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ABSTRACT
This pictorial unpacks the prototyping journey of 
Digestive Tumble - a tangible system that demonstrates 
the processes involved in the human digestive system. 
The system aims to support awareness of our digestive 
processes and help users to make informed decisions 
about their dietary choices. Digestive Tumble consists 
of nine modules, where the modules visualise a 
unique stage of the digestion. The system represents 
the digestion of five major food groups: grains, meat, 
vegetables, fruits and dairy through colourful tokens. 
Users interact with the system by inserting tokens 
representing their meal. These tokens transform into 
colourful beads, which then traverse through different 
modules to show the digestion of the given meal. We 
reflect upon the steps involved in visualising an internal 
bodily process through a tangible system. We hope 
that our design reflection will inspire future systems on 
visualising other internal bodily processes to support 
body learning through everyday reflection.

INTRODUCTION
“You are not just what you eat, you are what you absorb.” 
- Thais Harris.

The human digestive system is one of the most important 
systems in our body [4]. It plays a vital role in converting 
food into nutrients, which the body then uses for energy, 
growth, and cell repair. Understanding the digestive 
system is the first step in raising interest in topics related 
to gut health and helping people to understand how 
their dietary choices impact their health and wellbeing 
[23]. 

While there exist several textbooks and websites 
describing the mechanism of our digestive tract and the 
factors involved, these mediums offer a static mode of 
learning where visualizing the operation of the digestive 
tract and movements of the food is difficult [3,35]. To 
overcome this, researchers have designed physical 
[14,15,28,43] and digital [1,7,13,24] replicas of the digestive 
system to support awareness through interactions. For 
example, Perkins e-learning program utilizes a series of 
tactile visualizations such as Knitted Digestive System 
[15] to help the visually impaired people understand the 

arrangement, sequence and structure of the digestive 
organs [14]. Body Odyssey [7] is a multimodal virtual 
reality based experience that allows individuals to learn 
about the digestive organs by letting them crawl inside 
the human body and explore the organs through visual, 
tactile, and auditory sensations. InsideOut [24] explores 
a playful representation of the digestive tract through 
the ingestion of imaging capsules and representing the 
data on an iPad. Finally, a large model of the human 
digestive system is also displayed at the MONA Museum 
in Australia [5] that shows the digestion of food from 
intake to excretion with realistic visuals and smells. 

These works however, offer general information related 
to the human digestive system with which an individual 
may not be able to relate on a personal level. Moreover, 
it could also be difficult to apply such factual knowledge 
in an everyday routine because of the subjectivity 
and diverse eating practices of any individual [37,38]. 
Besides, these works focus on creating awareness about 
the anatomical structure of the digestive tract, and give 
less emphasis on the processes that happen inside 
one’s digestive tract, which we consider as a missed 
opportunity. Understanding different processes may 
help in understanding how different foods get digested, 
which in turn could prompt individuals to eat a more 
diverse diet. As such, there have been limited attempts 
on representing digestive processes for everyday 
reflection, which we explore through Digestive Tumble. 
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1. Simplifying digestion - Our first aim was to visualise 
the invisible processes of the human digestive in a 
simplified manner. We wanted to present information 
about the differences in digesting different food items 
and the processes and transformation of food involved 
in the digestion. We took inspiration from the analogy 
of ‘our body as a factory’ and ‘organs as machines’ 
[10,33] to develop a tangible system for the human 
digestive system (refer Figure 1). Our digestive system, 
metaphorically could be thought of as a factory, where 
different digestive organs work together to break the 
food down into smaller pieces, chemically alter it using 
the digestive juices, extract the right nutrients from the 
food while discarding the waste. The resemblance to how 
a factory operates inspired our choices of visualising the 
digestive processes.  

2. Personal relevance - Instead of providing generic 
representation of digestion, we focussed on creating a 
system that is relevant for personal use. Our aim was to 
offer    visualisation of the digestion of different meals 
consumed in a day, so that users can reflect on their 
dietary choices.

3. Shared understanding - Our next aim was to support 
shared understanding of the individual digestive system. 
Hence, we focussed on making a tangible representation 
of digestion that can facilitate shared learning through 
physical interactions [15,28,43]. By externalizing our body 
organs and placing it in a shared setting at home, we 
aimed at creating a shared understanding of one’s 
digestive processes, where family members could reflect 
on the ‘how’ and ‘why’ of each other’s dietary choices. 
We took inspiration from playful tangible visualizations 
[20,44] to create a system that does not remain purely 
educational rather supports playful methods of learning 
a complex topic.

4. Glanceable feedback - Digestion is a slow process and 
we aimed at mimicking this slowness in our design. Our 
final aim was therefore to create a glanceable reflection 
tool [9] that does not require the continuous attention of 

users, instead can work silently in the vicinity. Users can 
check the status of their digestion as and when they want 
similar to checking time in a clock. In pursuit, we took 
inspiration from the existing works on ‘slow design’ and 
‘slow technology’ [11,12,29] to support deeper reflection 
on our dietary choices. Slow designs and slowing down 
key aspects of an artifact have proven to create more 
meaningful and mindful interactions with artifacts [11].

DESIGN GOALSIn this pictorial, we present Digestive Tumble, a playful 
tangible system that visualises the processes of the 
human digestive tract. The system highlights the 
differences in digesting different food items like fruits, 
vegetables and grains. Our interest in developing 
a tangible system of the human digestive system 
stems from the prior literature [6,30,34] that suggests 
the benefits and opportunities of using tangible user 
interfaces. For instance, studies suggest that tangible 
interfaces take advantage of the connection between 
body and cognition, and facilitate tangible thinking, 
which means thinking through bodily actions, physical 
manipulation and tangible representations [21]. By 
externalising the internal processes of digestion through 
a tangible system, we aim to provide individuals 
opportunities to discuss their dietary choices with others 
without any stigma, and encourage balanced and 
diverse diets through both self- and shared reflection. 
We however, acknowledge that human digestion is a 
complex topic and one’s digestive health is influenced 
by a variety of factors that include the user’s lifestyle, 
microbial exposures and genetics [31]. Digestive 
Tumble is a simplified version with a dedicated focus 
on demonstrating the internal digestive processes for 
different food groups. 

This pictorial makes two contributions: Firstly, through 
Digestive Tumble, we extend the HCI literature on body 
learning through tangible interactions [15,24,25,28]. 
To the best of our knowledge, this is the first system 
that visualizes the internal digestive processes to 
support reflection on our dietary decisions in everyday 
routine. Secondly, we reflect on our design process and 
highlight the key steps of creating a simple yet playful 
physical model of the human digestive system. These 
insights might also be useful for designers in creating 
interactive models for other complex human systems 
like respiratory and reproductive systems. Owing to the 
benefits that physical models offer [2,27,36], we envision 
more explorations like Digestive Tumble for changing the 
future of everyday reflection.
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Figure 1: Conceptualization of the human body as a factory with 
different organs functioning like machines to keep the body alive. 
The illustration is adapted from The Miracle of Life published by 
Odhams Press, London, 1940 [39].



DIGESTIVE TUMBLE 
Digestive Tumble is a tangible system that aims to create 
awareness of the complex activities of the human digestive 
system and foster self-reflection on one’s eating practices. 
The design of Digestive Tumble is inspired by popular games 
like Turing Tumble [45]  and Tetris [46], where objects fall from 
top to bottom on the game interface, similar to the way food 
travels through the digestive tract. This synergy also inspired the 
name Digestive Tumble that points to the tumbling effect, i.e., the 
downward motion of the food inside our digestive tract. 

Digestive Tumble visualises different stages of the human 
digestion process namely, feeding, chewing, swallowing, 
chemical breakdown, mechanical breakdown, nutrient 
absorption, fermentation and excretion. The system (532mm 
in height X 276mm in width) has nine modules, where the first 
eight modules represent a different stage of the digestion 
process and the last module provides users an opportunity to 
reflect on the different meals of a day (Figure 2). The system 
provides information about the differences in digesting different 
food items in terms of time and processes. Please refer to the 
Appendix for the detailed description of each module.

Digestive Tumble represents the digestion of five major food 
groups: grains, meat, vegetables, fruits, and dairy [26]. These 
food groups are represented through different colored circular 
acrylic tokens. During digestion, these food groups are converted 
into macronutrients like proteins, fats and carbohydrates. In 
Digestive Tumble, these macronutrients are represented through 
different colored plastic beads. These beads travel through the 
system at different rates depending upon the meal consumed 
by the user. For instance, since vegetables and fruits are quick to 
digest, the corresponding beads would traverse fast through the 
system whereas the beads that correspond to grains, meat and 
dairy will follow slow digestion rates. 

The system is designed to be used in home context and supports 
everyday reflection on an individual level. The user can place the 
system in the nearby vicinity. The system can serve as a guide 
on when to have the next meal or act as a visual food diary for 
a day. By periodically glancing at the system, the user can know 
the latest status of digestion for their consumed meal.

9. Reflection

1. Feeding

4. Chemical
Breakdown

8. Excretion

2. Chewing

3. Swallowing

5. Mechanical
Breakdown

6. Absorption

7. Fermentation

Figure 2:  
Digestive Tumble  

at a glance.



Figure 3: Diagram shows how the tokens and beads traverse through each module.

DIGESTIVE TUMBLE IN ACTION
We explain the working of Digestive Tumble through a scenario: Consider Robert 
has just consumed a plate of tomato and cheese pasta for his lunch and wants 
to reflect on how the pasta gets digested through Digestive Tumble (refer Figure 3 
for a stepwise process).
1.	 Robert first reflects on the food groups corresponding to his tomato pasta. 

The meal contains pasta, tomatoes, and cheese, which equates to grains, 
vegetables, and dairy food groups. He then picks up the yellow, green and 
grey tokens from the token plate, and inserts them into the Feeding module 
one after the other in any order.

2.	 The BLE sensor attached in the Feeding module detects the colour of the inserted 
tokens and triggers the Chewing module to release the corresponding number 
of beads. The three tokens are transformed into a total of 9 carbohydrates, 6 
protein and 2 fats beads. The inserted tokens traverse to the excretion module 
for later collection.

3.	 The coloured beads then traverse through the Swallowing module and reach 
the Chemical breakdown module.

4.	 Chemical breakdown module consists of a rotary panel that rotates all the 
beads and bounces them on the inner wall, representing the coating of 
chemical enzymes along the stomach lining. 

5.	 The beads then move to the Mechanical breakdown module, where the beads 
are mixed around and knocked against each other to represent the structural 
disintegration of food in the stomach. This act of knocking generates a pleasant 
sound that serves as a subtle audio feedback on the progress of the digestion. 

6.	 The beads then traverse to the Absorption module, where some of the beads 
are randomly removed along the pathway to represent the absorption of 
nutrients into the bloodstream. 

7.	 The remaining beads then traverse to the Fermentation module, where they 
are poked up and down by a zig-zag panel. This poking mechanism represents 
the fermentation of the remaining food particles that were not absorbed into 
the bloodstream.

8.	 The Excretion module stores all the beads once the food has gone through the 
entire digestive system. Robert can release all the beads by pushing the slide, 
representing the excretion through the rectum. He can then stack these beads 
into the Chewing module for further use.  

9.	 Robert finally collects all the tokens from the Excretion module and stacks them 
in the Reflection module. He can also create a visual food diary by stacking 
tokens from different meals of the day, and can reflect on his food choices.
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5. Mechanical breakdown

7. Fermentation 8. Excretion

1. Inserting tokens 
     into feeding 
     module after meal
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     to the reflection 
     modules

4. Chemical breakdown

6. Absorption

Internal action

User action



Figure 4: Categorisation of food  
as defined by Australian Dietary 
Guidelines [26].
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DESIGN PROCESS
We employed the Research through Design approach 
[41] to develop Digestive Tumble. The design was led by 
a team of industrial designers and computer scientists 
with expertise in digital health and interaction design. 
The system was iteratively designed over a period of 10 
months, where different iterations were trialled with the 
lab members. The design process involved exploration 
of different materials, hardware schemas and group 
discussions that prompted iterations of the design goals 
as well as the design. Owing to the space constraint, 
below we describe the key aspects of our design as they 
emerged during the design process. While the design 
process followed a complex process, where different 
concepts and modules progressed in parallel, we present 
them in a sequential order for simplicity.

1) REPRESENTING FOOD GROUPS
When we started this work, our first goal was to decide 
on how to represent different types of foods. We 
initially considered representing all kinds of foods. 
However, representing the diverse variety of food in the 
system would have added unnecessary complexity of 
recognizing and tailoring each food individually. Instead, 
we focused on representing the five core food groups 
and their portions as described by Australian Dietary 
Guidelines [26] (refer Figure 4): grains, meat, fruits, 
vegetables and dairy. Drawing inspiration from vending 
machines, we decided to use circular tokens of different 
colors to represent each food group. We also created a 
token plate (refer Figure 5) resembling categorisation of 
food as defined by Australian Dietary Guidelines. Each 
token is made of acrylic and is 24mm in diameter and 2 
mm in thickness. We carefully chose vivid colors so that 
they are easy to distinguish both by the users as well as 
the system. One token here represents one serving (i.e., 
one cup) of the given food group. In the future, we plan 
to build a smartphone app that can do a more accurate 
conversion for all kinds of meals and also to assist users 
in breaking down their meal in terms of five food groups. 

Figure 5: We created a token 
plate to represent the food 
categorisation.



Figure 8: Digestive Tumble represents the digestion rate of 
different meals through a stepper motor.

Figure 6: Items from different food groups take different time to 
digest. Meat takes the longest time to digest whereas fruits take 
the least time.

- 30 - 40 + 90 + 120 + 180

Fruit Vegetable Dairy Grain Meat

Time (mins)

Figure 7: Digestive Tumble will run for 650 min. to show the 
digestion of a plate of tomato cheese pasta.

Default  
digestion time 

480 mins

+ 120 mins - 40 mins + 90 mins

After deciding on the food groups, the next important 
question was to represent the digestion rate. Deciding 
the digestion rate of a meal was challenging, because it 
varies based upon the composition of the meal [42] as 
well as users’ eating habits [22], for example, fast eaters 
vs. slow eaters. Also, one meal may consist of one or 
more food groups. However, for simplicity, we focused on 
the food composition of the meal against other factors. 

We learnt from the existing resources [47,48] that a fruit 
plate takes about an hour to digest while meat can take 
up to three days to digest. Drawing on these insights, 
we mapped each food group to a specific digestion 
rate to calculate an approximate duration of digestion 
for a meal (Figure 6). Since fruits and vegetables are 
high in fibre, they speed up the digestion rate, hence we 
categorized them as subtractive tokens. On the other 
hand, grains, meat and dairy slow down the digestion 
due to their complex molecular structure, hence they 
are categorised as additive tokens. The value of different 
food groups are added or subtracted to calculate the 
overall digestion rate for a meal.

In Digestive Tumble, we have set a default time of 8 
hours (480 mins.) as the digestion rate of a meal. This 
time changes based on the combination of food groups 
present in the meal and it is controlled by a stepper motor Default 1.8° step per  

5000 milliseconds

12V Nema-17 Stepper 
Motor mounted at 

the back to operate 
Digestive Tumble

2) REPRESENTING THE DIGESTION RATE 

Table 1: Time approximations for different food groups.

Grain

+1200

Meat

+1500

Vegetable

-1000

Dairy

+1000

Fruit

-800

Food Group

Time 
(miliseconds)

mounted at the back of the system (refer Figure 8). The 
motor runs with a default step angle of 1.8 degree per 
5000 millisecond (ms). However, the motor is speeded 
up or slowed down depending upon the tokens inserted. 

Considering the previous example of tomato cheese 
pasta, if the user inserts grain, vegetable and dairy tokens 
to reflect on his meal, the system will add 120 minutes 
for the grain, subtract 40 minutes for the vegetables 
and add another 90 minutes for dairy, making the total 
duration to 650 minutes to run the system (refer Figure 
7). Table 1 represents the time assigned to each food 
group, which guides the motor speed. For example, a 
fruit token will reduce the rotatory time of the motor by 
800 ms (i.e., 5000-800 = 4200ms), hence will speed up 
the motor. The system will calculate a cumulative time 
for all the tokens inserted to represent the digestion rate 
of the given meal. 

We note here that the duration is an approximation 
and digestion rate can differ based on users’ genetics, 
age, sedentary lifestyle as well as how and in what 
combination the food is consumed. In the current 
prototype, we have not included the influence of these 
factors on digestion rate for simplicity, but in future 
versions, we aim to offer customization options for users 
to tailor the speed of the motor based on their lifestyle.



Table 2: Conversion of the main food groups into macronutrients. 
We allocated 0-3 macronutrient beads for each food token, with 
0 being nil and 3 being the most in the particular nutrient.  

#CarbohydrateFood Groups

Grain
+

+-

+ - -

+

+

+

+

+

+ -

+

Meat

Fruits

Vegetables

Dairy

# Protein # Fat

Figure 10:  Chocolate candy changing its shape to illustrate 
different digestive processes.

Ready to be absorbed Disintegration

Chocolate candy Making it bolus

Further break-down

Figure 9: Transformation of meat in the digestive tract during 
digestion.
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After finalizing the food groups and digestion rate, we next 
looked into how to represent the food transformation. 
Food goes through multiple transformations (refer Figure 
9) during the overall process of digestion. The digestion 
process starts when we put food in the mouth for feeding 
ourselves. We then chew the food in our mouth, where it 
gets mixed with the saliva, and the transformation of the 
food starts from here itself. Here, food is broken down into 
macronutrients such as fats, proteins, and carbohydrates 
before being swallowed into the stomach. In the 
stomach, the food is further disintegrated into smaller 
particles through chemical and mechanical breakdown 
processes before being emptied into the small intestine 
where nutrient absorption takes place. The remainder 
of the food is then moved to the large intestine, where 
fermentation takes place. This process is facilitated by 
bacterias that support the breakdown of waste. The final 

stage of the digestion process happens in the rectum, 
where the waste products are stored and eliminated 
out of the body. In a nutshell, every consumed food item 
gets transformed into different ratios of micronutrients, 
i.e., carbohydrates, proteins and fats. We referred to the 
Diabetic Exchange System Database [8] and created an 
estimation of macronutrients for different food groups 
as shown in Table 2.

To visually represent the transformation of food 
groups to macronutrients, we initially thought of using 
the Gobstopper Candy [49], taking inspiration from 
the marble balls as used in marble machines and 
STEM games like Turing Tumble [45]. Our idea was to 
transform the candy along the different processes of 
digestion to mimic the food transformation as shown in 
Figure 10. We were also inspired by the positive influence 

of using food materials on user behaviour and attitude 
[16,19]. However, we encountered technical issues when 
changing the physical state of candies inside the system. 
Owing to issues related to food handling (hygiene), food 
waste and blocking of the system with molten candies, 
the idea was discarded. We also discarded the idea 
of physically transforming an item, from solid state to 
powder (refer Figure 10). Instead we relied on conceptual 
transformation where the circular tokens representing 
food groups get transformed into beads that represent 
the macronutrients. We decided to use 10mm diameter 
jewelry beads of different colours to represent the 
macronutrients (refer Table 2). 

3) REPRESENTING FOOD TRANSFORMATION



Figure 11: Fermentation module utilizes a zig-zag conveyor belt 
to move beads.

Objects moving on the conveyor belt

Figure 12: Chewing module uses the hold and release mechanism 
to release beads.

Hold and release  
by claws

hold release

Figure 13: Mechanical breakdown module utilizes the mixer 
blades to show the breakdown of food.

The blades of   
mixers & grinders

Certain processes in our digestive system involve the 
breakdown of food into smaller pieces with or without any 
fluids like acids and enzymes [40]. Chewing, fermentation, 
chemical and mechanical breakdown are all examples 
of mechanical processes. We thought of including fluid 
components in our design but later discarded the idea 
to keep the design simple and hygenic. Instead we relied 
on industrial metaphors to communicate the essence 
of each process. Below we describe our thinking behind  
the four mechanical processes.

Fermentation is the enzymatic decomposition of 
those food particles that are not yet absorbed into the 
bloodstream. The process involves microbes getting 
attached onto the nutrients and fermenting them. We 
represented this act of microbe attachment by a poking 
mechanism. We designed a pushing mechanism that 
alternatively moves up and down to simulate the poking 

act (refer Figure 11). The zig-zag movement is built upon 
the conveyor belt mechanism, where the food moves 
in  a horizontal direction but with a delay caused by the 
fermentation process.

Chewing process breaks down the chunks of food into 
smaller nutrient particles for digestion. We represented 
this transformation of food into macronutrients by 
changing the food tokens into beads, which are smaller 
in size than the tokens. Every token is assigned with a 
defined set of beads (refer Table 2). We used the hold 
and release mechanism to streamline this process of 
conversion and release of beads (refer Figure 12). The 
module consists of three storage spaces that store the 
coloured beads. At the back of each storage space, a 
servo motor (Tower Pro Micro Servo 9g) is attached that 
releases the beads according to the token inserted. 

Mechanical breakdown involves continuous mixing, 
compressing and shearing of food particles to break 
the food down into smaller particles. We visualised this 
process by designing a mixer-like blade that spins the 
beads, knocking them against each other to represent 
the mechanical disintegration of food (refer Figure 13). 
The audio feedback of the beads knocking each other 
also creates an illusion of the beads breaking down into 
smaller pieces.

4) REPRESENTING THE MECHANICAL PROCESSES OF DIGESTION



Figure 14: Feeding module consists of a pipe 
shaped tract.

Regular flow  
through a pipe

Slide to release

Figure 15: Excretion module consists of a slider 
to control the flow of beads.

on

off

Controlling the 
flow through a 
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Figure 16: Working of the Absorption module.
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Figure 17: Swallowing module utilises a rotary 
mechanism to control the flow of beads.

Controlling the 
flow through a 
rotary valve

Besides transformation, certain 
processes in our digestive system involve 
movement of food from one organ to 
another. This movement is supported 
by involuntary wave-like muscle 
contractions, referred to as peristalsis 
wave motion [32] and it is used by four 
processes, namely, feeding, swallowing, 
absorption and excretion. Initially, we 
considered using a series of actuators 
to recreate the peristalsis wave motion 
for these processes. However, this idea 
requires several actuators for creating 
only one wave motion - which we felt was 

unnecessary. We then focussed on the 
‘involuntary’ process of peristalsis motion 
and abstracted it as ‘not needing energy’ 
to activate the process. In pursuit, we 
used different commonly seen industrial 
mechanisms to visualise these processes.

Feeding involves the act of putting food 
into the mouth. To represent this process, 
we designed the module with a tract 
(resembling a pipe), where the user can 
insert tokens (refer Figure 14). The tract 
will then lead the tokens into the next 
module.

Excretion represents pushing the waste 
food particles out of the body through 
rectum. The module takes inspiration 
from a valve and allows the user to 
manage the beads through a slider (refer 
Figure 15).

Absorption of nutrients is another 
process that involves movement of 
food nutrients from the small intestine 
into the bloodstream. We demonstrated 
this act through removing beads from 
the module by making holes at certain 
locations along the tract (refer Figure 16). 

These holes open at defined intervals, 
similar to the valves in pipes. Beads falling 
in these holes mimic the act of nutrients 
being absorbed into the bloodstream.

Swallowing is the act of pushing the food 
down from the mouth to the esophagus. 
The module consists of a rotating divider 
that rotates with the weight of beads to 
move the beads down to the Chemical 
breakdown module (refer Figure 17). The 
rotary valve helps in streamlining the flow 
of beads, thereby avoiding any choking 
issue. 

5) REPRESENTING THE MOVEMENT BASED DIGESTIVE PROCESSES



Figure 18c:  Using geometrical figures to 
visualise the digestive tract.

Figure 18d: Making the design modular.Figure 18b: Simplifying the digestive tract.
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Figure 18a: Arrangement of different organs in 
the digestive tract.
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The final aspect of our design was the 
representation of the digestive tract 
involving multiple organs that perform 
different tasks for digestion [40]. These 
organs are mouth for chewing, esophagus 
for swallowing, stomach for digestion, 
small intestine for absorption, large 
intestine for fermentation and rectum for 
excretion (refer Figure 18a). These organs 
follow a non-linear arrangement and are 
compactly arranged inside our body, 
e.g., small intestine is a 22 foot long tube 
that is tightly organised in a small place 
between the stomach and large intestine. 
Additionally, the shapes of different 
organs of the digestive tract vary from 
tubular to complex geometrical shapes.

We started by creating less detailed and 
abstract visualisations of each organ 
of the digestive tract with the aim to 
highlight the processes over anatomical 
structures (refer Figure 18b). During this 
activity, we learnt that some organs 
perform more than one process. For 
example, the stomach first helps in the 
chemical breakdown of the food and 
later gets involved in the mechanical 
breakdown. Also, multiple organs are 
involved in performing one process. 
Moreover, the processes are not linear 
and different processes happen in 
parallel. 

We decided to break down the 
arrangement of organs into processes 
and represent these processes using 
geometrical figures such as square, 
rectangle and L-shapes (refer Figure 18c). 
We tried to represent the arrangement 
of modules as closely as possible to the 
arrangement of the digestive tract. For 
instance, we placed the chewing process 
at the top to represent the beginning of 
the digestion process, stomach module 
in the middle and the excretion process 
at the bottom to represent the end. But 
at the same time, we also focussed on 
representing the different processes 
independently through geometrical 
shapes.

All the processes involved in digestion are 
unique in their mechanism. Hence, we 
created a modular design for our system, 
where each process is represented 
separately by a module (refer Figure 18d). 
Each module has a tract that connects it 
to the next module. While all modules are 
joined to present the digestion process, 
users can also work with each module 
separately to understand how a specific 
process works out for the given food. The 
use of simple geometrical figures ensured 
that each process module remained 
intact into the base, as shown in Figure 19.

6) REPRESENTING THE DIGESTIVE TRACT



7) MAKING DIGESTIVE TUMBLE SUITABLE FOR HOME USE

We designed Digestive Tumble to work as a standalone 
unit at home and needs input only in the form of tokens. 
The system does not require any data communication 
through Bluetooth or Wi-Fi. The system follows a 
minimalistic use of electronics and runs mostly with 
mechanical gears. For instance, all the modules that 
have a rotating mechanism (except the Feeding 
module) work through a gear. The system consists of 12 
various sized gears controlled by a stepper motor that 
runs via Arduino. We used AutoCAD software to design 
customized gears for each module. Moreover, we used 
GearGenerator [50] to visualise the correct direction 
of rotation for each gear so that all the modules could 
work as intended (see Figure 19). To avoid the issue of 
overheating of the stepper motor, we mounted it at the 
back of the model which is open and well-ventilated. 

The system is packed with a transparent acrylic cover, 
which holds all the modules, tokens and beads together. 
The transparent cover has two defined cuts near the 
Reflection and Excretion modules to allow handling of 
the beads and tokens. There are no exposed electronic 
components nor the system makes use of any chemicals, 
hence making the system safer to use in everyday 
context. Digestive Tumble however, needs direct power 
supply to power the following three components: (i) 
Arduino Nano 33 BLE Sense used to detect the token 
colours, (ii) Stepper motor used to power the gear 
systems, (iii) 3 servos (Tower Pro Micro Servo 9g) to 
release the beads. 

Accommodating varying lighting settings at home

Digestive Tumble utilises a BLE sensor to detect the 
colour of the token inserted. Accuracy of the colour 
detection however, depends upon the room lighting. 
We mounted a small LED light on the top of the system 
to provide consistent lighting to the BLE sensor, thus 
ensuring correct detection of tokens in different light 
settings (refer Figure 20).

FINAL REFLECTIONS
We presented the design of Digestive Tumble, a tangible 
system that aims to create awareness on the processes 
involved in the human digestive system on a daily basis. 
The system demonstrates how the food goes through 
different processes by using physical metaphors 
like tokens and beads. We reflected on our Research 
through design prototyping journey and described the 
key steps involved in visualising the invisible digestive 
processes through a tangible system. We described 
how we represented the composition of food through 
five food groups; how we represented the digestion rate 
of different food groups through industrial processes; 
how we represented the transformation of food through 
tokens and beads; how we represented the different 
mechanical and movement based processes through 
different industrial mechanisms; and finally how we 
represented the physical appearance of different organs 
and their connections through geometrical shapes. 
We envision that these steps may also help designers 
to visualise other bodily processes such as respiratory 
systems or reproductive systems through tangible 
systems. 

Transparent cover

Modules

Gear systems

Base

Servo Motor

Figure 19: Digestive Tumble follows a minimalistic design, and 
utilises 12 various sized gears and 1 stepper motor to run all nine 
modules. The system is attached with a transparent cover to 
avoid spilling of beads and tokens and to keep all the modules 
intact. 

Figure 20: Digestive Tumble is attached with an LED light to 
provide consistent lighting to the BLE sensor. 



We now reflect on the design goals that we formulated 
at the beginning of our design journey and describe how 
we achieved our goals. 

Simplifying digestion: Digestive Tumble presents a 
simplified view of all the processes involved in digestion. 
We included a certain level of abstraction to simplify 
the complex digestive processes so that users can 
easily understand the processes. For instance, showing 
the chemical breakdown process through liquids or 
acids was not feasible for a system that is designed 
for home use. Instead, we showed the process of the 
chemical enzymes getting coated on the food through 
the rotational mechanism. Additionally, while the food 
changes its physical form in many ways during the 
whole digestion process, we took a simplified approach 
to represent the transformation of food through tokens 
and beads. 

We have used an estimated digestion rate to 
demonstrate the digestion rate of different food 
groups like carbohydrate, meat, dairy, fruits and 
vegetables. We have also used approximations to 
define the macronutrients present in different food 
groups. These approximations are limitations of our 
system, and future investigations are required to make 
such systems more accurate. However, this level of 
abstraction was necessary to imbue an interest and 
easy understanding of the complex digestion processes. 
When we use abstractions, we hide the complexity of 
the actual processes and introduce new complexity. 
Hence, abstraction creates a challenge that users may 
not understand what each module represents for the 
first couple of interactions. However, previous works 
[17,18] suggest that understanding of abstract physical 
visualisations improve over time. Our next step is to 
conduct field studies of Digestive Tumble to understand 
the challenges and benefits of simplifying the digestive 
process.  

Personal relevance and shared understanding: 
Digestive Tumble is designed to be used on an individual 
level by showing the digestion of food consumed by 

the individual at different times of a day. The individual 
inserts the tokens representing the consumed food 
into the system and observes how the food undergoes 
transformations across different modules (processes). 
While the system demonstrates the working of the 
digestive system for an individual, the placement of 
the system in the home environment will also invite 
opportunities for shared reflection. For instance, being 
present in the shared setting of a household, the 
system may invite conversations around the digestion 
process, food choices and overall health among the 
family members and beyond. Besides, the abstraction 
used in each module will also help people to talk about 
the bodily processes more openly. For instance, the 
excretion process does not contain the stigmatic details 
like colour, shape or odour of the stool, hence providing 
opportunities to discuss the processes both in general 
and in relation to their body. Discussing the digestive 
system such as the excretion, constipation or being 
gassy holds stigma and people do not talk about them 
freely. By externalizing the internal processes and putting 
them out on display, we provide a different perspective 
to reflect on one’s digestion process. 

Taking inspiration from the ‘body as a factory’ 
concept, we used familiar metaphors of machines and 
industrial processes to communicate a preliminary 
understanding of the human digestive system. While 
this concept helped in creating tangible visualisations 
of the invisible bodily processes, it also made our 
understanding of the digestive processes limited. For 
instance, this concept considers every human body as 
the same, and there is no consideration of other factors 
like lifestyle, genes, microbiota, cultural upbringing and 
environmental factors. More explorations are needed 
to allow customisation of the system based on the 
personal factors. For example, an athlete with an active 
day can speed up the system working, whereas a user 
with a sedentary routine may slow down the system 
working. Future works can also explore the opportunities 
to increase the personal relevance of the system by 
visualizing the processes behind the common digestive 

issues like bloating, flatulence, burping and acidity. 

Glanceable feedback: Digestive Tumble is designed in 
white colour and has no flashy components so that it 
can merge well in the home setting. While the modules 
of the system are white in colour, the beads are colourful 
to support glanceable feedback. The size of the system 
is also carefully designed so that users can glance 
at the modules from a distance to check the status of 
their digestion. Digestive Tumble mimics the slowness 
involved in the digestion processes and presents the 
digestion of a meal over a long period. For instance, 
the system takes up to 2-4 hours to show the digestion 
of a meal, where the time varies depending upon the 
food composition of the meal. Digestive Tumble aims to 
support slow reflection on our digestion processes. The 
tokens and beads support multimodal interactions (i.e., 
visual, tangible and audio) with the system. We hope 
that the multimodality, slowness and playfulness in 
interactions will allow deeper reflections on one’s dietary 
choices, encouraging them to adopt a diverse diet.

Figure 21: Digestive Tumble in the close vicinity of a user. 



REFERENCES
[1]	 Eshita Sri Arza, Harshitha Kurra, Rohit Ashok 

Khot, and Florian ’floyd’Mueller. 2018. Feed 
the Food Monsters!: Helping Co-diners Chew 
their Food Better with Augmented Reality. In 
Proceedings of the 2018 Annual Symposium on 
Computer-Human Interaction in Play Companion 
Extended Abstracts, 391–397.

[2]	 Samy A. Azer and Sarah Azer. 2016. 3D Anatomy 
Models and Impact on Learning: A Review of 
the Quality of the Literature. Health Professions 
Education 2, 80–98. https://doi.org/10.1016/j.
hpe.2016.05.002

[3]	 Lucille Hollander Blum. 1977. Health informa-
tion via mass media: study of the individual’s 
concepts of the body and its parts. Psychological 
reports 40, 3 Pt 2: 991–999.

[4]	 Britannica Educational Publishing. 2010. The 
Digestive System. Britannica Educational Pub-
lishing.

[5]	 Shannon Connellan. 2017. This “poop machine” 
could assist in the fight against bowel cancer. he-
lios.web. Retrieved August 2, 2021 from https://
mashable.com/article/poo-machine-testing-bow-
el-cancer

[6]	 Min Fan, Alissa N. Antle, and Emily S. Cramer. 
2016. Exploring the Design Space of Tangible 
Systems Supported for Early Reading Acquisi-
tion in Children with Dyslexia. In Proceedings 
of the TEI ’16: Tenth International Conference 
on Tangible, Embedded, and Embodied Interac-
tion. Association for Computing Machinery, New 
York, NY, USA, 689–692.

[7]	 Satoshi Fujisawa, Takeo Hamada, Ryota Kondo, 
Ryohei Okamoto, and Michiteru Kitazaki. 2017. 
A body odyssey. Proceedings of the 8th Augment-
ed Human International Conference on - AH ’17. 

https://doi.org/10.1145/3041164.3041209

[8]	 Patti Bazel Geil. 2008. Choose Your Foods: 
Exchange Lists for Diabetes: The 2008 Revision 
of Exchange Lists for Meal Planning. Diabetes 
spectrum: a publication of the American Diabetes 
Association 21, 4: 281–283.

[9]	 Rúben Gouveia, Fábio Pereira, Evangelos Kara-
panos, Sean A. Munson, and Marc Hassenzahl. 
2016. Exploring the design space of glance-
able feedback for physical activity trackers. In 
Proceedings of the 2016 ACM International Joint 
Conference on Pervasive and Ubiquitous Com-
puting (UbiComp ’16), 144–155.

[10]	 Dan Green. 2012. The Human Body Factory: The 
Nuts and Bolts of Your Insides. Kingfisher.

[11]	 Barbara Grosse-Hering, Jon Mason, Dzmitry 
Aliakseyeu, Conny Bakker, and Pieter Desmet. 
2013. Slow design for meaningful interactions. 
In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI ’13), 
3431–3440.

[12]	 Lars Hallnäs and Johan Redström. 2001. Slow 
Technology – Designing for Reflection. Personal 
and Ubiquitous Computing 5, 201–212. https://
doi.org/10.1007/pl00000019

[13]	 Thuong N. Hoang, Hasan S. Ferdous, Frank 
Vetere, and Martin Reinoso. 2018. Body as a 
Canvas: An Exploration on the Role of the Body 
as Display of Digital Information. In Proceed-
ings of the 2018 Designing Interactive Systems 
Conference (DIS ‘18). Association for Comput-
ing Machinery, New York, NY, USA, 253–263. 
DOI:https://doi.org/10.1145/3196709.3196724

[14]	 Laura Hospitál. 2015. Digestive System Model 
Demonstrating Sequence and Length of Organs. 
Perkins - School for the blind. Retrieved January 

8, 2020 from https://www.perkinselearning.org/
accessible-science/activities/digestive-system-
model-demonstrating-sequence-and-length-or-
gans

[15]	 Sarah Hughes. 2015. From Tactile Models to 
Tactile Graphics. Perkins - School for the blind. 
Retrieved January 8, 2020 from https://www.
perkinselearning.org/accessible-science/blog/
tactile-models-tactile-graphics

[16]	 Rohit Ashok Khot, Deepti Aggarwal, Ryan Pen-
nings, Larissa Hjorth, and Florian ’floyd’Mueller. 
2017. EdiPulse: Investigating a Playful Approach 
to Self-monitoring Through 3D Printed Chocolate 
Treats. In Proceedings of the 2017 CHI Confer-
ence on Human Factors in Computing Systems 
(CHI ’17), 6593–6607.

[17]	 Rohit Ashok Khot, Larissa Hjorth, and Florian 
Mueller. 2020. Shelfie: A Framework for Design-
ing Material Representations of Physical Activity 
Data. ACM Trans. Comput.-Hum. Interact. 27, 3: 
1–52.

[18]	 Rohit Ashok Khot, Larissa Hjorth, and Florian 
’floyd’Mueller. 2014. Understanding physical 
activity through 3D printed material artifacts. In 
Proceedings of the SIGCHI Conference on Hu-
man Factors in Computing Systems (CHI ’14), 
3835–3844.

[19]	 Rohit Ashok Khot, Jeewon Lee, Deepti Aggar-
wal, Larissa Hjorth, and Florian ’floyd’Mueller. 
2015. TastyBeats: Designing Palatable Represen-
tations of Physical Activity. In Proceedings of the 
33rd Annual ACM Conference on Human Factors 
in Computing Systems (CHI ’15), 2933–2942.

[20]	 George Khut. The Heart Library Project. George 
Kut - interactive art. Retrieved March 8, 2020 
from http://www.georgekhut.com/portfolio/the-



heart-library-project/

[21]	 Scott R. Klemmer, Björn Hartmann, and Leila 
Takayama. 2006. How bodies matter. Proceed-
ings of the 6th ACM conference on Design-
ing Interactive systems - DIS ’06. https://doi.
org/10.1145/1142405.1142429

[22]	 Emma M. Krop, Marion M. Hetherington, 
Chandani Nekitsing, Sophie Miquel, Luminita 
Postelnicu, and Anwesha Sarkar. 2018. Influence 
of oral processing on appetite and food intake--A 
systematic review and meta-analysis. Appetite 
125: 253–269.

[23]	 Kamran B. Lankarani. 2016. Diet and the Gut. 
Middle East journal of digestive diseases 8, 3: 
161–165.

[24]	 Zhuying Li, Yan Wang, Jacob Sheahan, Beisi 
Jiang, Stefan Greuter, and Florian Floyd Muel-
ler. 2020. InsideOut: Towards an Understanding 
of Designing Playful Experiences with Imag-
ing Capsules. In Proceedings of the 2020 ACM 
Designing Interactive Systems Conference (DIS 
’20), 601–613.

[25]	 Roozbeh Manshaei, Nauman Baig, Sean Delong, 
Shahin Khayyer, Brien East, and Ali Mazalek. 
2017. Tangible mtDNA: A Tangible Tabletop 
System for Exploring Genetic Mutations on 
Mitochondrial DNA Cancer Data. In Proceed-
ings of the Eleventh International Conference on 
Tangible, Embedded, and Embodied Interaction 
(TEI ‘17). Association for Computing Machinery, 
New York, NY, USA, 101–110. DOI:https://doi.
org/10.1145/3024969.3025005

[26]	 National Health and Medical Research Council. 
2013. Australian Dietary Guidelines.

[27]	 Dina L. Newman, Megan Stefkovich, Catherine 
Clasen, Margaret A. Franzen, and L. Kate Wright. 
2018. Physical models can provide superior 

learning opportunities beyond the benefits of 
active engagements. Biochemistry and molecular 
biology education: a bimonthly publication of the 
International Union of Biochemistry and Molecu-
lar Biology 46, 5: 435–444.

[28]	 Leyla Norooz, Matthew Louis Mauriello, 
Anita Jorgensen, Brenna McNally, and Jon E. 
Froehlich. 2015. BodyVis: A New Approach to 
Body Learning Through Wearable Sensing and 
Visualization. In Proceedings of the 33rd Annual 
ACM Conference on Human Factors in Comput-
ing Systems (CHI ’15), 1025–1034.

[29]	 William Odom, Richard Banks, Abigail Durrant, 
David Kirk, and James Pierce. 2012. Slow tech-
nology: critical reflection and future directions. In 
Proceedings of the Designing Interactive Systems 
Conference (DIS ‘12). Association for Comput-
ing Machinery, New York, NY, USA, 816–817. 
DOI:https://doi.org/10.1145/2317956.2318088

[30]	 Hyunjoo Oh and Mark D. Gross. 2015. Cube-in: 
A Learning Kit for Physical Computing Basics. 
In Proceedings of the Ninth International Con-
ference on Tangible, Embedded, and Embodied 
Interaction (TEI ’15), 383–386.

[31]	 Nandini Pasumarthy, Yi Ling (Ellie) Tai, Rohit 
Ashok Khot, and Jessica Danaher. 2021. Gooey 
Gut Trail :Demystifying Human Gut Health 
Through a Board Game. In Creativity and Cog-
nition (C&C ‘21). Association for Computing 
Machinery, New York, NY, USA, Article 19, 1. 
DOI:https://doi.org/10.1145/3450741.3465390

[32]	 William G. Paterson. 2006. Esophageal peristal-
sis. GI Motility online. https://doi.org/10.1038/
gimo13

[33]	 Rick Poynor. 2014. The body as factory: anat-
omy of a New Scientist cover image. Retrieved 
February 10, 2021 from https://designobserver.

com/feature/the-body-as-factory-anatomy-of-an-
image/38492

[34]	 Sara Price. 2008. A representation approach to 
conceptualizing tangible learning environments. 
In Proceedings of the 2nd international confer-
ence on Tangible and embedded interaction (TEI 
’08), 151–158.

[35]	 C. K. Schmidt. 2001. Development of children’s 
body knowledge, using knowledge of the lungs as 
an exemplar. Issues in comprehensive pediatric 
nursing 24, 3: 177–191.

[36]	 Stephen Silverman and Kevin Mercier. 2015. 
Teaching for physical literacy: Implications to 
instructional design and PETE. Journal of Sport 
and Health Science 4, 2: 150–155.

[37]	 Birgitte Stougaard, Gunnhildur Óskarsdóttir, 
Ane Fleischer, Eila Jeronen, Finnur Lützen, and 
Roar Kråkenes. 2011. Children’s ideas about the 
human body: A Nordic case study. Nordina 7, 2: 
179–189.

[38]	 Alan Warde. 2016. The Practice of Eating. John 
Wiley & Sons.

[39]	 Harold Wheeler. 1940. The Miracle of Life. 
Odhams Press, London.

[40]	 Eric Widmaier, Hershel Raff, and Kevin Strang. 
2013. Vander’s Human Physiology: The Mecha-
nisms of Body Function, 13th Edition. McGraw-
Hill Education.

[41]	 John Zimmerman, Jodi Forlizzi, and Shelley 
Evenson. 2007. Research through design as a 
method for interaction design research in HCI. 
In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (CHI ’07), 
493–502.

[42]	 How Long Different Foods Take to Digest and 
Why It’s Important to Know. BrightSide — Inspi-



ration. Creativity. Wonder. Retrieved September 
28, 2020 from https://brightside.me/inspiration-
health/how-long-different-foods-take-to-digest-
and-why-its-important-to-know-613710

[43]	 Digestive System Experiment. STEM Learning. 
Retrieved January 8, 2020 from https://www.
stem.org.uk/resources/elibrary/resource/35396/
digestive-system-experiment

[44]	 Gut Feelings. Melbourne Museum. Retrieved 
March 8, 2020 from https://museumsvictoria.
com.au/melbournemuseum/whats-on/gut-feel-
ings/

[45]	 Turing Tumble - Build Marble-Powered Comput-
ers. Retrieved August 2, 2021 from https://www.
turingtumble.com/

[46]	 Play Tetris. Retrieved August 2, 2021 from 
https://tetris.com/play-tetris

[47]	 How Long Different Foods Take to Digest 
and Why It’s Important to Know. Bright Side. 
Retrieved April 8, 2020 from https://brightside.
me/inspiration-health/how-long-different-
foods-take-to-digest-and-why-its-important-to-
know-613710/

[48]	 Time to digest foods and why it’s important. Nest 
& Glow. Retrieved April 8, 2020 from https://
www.nestandglow.com/healthy-food/food-diges-
tion-times

[49]	 Everlasting Gobstopper Candy 5oz. Retrieved 
August 2, 2021 from https://usafoods.com.au/
products/everlasting-gobstopper-candy

[50]	 Gear Generator. Gear Generator. Retrieved July 
29, 2020 from https://geargenerator.com




