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Abstract
Interactive devices are increasingly used inside human bodies, such as pace makers and wireless pills. This trend has
led to novel experiences with ingestible devices in the field
of human-computer interaction on novel experiences people
have with ingestible devices. We believe there is a missed
opportunity to facilitate innovative game experiences using
such devices. However, there is a lack of understanding on
how to design games around ingestible devices. Therefore,
this research investigates the design of ingestible games by
using a wireless pill that can measure the user‘s core body
temperature. We designed a game called “Guts Game”.
By investigating the game experience, we aim to gain an
understanding towards ingestible game design and build a
theoretical design framework around it. This research will
contribute to a better understanding of ingestible game design and ultimately help designers to create a wider range
of future play experiences.
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Introduction
In recent years, wearable devices have become increasingly popular. In fact, they have become small enough to
be insertable into the human body or be even ingestible [7].
The most common example is probably a pacemaker, but
there are also other devices such as pill cameras that serve
as endoscopes [10].
This work proposes the concept of “ingestible games”, a
new game genre that involves ingestible devices. The research aims at exploring the design space and play experience of such games through designing a game prototype. The results will help to build a design framework for
ingestible games in future work.

Related Works
We learn from five different areas of prior work: HCI work
around ingestible devices, ingestibles and user experience,
pervasive games, health games and biofeedback games.

Figure 1: The ingestible sensor
continuously captures the user’s
body data and transmits it to a
smartphone wirelessly.

Ingestibles and HCI
Ingestible sensors are devices that integrate a wireless sensor system into a non-invasive capsule to perform different
functions, such as measuring pH values, pressure, or core
body temperature data (see Fig.1) [1, 10]. Unfortunately,
there is little research about ingestible sensors in the HCI
area. However, we can learn from previous studies about
insertables. Insertables are digital devices that go through
the skin, under the skin, or even inside a human‘s body [7].
Therefore, we regard ingestible sensors in the category of
insertables.
To understand the motivations for non-medical uses of insertables, Heffernan et al. interviewed 17 people who voluntarily inserted devices into their bodies [8]. The results
suggested that hobbyists choose to use insertables mostly
for convenience or to extend their senses [8]. For example,

Reasons for inserting devices

Convenience
Unencumbered feeling
New body modification
Next big thing
Extend human function

Motivations for ingestible players

Play at any time in any place
Operate without peripherals
Body as interface
New game genre
Extend the capability of player/avatar

Table 1: Potential motivations for players to participate in
ingestible games

Prof. Kevin Warwick implanted a RFID tag into his body to
open his office door and switch the lights on [25].
In addition, we find that the discomfort caused by wearable
devices could also boost the popularity of insertable devices. Many people who prefer insertables regard a wearable device as encumbrances [8]. For example, the skin
contact with wearable devices may cause discomfort. In
contrast, ingestibles may be seen as part of the user’s body
[8] and thus offer alternative engagement opportunities.
Although today’s ingestible devices mostly require users
to carry a signal receiver which may also cause discomfort, we believe products that can directly connect to smartphones or other alike will appear with the advancement of
technology.
In light of the above, the motivations for the non-medical
uses of insertable devices may be extended into the gaming area. Table 1 shows what we think could be the corresponding motivations of ingestible games for each reason
of inserting digital devices into bodies as outlined by Heffernan et al. [8].
Ingestibles and User Experience
Studies showed that the type of game controller could affect the player experience [24], thus it would be reasonable to assume that using an ingestible sensor has an im-

pact on the player experience. Furthermore, game controllers that exploit natural mappings lend themselves to
social fun, whereas traditional controllers can be preferred
for highly competitive games [24]. Therefore, we believe
that ingestible games should consider the social aspect of
gameplay.
In addition, we find that designers need to consider the
emotional connections between players and ingestible
sensors when designing such games. Prior work suggests
that digital technology may be used to create deeply emotional and sensory experiences to help users understand
their bodies [14]. In addition, social networks including online forums, blogs and social media sites can provide vital
emotional support [17, 14]. Therefore, we believe that designing social experiences around bodily issues within a
technology-context is important for ingestible games.

Figure 2: The players need to
wear a waist bag containing the
receiver. An iPhone is used to play
the game. We also prepare a
water-proof bag for the player in
case they swim or shower during
the gameplay. The pill is placed on
top of the iPhone for size
comparison.

Moreover, to facilitate positive play experiences, prior work
suggests it is important to produce a feeling of security
for players when using health monitoring devices [14, 18].
First, users should feel that the data provided by the ingestible sensor is reliable [13]. Second, users could be
concerned about how they can retain ownership and control over their data [20]. Any health risk is another major
concern [7]. For example, the casing of the insertables may
break inside the body if the body suffers a severe impact
[8]. However, it has been recognized that wireless pills, the
most popular form of ingestible sensors, are 100% safe for
healthy users if the sensor is less than 11 mm in diameter
and 28 mm in length [10]. For example, researchers used
wireless pills to measure the colonic pH value, temperature, and intraluminal pressure in an extensive study. There
was no safety issue reported and no serious adverse event
of sensor retention [5]. Therefore, we believe designers
should aim to facilitate a feeling of safety for players.

Ingestibles and Pervasive Games
We believe ingestible game design may learn from pervasive games. The major features of pervasive games are
place-independent gameplay, social interaction between
players, and integration of the physical and virtual worlds
[9]. Place-independent means that pervasive games can be
played at any place instead of sitting in front of the computer or game console. Furthermore, social interaction
amongst players is usually a core to gameplay. These features may inspire the design of ingestible games. For example, it usually takes 2-3 days before the ingestible sensor
leaves the user’s body. As a result, ingestible games could
be played anywhere where the user might be while the sensor is still inside the player’s body.
Ingestibles and Health Games
As ingestibles are coming from the health domain, we also
looked at health games to see what can be learned from
them. Furthermore, we believe ingestible game design and
health game design can inform each other as ingestible
games are also very body-focused. In particular, prior work
suggests that games have great potential to improve health
outcomes [19], including enhancing exercise [11], as they
can shift a user’s attention away from physical discomfort
[19]. Thus, we propose that ingestible games could make
health-related activities more enjoyable and thus provide
benefits to a player’s wellbeing.
Ingestibles and Biofeedback Games
Ingestible sensors are used to capture users’ body data
and thus we can also learn from biofeedback game design.
Many games have already adapted a biofeedback loop to
the gameplay that use sensors to capture players’ psychological responses and transmits it back to the game system
[12]. Prior studies show that biofeedback games are attractive as players can learn how to control their body [16].

Researchers found that players prefer direct control and explicit biofeedback in such games [12][16]. For example, to
control the walking speed of the game character, players
prefer to control their muscle activation rather than heart activity [16]. Therefore, ingestible game design requires suitable sensors that can capture data resulting from activities
that can be directly controlled by users.

Potential of Ingestible Games

Figure 3: The Cortemp sensor is
approximately 22mm in length.

Figure 4: The device on the left is
the receiver for the pill data. It
passes the data on to the phone
via bluetooth. The screen of the
phone shows the interface of the
game.

Learning from previous work, we believe that there is great
potential for ingestible games. We now list some of the future uses of such games. First, ingestible sensors can provide multiple kinds of body data for users who want to subscribe to the quantified-self movement [20, 10]. As future
work on quantified-self is believed to integrate work and
play [26], we believe ingestible games have great potential
to lifelogging.
Second, ingestible sensors have been demonstrated to be
safe and easily accepted by patients when monitoring medication adherence [3]. Medication adherence is “the extent
to which patients follow the instructions they are given for
prescribed treatments” [6]. We believe games are particularly suitable for improving medication adherence as they
can make repetitive tasks more attractive [19]. Therefore,
ingestible games have the potential to support patients in
taking their medication timely.
Third, games can be effective in changing health-related
behaviors through enhancing motivation [2, 23]. Therefore,
ingestible games may have the potential to change the attitudes and behaviors towards ingestible devices for those
people who feel uncomfortable with them.
In summary, we find there is great potential for ingestible
games. However, what we do not yet know is how to design such games. Although there is research from related

fields we can learn from, there is no systematic understanding on how to design games that use ingestible sensors.
Therefore, we hope with this work, we can help towards answering the research question: How to design ingestible
games?
Guts Game
To explore the design space of ingestible games, we designed a game we call the “Guts Game”. It is a two-player
iOS mobile game. The game centres around a set of goals
that require players to change their core body temperature, which is measured through an ingestible sensor called
Cortemp (see Fig.3). It is a pill-like device that wirelessly
transmits core body temperature as it travels through the
digestive tract for approximately 24-36 hours. The CorTemp
sensor is FDA cleared [15].
Personal User Experience
We swallowed the wireless pill ourselves to understand the
device better. On reflection of this experience we found:
• As long as the sensor is in the user’s stomach, the
sensor is able to record temperature changes caused
by the ingestion of food. However, after the sensor
leaves the stomach, it is harder to change the core
temperature simply by eating or drinking. Once the
sensor is in the intestinal tract, the more effective way
to change the body temperature then is through exercises or through changing the environment temperature.
• When the sensor is in the intestinal tract, only about
2 minutes after entering the sauna room or starting
exercise, the change in core body temperature can
be detected by the sensor.
• While the sensor is in the stomach, the data captured
by the sensor can vary between 27 ◦C and 40 ◦C.

• While the sensor is in the intestinal tract, the variation of the data is rather small. For example, we were
able to raise the temperature by approximately 1 ◦C
through exercising and 0.6 ◦C by going into a sauna.

Figure 5: Players will be invited to
a meal.

Figure 6: Players will be told that
they have been infected by a
parasite after the meal.

Gameplay
With our “Guts Game”, players will be provided with all the
items they might need (see Fig.2): a mobile phone, the pill,
a receiver for the pill, a small bag, and a waterproof bag.
On the mobile phone (see Fig.4), the target body temperature is shown at the top of the screen as well as represented by the height of a frying pan above a fire. The animated flame represents the player’s current temperature.
There are several tasks the player needs to accomplish
throughout the player’s day, and upon completion of the
task, the player receives points. The player can choose
when to engage in a task, but can only do one task at a
time. The goal for each task is to change the core body
temperature to move the top of the flame as close as possible to the frying pan. As mentioned in the previous section
about the Personal User Experience, the degree of difficulty to change the data captured by the Cortemp sensor
is different depending on the location of the sensor in the
player’s digestive tract. This feature naturally provides different levels of difficulty for the game. The gameplay in this
game does not change according to the location of the sensor because it is hard to estimate when the sensor leaves
the player’s stomach automatically. However, we believe
that this feature can be adapted to the gameplay in future
designs of the game. For example, different gameplay can
be designed based on the location of the sensor which may
be determined by a camera or positioning system.
Narrative
We created a background story for the game, as narrative
content has been demonstrated to be effective in engaging

players in health-related games [2]. First, the players will
be invited to our lab and have a meal together (see Fig.5).
The researchers will be dressed as medical doctors and tell
players that the meal has led to them being infected by a
virtual parasite (see Fig.6). The only way to get rid of the
parasite is by changing their core body temperature to a set
of specific values. Therefore, the players have to swallow
the Cortemp sensor and play the game to “survive”. We
included this story to further motivate players to swallow the
sensor.
Points and Tasks
There are three levels of tasks: easy, medium and hard.
For each level, the player can earn 1, 3 or 5 points. Players
can choose their task, as we aimed to support achieving
the right balance between game challenge degree and the
player’s capability in order to facilitate the emergence of
flow [22]. Additionally, all task goals are within an ethical
and achievable temperature spectrum (36 ◦C-38 ◦C). For
example, typically tasks would be: “Reach 37.2 ◦C (easy)”,
“Reach 36.5 ◦C (medium)” and “Reach 38 ◦C (hard)”. The
game does not restrict the method players use to complete
the task and thus players can choose any of the activities
they want such as eating, drinking and jogging. The game
uses a flame animation to provide feedback to help players gauge their progress and assist them in making game
decisions [26].
In addition to the general tasks mentioned above, there are
another two task modes: feeling mode and challenge mode.
For each task, the player can change to the feeling mode
freely. In the “feeling” mode, the flame that represents the
player’s body temperature will not be displayed. The flame
animation is replaced by two buttons, one for displaying the
flame (only available once) and one for completing the task.
The player needs to click the button when he or she feels

the goal is reached. The points the player earns in the feeling mode depends on how close the player’s temperature
is to the goal. The feeling mode is designed to explore if
the game can help players to learn how to accurately sense
their body temperature.
In the “challenge” mode, players can challenge each other
by proposing their own tasks (e.g. Rise your temperature to
37.5 ◦C and then drop to 36.7 ◦C ). After setting and achieving the task, the player can challenge the opponent to also
accomplish it. After the other player receives the task, he or
she needs to complete the task first as other general tasks
are locked. The amount of time for locking depends on the
difficulty of the challenge task. This mode is designed to
promote social interaction between players.
Game Time
As the game time depends on the duration that the sensor
stays inside the players’ bodies, we do not stipulate a specific end time. The two players may not play at the same
time, which the game supports. The game ends when one
of the players excretes the sensor, and the player who gains
more points wins the game. Players can see their own
points as well as the partner’s points during the gameplay.
This is designed to make the game end time be a playable
part as players can partly control the time to excrete the
sensor. We speculate that if one player performs better,
he/she will try to excrete the sensor as soon as possible, for
example by eating bananas [21].
Social Interaction
The two players can chat with each other using photos and
text through a dedicated chat window. After a player completes a task, a message will be sent to the other player
with an invitation to take a photo of how he/she feels. With
this, we try to encourage the players to provide feedback to
each other.

Future Work
In future work, we will recruit 12 participants to play the
game as part of their everyday lives. A semi-structured
interview will be conducted before the game. The interview will ask open-ended questions on how the players feel
about ingesting the sensor and what they expect from ingestible games. During the game, the temperature data,
game performance, play time and chat interaction will be
logged. The post-game interview will focus on their feelings
about ingesting the sensor and the experiences during the
game. After the data collection, thematic analysis will be
conducted. Interviews will be transcribed by two reseachers
independently and codes will be generated after the discussion between the two researchers. The coding categories
will be further analysed to understand the factors that affect
play experience. Strategies to design ingestible games will
then be proposed based on the results.

Conclusion
Our work contributes towards understanding novel interactions between humans and digital devices, in particular it
offers an initial understanding of ingestible game design.
With this, we hope to extend current genres of games and
help game designers create a wider range of future play
experience.
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