensorial augmentation, which we are 
still processing in a redesign of the FeltRadio experience. 
Through direct muscle stimuli via EMS, a deeper form of 
reflection can, for example, be established concerning our 
surroundings. This challenges how the body senses and 
might experience the intangible. From the studies, we also 
see that our participants found it challenging to fully 
comprehend this new form of sensation. Further research is 
still needed on what sensing the intangible directly in one’s 
own body might lead to. Also the exploration of diverse 
output modalities and their impact on the experience is 
merely an additional example of future work. The 
experiential modes and the embodied experience of the 
EMS, the new valorization of existing places based on 
sensing WiFi and the oscillations between empowerment 
and disempowerment will guide our future studies of 
FeltRadio and what it means to sense and make sense of 
radio signals. 

ACKNOWLEDGMENTS 
We would like to thank all our study participants, Lars Toft 
Jacobsen for his assistance with 3D printing, and Erika S. 
Panduro, Ian V. A. Kjær, Sara A. G. Nielsen, Sofie A. B. 
Calundann & Troels Madsen for their work with FeltRadio. 



REFERENCES 
1. Timo Arnall, Jørn Knutsen and Einar Sneve 

Martinussen.  2013. Immaterials: Light painting WiFi. 
Significance, 10 (4). 38-39. 10.1111/j.1740-
9713.2013.00683.x. 

2. Paul Bach-Y-Rita, Carter C. Collins, Frank A. 
Saunders, Benjamin White and Lawrence Scadden.  
1969. Vision Substitution by Tactile Image Projection. 
Nature, 221 (5184). 963-964.  

3. Matthew Chalmers and Ian MacColl.  2003. Seamful 
and seamless design in ubiquitous computing 
Workshop at the crossroads: The interaction of HCI 
and systems issues in UbiComp, 17. 

4. Alan Dix, JenniferG Sheridan, Stuart Reeves, Steve 
Benford and Claire O’Malley.  2006. Formalising 
Performative Interaction. in Gilroy, S. and Harrison, M. 
eds. Interactive Systems. Design, Specification, and 
Verification, Springer Berlin Heidelberg, 15-25. 

5. Paul Dourish.  2004. Where the action is: the 
foundations of embodied interaction. MIT press. 

6. Anthony Dunne.  2008. Hertzian tales: Electronic 
products, aesthetic experience, and critical design. 
MIT Press, Cambridge, Massachusetts, US. 

7. Farzam Farbiz, Zhou Hao Yu, Corey Manders and 
Waqas Ahmad.  2007. An electrical muscle stimulation 
haptic feedback for mixed reality tennis game ACM 
SIGGRAPH 2007 posters, ACM, San Diego, 
California, 140. 

8. Chris Fleming.  2002. Performance as Guerrilla 
Ontology: The Case of Stelarc. Body & Society, 8 (3). 
95-109. 10.1177/1357034x02008003005. 

9. Martin Howse and Shintaro Miyazaki, 2015, From: 
http://www.detektors.org, Accessed: 13 January 2016. 

10. Kurt A Kaczmarek.  1995. Sensory augmentation and 
substitution. CRC handbook of biomedical engineering. 
2100-2109.  

11. Joseph M. Kahn, Randy H. Katz and Kristofer S. J. 
Pister.  1999. Next century challenges: mobile 
networking for “Smart Dust” Proceedings of the 5th 
annual ACM/IEEE international conference on Mobile 
computing and networking, 271-278. 

12. Christina Kubisch, 2003, From: 
http://www.christinakubisch.de/en/works/electrical_wa
lks, Accessed: 12 January 2015. 

13. Janet van der Linden, Yvonne Rogers, Maria Oshodi, 
Adam Spiers, David McGoran, Rafael Cronin and Paul 
O'Dowd.  2011. Haptic reassurance in the pitch black 
for an immersive theatre experience Proceedings of the 
13th international conference on Ubiquitous 
computing, ACM, Beijing, China, 143-152. 

14. Pedro Lopes and Patrick Baudisch.  2013. Muscle-
propelled force feedback: bringing force feedback to 

mobile devices Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems, ACM, Paris, 
France, 2577-2580. 

15. Pedro Lopes, Alexandra Ion, Willi Mueller, Daniel 
Hoffmann, Patrik Jonell and Patrick Baudisch.  2015. 
Proprioceptive Interaction Proceedings of the 33rd 
Annual ACM Conference on Human Factors in 
Computing Systems, ACM, Seoul, Republic of Korea, 
939-948. 

16. Pedro Lopes, Patrik Jonell and Patrick Baudisch.  2015. 
Affordance++: Allowing Objects to Communicate 
Dynamic Use Proceedings of the 33rd Annual ACM 
Conference on Human Factors in Computing Systems, 
ACM, Seoul, Republic of Korea, 2515-2524. 

17. Adrian Mackenzie.  2010. Wirelessness: Radical 
empiricism in network cultures. MIT Press, Cambridge, 
MA. 

18. Nicola A. Maffiuletti, Marco A. Minetto, Dario Farina 
and Roberto Bottinelli.  2011. Electrical stimulation for 
neuromuscular testing and training: state-of-the art and 
unresolved issues. European Journal of Applied 
Physiology, 111 (10). 2391-2397. 10.1007/s00421-011-
2133-7. 

19. John McCarthy and Peter Wright.  2004. Technology as 
Experience. MIT Press, Boston. 

20. Shintaro Miyazaki.  2013. Urban sounds unheard-of: a 
media archaeology of ubiquitous infospheres. 
Continuum, 27 (4). 514-522. 
10.1080/10304312.2013.803302. 

21. Saskia K. Nagel, Christine Carl, Tobias Kringe, Robert 
Märtin and Peter König.  2005. Beyond sensory 
substitution—learning the sixth sense. Journal of 
Neural Engineering, 2 (4). R13.  

22. Nearfield.org, 2011, From: 
http://www.nearfield.org/2011/02/wifi-light-painting, 
Accessed: 13 January 2016. 

23. Jacob Rosenthal, Nathan Edwards, Daniel Villanueva, 
Sreekar Krishna, Troy McDaniel and Sethuraman 
Panchanathan.  2011. Design, Implementation, and 
Case Study of a Pragmatic Vibrotactile Belt. 
Instrumentation and Measurement, IEEE Transactions 
on, 60 (1). 114-125. 10.1109/TIM.2010.2065830. 

24. Sanitas, 2015, From: http://www.sanitas-
online.de/web/en/products/therapy/ems_tens/SEM43.p
hp, Accessed: 01 August 2015. 

25. Stelarc.  1999. From zombies to cyborg bodies: 
exoskeleton, extra ear and avatars Proceedings of the 
3rd conference on Creativity & cognition, ACM, 
Loughborough, United Kingdom, 23. 

26. Anselm Strauss and Juliet M. Corbin.  1990. Basics of 
Qualitative Research: Grounded Theory Procedures 
and Techniques. SAGE Publications. 

http://www.detektors.org/
http://www.christinakubisch.de/en/works/electrical_walks
http://www.christinakubisch.de/en/works/electrical_walks
http://www.nearfield.org/2011/02/wifi-light-painting
http://www.sanitas-online.de/web/en/products/therapy/ems_tens/SEM43.php
http://www.sanitas-online.de/web/en/products/therapy/ems_tens/SEM43.php
http://www.sanitas-online.de/web/en/products/therapy/ems_tens/SEM43.php


27. Primoz Strojnik, Alojz Kralj and I. Ursic.  1979. 
Programmed Six-Channel Electrical Stimulator for 
Complex Stimulation of Leg Muscles During Walking. 
Biomedical Engineering, IEEE Transactions on, BME-
26 (2). 112-116. 10.1109/TBME.1979.326520. 

28. Dag Svanæs.  2013. Interaction design for and with the 
lived body: Some implications of merleau-ponty's 
phenomenology. ACM Trans. Comput.-Hum. Interact., 
20 (1). 1-30. 10.1145/2442106.2442114. 

29. Emi Tamaki, Takashi Miyaki and Jun Rekimoto.  2011. 
PossessedHand: techniques for controlling human 
hands using electrical muscles stimuli Proceedings of 
the SIGCHI Conference on Human Factors in 
Computing Systems, ACM, Vancouver, BC, Canada, 
543-552. 

30. Hong Z. Tan and Alex Pentland.  2005. Tactual 
displays for sensory substitution and wearable 
computers ACM SIGGRAPH 2005 Courses, ACM, Los 
Angeles, California, 105. 

31. Anna Vallgårda and Ylva Fernaeus.  2015. Interaction 
Design as a Bricolage Practice Proceedings of the 
Ninth International Conference on Tangible, 
Embedded, and Embodied Interaction, ACM, Stanford, 
California, USA, 173-180. 

32. Richard Vijgen, 2015, From: 
http://www.architectureofradio.com/, Accessed: 13 
January 2016. 

33. Steven A. Wall and Stephen Brewster.  2006. Sensory 
substitution using tactile pin arrays: Human factors, 
technology and applications. Signal Processing, 86 
(12). 3674-3695. 
http://dx.doi.org/10.1016/j.sigpro.2006.02.048. 

34. Mark Weiser.  1991. The computer for the 21st century 
[J]. Scientific American, 265 (3). 66-75.  

35. Mark Weiser and John S. Brown.  1996. Designing 
Calm Technology. PowerGrid Journal, 1 (1). 75–85.  

36. Peter Westenberg, 2010, From: 
http://constantvzw.org/verlag/spip.php?article111#, 
Accessed: 13 January 2016. 

 

http://www.architectureofradio.com/
http://dx.doi.org/10.1016/j.sigpro.2006.02.048
http://constantvzw.org/verlag/spip.php?article111

	FeltRadio: Sensing and Making Sense of Wireless Traffic
	ABSTRACT
	Author Keywords
	ACM Classification Keywords

	INTRODUCTION
	RELATED WORK
	Sensorial substitution and augmentation
	Electrical Muscle Stimulation
	Perceiving and exploring radio and WiFi

	FeltRadio
	Detailed technical description
	Technology perspectives of FeltRadio

	Method of exploration
	Case study 1: First exploratory study
	Case study 2: Second exploratory study
	FINDINGS FROM THE FIRST EXPLORATORY STUDY
	The experiential mode
	Contextual knowledge
	FINDINGS FROM THE SECOND EXPLORATORY STUDY
	Feelings of sensorial activation
	Feelings of radio
	Feelings of using FeltRadio

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

