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Figure 1: During our design process, we discussed that the ear cup is suited best for showing information to people nearby (a).
We decided to use over-ear headphones (b) due to the size advantage. After creating a rough paper prototype (c), we created a
3D-printed clip that holds the wearable public displays to the ear cups (d).

ABSTRACT

The need for online meetings increased drastically during the
COVID-19 pandemic. Wearing headphones for this purpose makes
it difficult to know when a headphone wearing person is available
or in a meeting. In this work, we explore the design possibilities
of headphones as wearable public displays to show the current
status or additional information of the wearer to people nearby.
After two brainstorming sessions and specifying the design con-
siderations, we conducted an online survey with 63 participants
to collect opinions of potential users. Besides the preference of the
colors red and green as well as using text to indicate availability,
we found that only 54 % of our participants would actually wear
headphones with public displays attached. The benefit of seeing
the current availability status of a headphone-wearing person in an
online meeting or phone call scenario were nonetheless mentioned
even by participants that would not use such headphones.
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1 INTRODUCTION

During the global COVID-19 pandemic, the usage of online meet-
ings and workshops instead of meeting in person increased [18].
In households where several people live and have meetings, the
need for headphones is inevitable. This creates the problem that it
is unknown whether a person wearing headphones is available or
in a meeting and cannot be disturbed. To address this problem we
propose to use headphones as a wearable public display. Wearers
of such headphones can show their current availability status to
people nearby and display additional information, such as social
media activities or information about music that they currently
listen to. To investigate this idea we analyzed the design space of
headphones as wearable public displays with a focus on suitability
and acceptance.
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Figure 2: An overview of the headphone types we considered during the brainstorming sessions.

2 RELATED WORK

The majority of research in the area of public displays focuses on
large stationary screens [2, 15]. Using smaller public displays as a
wearable in a mobile scenario, where the wearer can show infor-
mation to people nearby, is less explored. One of the first research
projects on this topic used classic monochrome LCD screens to
show a short text [4]. Cased in a badge or brooch, it can show
movie quotes or other information that the wearer is willing to
share [5, 7]. Ljungstrand et al. [14] broke the limitation of text and
modified a Nintendo Game Boy Color to show colored images worn
as a brooch. Furthermore, Colley et al. [6] combined the usage of
textual and graphical information to show wellness data — like for
how long a person has been sitting on a chair - on a brooch and
on a display mounted on a hat. They found that sharing such data
to people nearby motivates a healthier lifestyle.

Hakkila et al. [10] designed a necklace that shows the current
busyness status of the wearer to people nearby by showing one of
the colors red, yellow or green. They evaluated their wearable in a
workplace scenario with 18 participants. Their results show that
the necklace increased the participants’ self-awareness concerning
busyness and stress level. Further, they showed that people nearby
adapt their behavior based on the current busyness status of the
wearer.

Alt et al. [1] proposed the idea to show contextual advertising on
a public display worn on a person’s back. They used a tablet PC and
a backpack with a window. Depending on the user’s location the
display shows advertisements of local shops, metro stations, and
tourist maps. The approach of a portable billboard was also explored
by Kleinman et al. [12]. They used the back of a two-screen laptop
to show messages to people nearby. It attracted the attention of
others and led to conversations. However, the conversations were
mainly about the device itself and not about the message on the
device.

The idea of using the smartwatch display as a wearable public
display was proposed by Pearson et al. [16]. Besides exploring the
design space in multiple studies and naming design considerations,
they showed that the concept is socially acceptable. Klamka et al.
[11] analyzed the physical design space of smartwatches and straps.
They extended the smartwatch display to the watch strap with two
additional displays, which can also be used as public displays. To

give other researchers access to their work, they provide an open
source research platform.

Groesch [9] patented the idea of a removable media player in-
cluded in the ear cup of over-ear or on-ear headphones (see Figure 2).
The idea to show information on a display that is included in the
headband of a headphone has been presented and patented [3, 13]
as well. A patent combining both - a display included in the head-
band and a removable media player with a display attached to the
ear cups — was presented by Pong and Liu [17].

3 DESIGN PROCESS

To analyze the design space of headphones as wearable public dis-
play, we conducted two brainstorming sessions to develop ideas
and to narrow down design choices. The main focus of the brain-
storming sessions was to find suitable solutions to show people
nearby information on the current status of the headphone’s wearer.
This includes the choice of the output modality as well as the input
and possible scenarios where such a device could enrich the inter-
action between two persons. The first brainstorming session was
conducted by four students with a technical background from our
university. For the second brainstorming session we recruited three
additional participants without technical background to discuss the
ideas of the first brainstorming session and to gather additional
ideas.

The brainstorming sessions showed that head-worn headphones
(see Figure 2) are the most promising design to show information
to people nearby, especially over-ear headphones. The surface and
size of the ear cups allow the addition of a graphical display, which
can be seen even from a distance. The headband could also be used
as a display space, but information on the band on top of the head
is not visible to a person nearby. Other headphones that are worn
directly in the ear are less suitable, since the small surface only
allows the placement of a single LED and not a spatially extended
graphical display. The information shown by this LED could for
example be mistaken for the current battery status instead of the
status of the person wearing the headphones.

To show information to nearby people, different types of displays
were discussed. Electronic paper displays have the benefit of a low
power consumption but the disadvantage of a reduced range of
colors (typically white, black and red/yellow) and usually no back-
light. This means that they are capable of showing a rudimentary
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representation of certain information, but more expressive informa-
tion with colors or images are not possible. Thus electronic paper
displays are not suitable for our purpose. Organic light emitting
diode (OLED) displays or classic liquid crystal displays (LCD) are
more suitable, but both have limitations. New LCD panel technolo-
gies, like vertical alignment (VA) and in-plane switching (IPS), have
a wider viewing angle and better contrast than classic LCDs but
come with a higher power consumption. OLED displays on the
other hand have narrower viewing angles but better contrasts and
a lower power consumption than LCDs [8].

The participants of our brainstorming sessions found the usage
of color coding useful, especially the use of the traffic light colors
red, yellow, and green. These colors can indicate the current status
of the wearer. Red means that a person is currently not available for
conversations, yellow means that the person is busy but interrupt-
ible, and green that the person is available for conversations. Within
an office environment other colors could indicate specific situations
in that company. For example, the color blue could mean that the
person is in a meeting or phone call. The addition of pictograms or
images could help to show more information about the context of
the wearer. Music notes with the addition of text could indicate that
the person is currently listening to a specific song. Other symbols
like plus, minus, cross, check mark or smiley faces or showing plain
text could also help. Showing a QR code, for example as train ticket,
is also possible.

In our brainstorming sessions, two main categories of usage sce-
narios were defined: private and public scenarios. Private scenarios
are scenarios in which the wearer of the headphones is in a familiar
environment with people known to the wearer. This includes loca-
tions like the wearer’s home, but also locations like the office of the
wearer, where the surrounding is familiar and the people nearby
the wearer are already known. Public scenarios on the other hand
include locations like public transport or a shopping mall where
the surrounding people are unknown to the wearer.

As a potential input method, our participants discussed the usage
of a touch screen on the headphones, using the smartphone to
control the display. Further they discussed the usage of an automatic
detection system that recognizes what the wearer is currently doing.

4 SURVEY

To get an overview of the acceptance of our design considerations
we conducted an online survey. Besides querying their headphone
usage habits we asked the participants how they would react in
specific scenarios containing headphones with displays attached.

4.1 Participants

For our online survey we recruited 63 participants (19 female, 44
male, age 18-71,X = 33.18, 0 = 17.19). Except for one participant all
participants own headphones. They use over-ear (40 participants),
in-ear (33 participants), classic earbuds (20 participants), and on-ear
(18 participants) headphones with a microphone (49 participants).
Bluetooth (39 participants), noise cancellation (24 participants),
illumination via LEDs (9 participants), and touch controls (1 partic-
ipant) were used as additional features. The participants use their
headphones at home (40 participants), at work (39 participants),
on the train (35 participants), or generally when they are on the
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move (33 participants) and while pursuing activities like relaxing
(38 participants), playing games (37 participants), during sport (26
participants), shopping (17 participants), or playing a keyboard
instrument (1 participant). The headphones are used by our partici-
pants to listen to content like music or podcasts (60 participants),
make phone calls (26 participants), suppress surrounding noises
(24 participants), avoid being distracted (15 participants), and as a
social signal not to be disturbed (5 participants).

4.2 Results

We explained a travel scenario to our participants where the partici-
pant wants to talk to another passenger who is wearing headphones.
42 participants would speak directly to the person if the matter
was urgent. 10 participants would try to get the attention of the
passenger before speaking. 7 participants would speak directly to
the passenger and 4 participants would not talk to the passenger in
such a situation. We also asked the participants whether the type
of headphones have an influence on their decision in this scenario.
Only 8 participants would change their behavior based on the head-
phone type. They explained this by stating that they would not talk
to passengers with bigger sized headphones (5 participants). The
possibility to miss smaller headphones and thus speak directly to
the passenger was also mentioned (3 participants).

Figure 3: We showed our participants this sketch of head-
phones with light emitting displays on the ear cups and
asked them about the meaning of the colors red and green.
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Figure 4: According to our participants, the use of colors as
indicator for the current availability status is conspicuous,
helpful, and comprehensible. They have a mixed opinions
on the level of intrusiveness of the colors.
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