Figure 1: The front and back view
of InsideOut. While playing, the
player wears an iPad in the front
and a backpack containing a data
recorder and a MacBook.
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Abstract

An imaging capsule is a pill-shaped device used to record
images of the user’s gastrointestinal tract. Existing research
mainly focuses on the imaging capsule’s functional per-
spective, while its experiential perspective is usually over-
looked. To explore this, we introduce a playful system called
InsideOut where the player wears an iPad to display the
real-time images of their gastrointestinal tract captured by
an imaging capsule. Players can interact with the images
by performing bodily movements which are mapped to im-
age transformations such as rotation and scaling. With this
work, we aim to inspire game designers and researchers to
design playful and engaging experiences around imaging
capsules. Our work might further inspire future works us-
ing other bodily-integrated technologies to facilitate playful
experiences.

Author Keywords
Ingestible sensors; imaging capsules; capsule endoscopy;
bodily integration; game design; play.

CCS Concepts
*Human-centered computing — Interaction paradigms;
*Applied computing — Computer games;


https://doi.org/10.1145/3341215.3356291

Figure 2: An iPad is worn by the
player showing the images
captured by the imaging capsule.

Introduction

An imaging capsule is a pill-shaped digital sensor. After
being swallowed, the imaging capsule takes a number of
pictures per second as it passes along the user’s gastroin-
testinal (Gl) tract usually within 24-36 hours. Imaging cap-
sules have the potential to greatly benefit health and clinical
areas [16] and to replace the conventional endoscopes in
the near future [14]. The conventional endoscopes are rel-
atively invasive since they are inserted into the oral or rec-
tal orifices and might cause discomfort or even pain [14].
Moreover, the rigidity of the conventional endoscope limits
access to many areas of the intestines. Thanks to advance-
ments in technology, these problems might be relieved with
the emergence of imaging capsules [33].

We note that existing research around imaging capsules
mainly focuses on their functional perspective, such as util-
ity and technological advancements. For example, Idden et
al. [14] introduce the imaging capsules’ design and func-
tion; Swain [33] describes their mechanism and clinical
values; Li et al. [20] overview their main types and appli-
cations. However, the experiential perspective of imaging
capsules is usually overlooked.

We believe that there is an opportunity to explore the expe-
riential perspective of imaging capsules. Studies in human-
computer interaction (HCI) highlight that appreciating a
body-centred technology’s experiential perspective may
help users deepen their understanding and engagement
with their own bodies [34]. In addition, recent works sug-
gest that medical services, including endoscopy procedure,
should support patients from both a medical and experien-
tial perspective [13, 25]. Therefore, we believe that there is
an opportunity to look into the experiential perspective of
imaging capsules. In this work, we explore this opportunity
via designing engaging digital play experiences. Hence, we

ask:* How can we design playful experiences around imag-
ing capsules?’

To explore this, we present a playful system called “Insid-
eOut” (see Figure 1) where we use an iPad worn by the
players to show their real-time Gl tract images captured
by an imaging capsule (see Figure 2). While playing, play-
ers interact with the images by performing different body
movements, which are mapped to various 2D transforma-
tions to the images like scaling and rotation. Moreover, we
designed six mini-games to enrich the play experiences.
These games are unlocked sequentially during a play ses-
sion. We believe InsideOut could bring about novel and
playful bodily experience, and help the players better under-
stand and engage with their own bodies.

This article begins by presenting related works in the field
of interactive art and HCI around imaging capsules, then
describes the system InsideOut and the proposed user
study. Our work aims to inspire game designers and HCI
researchers to design playful experiences around imaging
capsules.

Opportunity of Playing with Imaging Capsules
Imaging capsules have been used by artists to express
their understanding of the human body and facilitate in-
triguing experiences for the audiences. For example, the
artist Phillip Warnell underwent a live endoscopy proce-
dure using an imaging capsule [35]. The artist argues that
this work raises awareness of how Gl tract images can be
evaluated beyond medical applications [27]. Deep Throat
is another art installation that exposes the audiences to the
inner appearance of the digestive tract [17]. The installa-
tion consists of a dining setting with the endoscopic video
projected on to the plate. Corps étranger [2] is another art-
work using an endoscopic camera showing the artist’s ex-



terior and interior body in turn. The video is projected on
the floor of a cylindrical structure which the viewer enters,
accompanied with a soundtrack broadcasting heartbeat.
This work aims at showing the viewer the unknown parts
of the human body and motivating reflections on the violent
appropriation of contemporary imaging technologies [31].
These artworks demonstrate the opportunity of exploring
the experiential aspects of imaging capsules.

Researchers in medical anthropology and phenomenology
argue that seeing the images of the Gl tract could mediate
the experience of one’s own body [11, 31]. For most peo-
ple, the view of their Gl tract is mysterious although they
might know the appearance of a Gl tract from books, mag-
azines, and TVs. Technologies like imaging capsules allow
the users to look into their own living bodies and turn their
body interior into an observable surface [31]. Through the
view of the inside human body, the viewer could overcome
the foreignness and become more aware of their own bod-
ies, leading to deeper body consciousness and therefore
improving their well-being [10]. Thus, we believe supporting
players in playing with their Gl tract images could facilitate
intriguing bodily experiences and inspire them to reflect on
the understandings of their own bodies.

Existing Related Research

Prior studies in HCI have explored the design of playful ex-
periences around ingestible sensors [22, 23]. Ingestible
sensors are digital sensors performing sensing or actu-
ating functions inside the human body [6]. Hence, imag-
ing capsules can be seen as a kind of ingestible sensors
[16]. Therefore, we believe that this work can learn from
prior studies that explore the design of playful experiences
around ingestible sensors.

Similar to imaging capsules, ingestible sensors have also

been used in a variety of art projects. For example, Stelarc
developed an ingestible sensor containing a beeping de-
vice and flashing light and inserted it into his own body. The
idea behind Stelarc’s art project is to challenge the tradi-
tional role of the human body, showing that our body is “hol-
low” and could be turned into a public space that can ex-
hibit sculptures [32]. The Czech artist Jan Poope designed
an audio pill supporting people to experience music’s beat
“from the inside” [28].

Inspired by these art projects, HCI and game researchers
began to explore the affordances of ingestible sensors in
digital play. Li et al. [19, 22, 21, 23] designed two games
using an ingestible sensor to measure the player’s body
temperature. In the first game, called “Guts Game”, the
players play against each other by changing their body
temperature to complete a variety of game tasks [19, 22].
The second game, called “HeatCraft”, support two players
to experience their body temperature via localized ther-
mal stimuli delivered through heating pads [21, 23]. The
two projects demonstrate the possibility of using ingestible
sensors in digital play and provide insights on how to de-
sign playful experiences around ingestible sensors. As the
technology and the body is “integrated”, the play might be
integrated into the player’s daily lives and therefore facilitate
ubiquitous play [23]. Moreover, playful systems around in-
gestible sensors might support moving from experiencing
the body as a mere controller to experiencing the body as
play, which could deepen the players’ understanding and
engagement with their bodies [23, 26].

We believe our project could further the current understand-
ing of playful experience design around ingestible sen-

sors by exploring the experiential perspective of imaging
capsules. To address this, we developed a playful system
called InsideOut, which we explain below.



Figure 3: The interface of InsideOut. The green and red buttons
on the top left corner are "play" and "reset." The number shown in
the juniper green circle on the top left represents how many
games have been unlocked. Players can select an unlocked game
to play by tapping a circle on the bottom of the interface.

InsideOut

InsideOut (see Fig 1) is a playful system that enables play-
ers to interact with the real-time images of their Gl tract
captured by an imaging capsule. While playing, the player
wears an iPad in the front and a backpack containing a data
recorder and a MacBook. The working of the system is as
follows.

Capturing the images of the Gl tract

With InsideOut, images of the player’s Gl tract are captured
by an OMOM® imaging capsule [15]. The capsule takes
photos and transmits the images to a data recorder through
a wireless transceiver module when the imaging capsule
travels through a user’s Gl tract. The data recorder then
processes, displays and stores the images in real-time. The

OMOM® imaging capsule is TGA and CE approved and
has been used on over 1 million subjects [20]. The play
with InsideOut starts when the player swallows the OMOM®
imaging capsule and ends when the player excretes the
capsule or when the capsule runs out of battery, which is
after ca 12 hours.

Displaying the images

We use a MacBook connected to the OMOM® data recorder
via a USB cable to collect the images and stream them

into the Touch Designer software [8] for composing and
interactivity. The transformed images are transmitted to an
iPad wirelessly. The MacBook and an assorted power bank
are put in the backpack worn by the player. The iPad is at-
tached to the front straps of the backpack.

Positioning the iPad for image display

We place the iPad in front of the user’s chest. As the play
progresses, the iPad drops from the player’s chest to their
belly to mimic the movement of the imaging capsule inside
the human body. To achieve this, we use an Arduino Mega
to control the length of the strings connected between the
backpack and the iPad in order to change the iPad’s po-
sition. We believe that this changing position of the iPad
might bring about engaging play experiences. First, the
iPad is very close to the player’s skin under which hides
the player’s Gl tract. Therefore, it might create a feeling
that the skin becomes transparent and the body bound-
ary is blurred, which might facilitate engaging experience
when playing with ingestible sensors [23]. Second, wear-
ing the iPad in front of the body does not hinder the player’s
movement, and the player can easily lower his/her head to
view the screen at any time, which is good for facilitating
always-available play. Third, this position allows other peo-
ple around the player to see the images on the iPad screen.
Players can also invite others to interact with the system,



Figure 4: The interface of
Borborygmus.

Figure 5: The interface of
Magnetism.

Figure 6: The interface of
Gravitation.

which may facilitate a playful experience of fellowship [24].
Meanwhile, it might also result in uncomfortable interac-
tions through intimacy [3]. The discomfort might inspire the
players to reflect on the dark themes of modern technolo-
gies [12]. We also acknowledge that in certain occasions,
the player might not want others to see the images. Hence,
we designed a “Hide” button. Once it is pressed, the iPad
screen is turned dark.

Transforming images based on body movements

Figure 3 shows the interface displayed on the iPad. If the
player is not moving the body, the iPad displays the origi-
nal images captured by the imaging capsule without mod-
ification. If the player performs body movements such as
rotation and shaking, the movements are sensed via ac-
celerometer embedded in the iPad, transmitted to the Mac-
Book via Open Sound Control (OSC) [1], and mapped to
2D image transformation like rotation and scaling via Trans-
form Top [9]. In this way, the player can interact with the
images in real time.

We use body movements as the primary interaction mode
to engage the player’'s body as much as possible. The ac-
celerometer measures the player’'s body movements includ-
ing translation and rotation in any direction. Thus, the player
can explore the full range of body movements to interact
with the images. We believe this could make the player
become more aware of their body movements. As such,
bodily actions hopefully become a part of the play experi-
ence rather than a means to control the images [26]. This
might deepen the player’s understanding of their own body
by building a relationship between their bodily actions and
the interior body [23].

Mini-games to enrich play experiences
To enrich the play experiences, we additionally designed six
mini-games for players. The games are unlocked sequen-

tially every 1.5 hours. Once a mini-game becomes avail-
able, the player is notified by a vibration and bell sound from
the iPad, and visual instructions are shown on the screen,
indicating how players can play the mini-game.

We designed these mini-games for two reasons. First, en-
countering a new mini-game might bring about a surprising
experience, which is a crucial part in games to facilitate
pleasurable experiences [30]. Second, prior studies [22]
suggest that the player might experience reduced engage-
ment after a period of time when playing with ingestible
sensors. Considering that the play session of InsideOut
might last about 12 hours, we believe that designing these
mini-games could motivate players to explore the interac-
tions and therefore heighten engagement during the play.

Here is the list of mini-games:

» Borborygmus: the image moves on the display based
on the player’s movements, and if it touches certain
areas, as signified by four arcs on the screen (see
Figure 4), a rumbling sound is generated. We de-
signed this game to provide a multi-sensory playful
experience to increase the player’s immersion with
the system [18].

» Magnetism: a filter overlays the footage; the filter’s
threshold is controlled by the magnetic field strength
surrounding the player (see Figure 5). This game
is designed to make players become more aware
of their surrounding environment, hence facilitating
positive play experiences with ingestible sensors, as
prior work [23] suggested.

 Gravitation: the gravitational acceleration and body
acceleration are visualized through the augmenta-
tion of a 3D model of the images (see Figure 6). This
game is designed to motivate the players to reflect on



Figure 7: The interface of Bloating
Moves.

Figure 8: The interface of Body
Balance.

Figure 9: The interface of Where’s
Wally?.

the relationships between their body and the environ-

ment [23].

Bloating Moves: the player’s movements affect the

form of the images (see Figure 7). We designed this

game to create a playful fantasy experience [24] to
motivate players to imagine how the shape of their

Gl tract might change as a response to their body

movements. This might contribute to positive game

experience and facilitate players reflecting on how
can they treat their bodies better through physical

activities [23].

+ Body Balance: the round camera image needs to
be balanced on a lever through the player’s move-
ments or else it will fall off the lever’'s edge (see Fig-
ure 8). The design of this game is inspired by [5]
which demonstrates that balancing could be a re-
source for creating engaging bodily play experiences.

» Where’s Wally?: the player searches their digestive
image for hidden gems (see Figure 9), identifying
them results in sound effects. This game is inspired
by the puzzle books “Where’s Wally?” which is con-
sidered engaging as it involves a problem-solving
process [7] and therefore might facilitate playful ex-
periences of exploration, challenge and completion
[24].

Proposed Study

To understand the associated user experience, we will re-
cruit participants to experience the proposed system In-
sideOut. Participants will be invited to our lab to swallow
an OMOM® imaging capsule and put on the system. Then
they are allowed to leave the lab and experience the sys-
tem in a real-world setting [29]. After the play session, the
participants will be asked about their experience in semi-
structured interviews. Thematic analysis will then be used

to understand the interview data [4]. Design themes will be
generated and later be used to articulate design strategies
to guide the future designs of playful and engaging experi-
ences around imaging capsules.

Conclusion

In this article, we present a playful system InsideOut that
enables players to interact with the real-time images of their
Gl tract captured by an imaging capsule. We believe this
work can bring about intriguing opportunities for digital play
by introducing imaging capsules to the field. Ultimately, this
might inspire future works using bodily-integrated technolo-
gies to facilitate a broader range of play experiences.
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