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Figure 22 First technical prototype mid presentation example 1 Figure 23 First technical prototype mid presentation example 2
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Figure 24 First technical prototype mid presentation example 3
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Development and Design of the Prototype

Scentsory

9.2.1

Navigation in the prototype

In all games, you have the navigation of the gameplay; on the other hand, you have
the interactions to start, stop and pause. For the navigation of the gameplay, we
have the interactions between the player figure and the scented cards.

Another challenge is the restart part. When does the game restart? Can the user
restart the game on its own? How does the restart look like? We think it may be
possible that a user might abandon the game at any point of the game. So being
able to restart is essential. We thought the user could turn the game character by
360 degrees to reset the game and start from the beginning. But how do you com-
municate this to the user?

We introduced the tutorial as an introduction. The user needs to navigate between
the different steps, either going forward or backward. But only in the introduction
phase at the beginning and at the end, as the game in the middle is playable with
the game character and the scented cards by pulling them together. To solve this
we wanted to introduce a navigation card for players. It would be its own card and
one could turn it to select an item from the menu that is listed around the naviga-
tion card. To select you would turn the card and leave the card in the selected ro-
tation in order to confirm the selection. This introduced another set of challenges.
Will the user understand what the navigation card is for and how it should be used?
Additionally, every player would need a navigation card, but then which navigation
card belongs to which player? What if this navigation card gets lost on the table
and the visitor is unable to navigate in the game? We thought about fixing it to
the table. But then one could not choose any more where you want to play around
the table which is important for us to introduce more social engagement between
players and watchers. We even tried to remove the navigation mechanism by intro-
ducing timers and watching if the player figure is moved or not. But ultimately, we
went back to the navigation around the player figure as it was needed to get the
introduction started. If you don’t know when the user is ready to start the introduc-
tion you need an interaction to trigger it. The navigation around the player figure
would be “next”, “restart”, “back’. The navigation options are only shown, if the
user is allowed to use “next” or “back”.

m

Back NEexT

N—

RESTART

Figure 26 navigation Ul wire frame
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CONTENT DEVELOPMENT
PHASE 2

As already mentioned in the content development chapter there was the necessary
task to find and research the knowledge and information that would be mediated in
the project. In the first phase of this the thematic topic was fleshed out and narro-
wed down. Our goal was to choose a specific topic about insects that we would be
able to communicate in a strong and simple message and that would make the mu-
seum visitors curious and excited. And we think we have found this promising topic
of the insect’s olfactory world. But the work was not done there. The content nee-
ded more depth. The intention was that the users would explore different aspects
around this topic and thereby learn more about it. Of course there is a lot of depth
to this topic. Much about it is also still unknown to scientists and researchers in the
field. And evidently for the users of the table it would be only possible to virtually
dip in the great ocean of knowledge about insects and their olfactory habits. But as
was graspable in our exchange with the Insect specialist Wolf Blanckenhorn there is
much to tell about insect olfaction and the behavior linked to it and we were eager
to do justice to the diversity at hand in this project and show an interesting and
enlightening selection around the topic of insect olfaction to our users. So, the first
task was to find the right selection (this was arguably the hardest and most crucial
part) and then research and gather the accurate information about the selection of
the insect species. In a first exchange with insect expert Wolf Blanckenhorn a range
of interesting aspects formed through the discussion, and we were able to set some
general criteria for the selection that was desirable to include in the story telling
and mediation of the interactive experience. These were:

A) Communication of different reason for the olfactory attraction of insects to a
scent or pheromone: Nutrition, procreation and nesting

B) Communication of the different principles or functions of insect’s olfactory or-
gans: Volatile and tactile pheromone perception

C) Communication of the notion of generalist and specialist insects. This concerns
mostly the nutrition factor; generalists being attracted to many things and able to
feed on different food sources and specialists being attracted only for example by
a very specific family of plants

9.3
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It was a huge challenge to find three insect species that would bring all these
aspects together. With the help of the specialist a selection was made that could
make the inclusion of most of these aspects possible. Here an overview of the cho-
sen species and their characteristics:

1. The Rose Chafer:

The rose chafer is a specialist in the insect world. It is attracted through pheromo-
nes mostly only by plants of the rose family. These plants also serve the rose chafers
needs for nutrition, mating and nesting as the larva of the rose chafer also feeds on
plants of the rose family.

2. The house fly

The house fly is a generalist. It feeds on many different food sources. Mainly sweet
liquids like jam and juice or fish and meat which are rich in protein that the females
need for reproduction. Rotten organic materials like dejecta attract house flies for
nesting.

3. Night moth

Night moths are very dependent on their olfactory organs and less on their vision,
as they are active during nighttime. Their olfactory organ is their antenna. Many
moth species do not eat anymore once they reach their adult form. For most moths
it is the female of the species that produces a pheromone which the male moth
then detects and follows to find their mate.

Proceeding with this decision there was a lot of knowledge to be researched, gat-
hered and designed into tangible content that could be implemented into the pro-
jection. Each of these species had to be researched carefully and for each of them
it was necessary to generate unique content to implement into the game. This task
was attended to by our side and our reliable insect specialist partner offered to
review our work and check the accuracy of our research. The final content then had
to be assembled and designed to be implemented into the projection.

GAME COMPONENTS

For the exhibition, we will develop the following version of the game. During de-
velopment and further testing this will certainly change, but for the time being this
is currently the state of the prototype. Any changes and learnings that are not in
this document will be presented at the final presentation. For example, something
not being testable with “Wizard of Oz will only be clear when the prototype is
finally used. All of the progress we made in the previous chapters will be collected
here as a descriptive wireframe, which will also support the development of the
final prototype. Each frame represents a state in the game. Before going into the
different frames and states we will describe the components of the game in the
following paragraph.

82
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Player figure

Each user can choose between two insects or four player figures as we want more
people to play the game at the same time and represent male and female of each
insect. The player figures are 3D printed insects.

Figure 27 Scentsory interactive game table - play figure

Scented chips

The scented chips are MDF squares that lay on the table. There are two kinds of the
example or reference scented chips and the scent play chips. The example chips
are laid on the border of the table to have a reference. The scented play chips smell
exactly like the example chips, which you can find in the smell memory game. The
scented play chips are lying on the table surface where the game is played.

9.4.1

9.4.2
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Matching

The main interaction of the game is the matching of the player figure and the scen-
ted chips, by pulling a scented chip and a player figure together the game checks
if the user found a matching chip or not. You can match figures and chips anywhere
the player wants.

Homebase

The homebase in this game is a half-circle area along the side of the table where
the user interacts with the table. Each player figure has its own space. The home-
base was introduced to produce a dedicated area where the user can match the
chips or display information.

Inactive state

In case a user leaves the game early the game gets restarted after two minutes of
inactivity.

Inactive screen Play figure

- System actions: The exact placement of the playing figure in the home base must be dis-
played. The connection between the playing figure and the placement field must be
shown and animated.

- User actions: Drag a figure into the home base to start the game. If the figure is already in
the home base, the next screen is displayed immediately.

Place an insect game piece in
the field and immerse yourself
/ in the world of scents.

Placement area

Figure 28 Game table Ul wireframe: Interactive screen
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Start of the game

The users get welcomed to the game when a player figure is pulled into the home-
base field or if the play figure is already there this screen will be present. Then with
the first turning motion of the player figure, the introduction is started.

Start screen

- System actions: Game character must be rotated to start. User ac-
tions: Ul around the character should appear.

Play figure
Great, you've chosen the housefly!
A good choice, turn your charac- A

/ ter to start the journey.

Figure 29 Game table Ul wireframe: Start screen

9.4.6
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947 Introduction

In the introduction the user gets introduced to the context and how navigation is
turned to navigate to the next part.

Tutorial state 1

- Introduction: what is it about? stats pop up, but
are inactive

- Ularound navigator changes
9 9 Mate 0/1

Food 0/3 Nesting sites

. (V4]
_— = \

turn the playing figure to continue
Your housefly, like many other in-
sects, uses its sense of smell to
feed and reproduce, can you help
it?

Start smelling 9.4.8

{ restart \

The user starts smelling the scented chips and comparing them with the example

Figure 29 Game table Ul wireframe: Start screen chips. The example chips get highlighted through the GUI.

Tutorial state 2

- Compare fragrances
- Sample fragrances must be highlighted
- Nutrition status is activated

- Back option appears in the navigator Mate 0/1

Food 0/3 Nesting sites

- — oA

Play figure
Find food for your housefly,

smell the scent of the fruit juice A
on the example card to your left /

Samole and compare it with the scents back
ample fragrances of the tiles on the board.

adAj0101d ay1 Jo ubisaq pue uawdojanaq
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Figure 31 Game table Ul wireframe: Tutorial state 2
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Checking for match

Once the user finds a scent match, the user can check by pulling the player figure
together with the scented chip. It does not matter where this happens in or outside
the base because the information is shown next to the interaction.

Game piece

Tutorial state 3

- Compare scents
- Example scents must be highlighted

- Connection between game piece and token appears
gamep PP Mate 0/1

Food 0/3 Nesting sites

— 0/

When you have found a tile with Play figure
the same scent, drag the tile A

and your playing piece together /

to check whether you are right.
back

Sample fragrances

restart \

Figure 32 Game table Ul wireframe: Tutorial state 3

Correct 9.4.10

If the answer is correct an info box will pop up with the result and more context
about the insect.

Icon
Game piece @

Play state: food 1
That's correct!
The housefly is

A
Play figure
- Information is displayed with the matching sound
- Navigator option changes to restart only
- Playing piece is no longer mandatory in the home base
- Next fragrance is highlighted
- Stat goes up must be clearly visible, animatedldentity of the playing a generanst

piece must be displayed .
- Playing piece must be inactive, turn red Mate 0/1 restart among insects,
it feeds on vari-

ous food sour-

N Nesting sites ces.
Food 1/3 _— T oA

Smell the next sample scent and
find more food for your housefly

adAj0101d ay1 Jo ubisaq pue uawdojanaq
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Figure 33 Game table Ul wireframe: Play state food 1
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Wrong

If the match is not correct an info box will pop up again and will inform the user and
ask them to try again.

Game piece

Play figure
Play state: Error incorrect respons
Wrong

- elInformation is displayed

- Request to try again Sound

- The identity of the chip is not displayed Try again.

e identity of the chip is not displaye: Mate 0/1 restart Yy ag
Food 1/3 Nesting sites

01

Versuche es erneut und er-
schniffle die richtigen Nah-
rungsquellen fiir die Stubenflie-

ge

Sample fragrances

Figure 34 Game table Ul wireframe: Play state error

Enter the next play stage

When the user found all the food resources by pulling and checking scented cards
and play figure. The user gets introduced to the next play stage, where they can
find a mate.

Game piece

Nesting sites

///A\ 01

Play state: Enter Partner search

- Information is displayed Play figure

- Next fragrance is highlighted

- Nutrition stat is completed, rewarding animaiton,
sound

- Partner stat is activated

Mate 0/1 restart

You are now strong enough to
mate. Find a male housefly.

Sample fragrances \

Figure 35 Game table Ul wireframe: Enter partner search
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End of Game

If the user found all resources of a housefly or the rose chafer like food, mate and
nesting site the game has been successfully solved and an information box will pop
up with small baby insects crawling over the screen. After some inactivity the game
will restart from the beginning.

Game piece

End of game

- Information is displayed Play figure
- All resources are highlighted as complete
- Baby insects crawl over the screen

restart

Congratulations, you have
found all the resources and the
/ next generation is secured.
/
Sample fragrances // \
/ \\

| \

l \

Figure 36 Game table Ul wireframe: End of game

VISUAL DESIGN

In the design of the visual features of the game we imagined a rather simple imple-
mentation because we wanted the users to concentrate on the olfaction. Though
we wanted to keep the visual design of the interactive table relatively plain and
simple it was the more important that what would be shown was intentional, sup-
porting the user journey and the immersion into the topic. For the aesthetic the
vision was to create a visual language that would lean on associations with insects
and scent to immerse the users into the topic. Also the visuals should feel natural
yet a bit outer worldly as a way to depict the insect world. The first step in this
process was to create a mood board to gather inspiration, for which we used the
platform Pinterest to collaborate on this task (Pinterest, 2024). The intention was to
implement also some animated aspects, that could also help the users to unders-
tand possible interactions. It had to be decided if this could be done with code or if

it was necessary to use another software and then implement the files in the coding
environment. Eventually a combination of both had to be implemented. Additio-
nally the visual design was informed by the technical constraint of the resolution of
the beamer. To take this into consideration we continuously evaluated our design
drafts with the projector.

MEDIATIVE AND INFORMATIVE Ul

The Ul elements had largely the function to inform the users in two ways, one being
the education about insect’s olfaction and the other being about the functionali-
ties of the game, explaining how it works and guiding the users. The latter we’ve
already discussed many aspects of in the section about the game introduction. We
also had to design the points of mediation that would appear throughout the user
journey. We intended to communicate the general theme of insect olfaction as a
tool for them to navigate with the overall player experience, but we wanted to have
an additional layer of information to communicate more extensive knowledge to
the users if they were interested. For this we saw two options: the Ul or Audio. We
chose the Ul over Audio because an auditory implementation would have needed
headphones which we were inclined to avoid as we think it would have hindered
the exchange between users. The points in the user journey with a stronger focus
on mediation was implemented in the act of matching the scented chips with the
player figure. The idea was that when a user would match the chips with their cha-
racter some an information box would pop up that would inform them about the
correctness of their matching but also why it was correct or incorrect and give more
information around the context and connection between the two components.

The text-based Ul also unclosed the possibility to implement a bit of storytelling
into the experience. With the multiple home bases located around the frame of the
table which functioned as a guide for the users a narrative approach was implemen-
ted into the texts on each step of this Ul element.

9.6
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Wenn du einen gleichen Duft gefunden hast,
ziehe den Spielstein und deine Spielfigur zusam-
men, um zu priifen ob du richtig liegst.

Figure 37scentsory interactive game table Ul example digital
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Figure 38 scentsory interactive game table Ul example

95

SOUND DESIGN

Since the aim of the project was to experiment with and explore multisensory ex-
periences adding another layer of sound was an obvious opportunity to enrich this
concept. The olfactory elements of the experience were the main component of it
but we saw a lot of potential in the implementation of sound as a way to give the
users feedback to what they were doing and support the communication between
user and the system, as it is often used in games. Our intention was to thus provi-
de an additional layer of meaning to our users. Since the use of headphones was
to be avoided, as already explained in the chapter about the Ul, the sound had to
be placed around the whole table and thus we had to make sure it would not be
overwhelming. We had to work with the assumption that the users would be able
to link the sounds to their actions and not be confused with the sounds of the other
players, playing at the same time. But since this also applies in game arcades, we
had some degree of reassurance in this assumption. Yet we wanted to avoid to fall
into a stereotypical game sound aesthetic and make the sounds coherent to the
visual aesthetic of the table. We chose the sounds carefully so they would align with
the insect atmosphere.

EXPERIMENTING WITH SCENTS

As the smelling became such an important component in the project, it became
obvious that we would need to bring our attention to the use and design of scents
and especially scents combined with material. It unclosed not only conceptual but
also a lot of technical and physical questions. Both of those challenges were hand-
led somewhat simultaneously but we gave some more attention to solving the
practical problems in the use of scents in museums first. We had to find a way to
infuse the chips on the interactive play table with scents as sustainable as possible.
At the time the exact number of playing chips was not definitely decided on but
it was clear that the scents on the cards should last at least for a week, since ref-
reshing the scents more than that seemed very unreasonable. So, we had to find
scents composed to last and materials that would maintain the perseverance of it,
while not evaporating into the room too much, in order to also not disturb the visi-
tors passing the room. It turned out harder than expected to find answers to these
questions in desk research. We tried to contact several designers and curators from
different museums in the hope to find someone with experience that could give us
helpful insights on how to handle such a task but with little success. The search on
the internet was also rather cumbersome and not very fruitful. On the online forum
basenotes.com we found some insights from people chatting about materials that
could be fitting to make scents last long. We also found some more information
about the requirements for the chemical composition of a scent that would last

9.7

©
0

adAj0101d ay1 Jo ubisaq pue uawdojanaq

A10S1U892S



Development and Design of the Prototype

Scentsory

96

long on thefragranceworld.co.uk. And we also took chat gpt into council for a few
insights into the composition of scents and suitable materials for our needed use.
Eventually we decided to do a few tests ourselves to find more answers.

In one of our first quick paper prototypes of the idea we already gained the finding
that oil-based scents last longer than alcohol based perfumes which could be con-
firmed by our web research. So, we decided to continue to work with the essential
oils to test how long they would last on different materials. We gathered seven dif-
ferent materials, which we chose orienting ourselves on some of the findings from
the desk research, which were: A) Cotton pads, B) MDF board, C) synthetic sponge,
D) cardboard, E) natural leather F) synthetic leather G) polyester fabric. Four drops
of essential oil were applied to small strips of the different materials and left in a
room for seven days. Five of those materials were additionally put inside plastic jars
to compare the difference in evaporation according to the amount of airflow.

After seven days we sniffed the materials and compared the intensity of the scents
on the different materials and made a hierarchy from strongest to weakest:

. MDF board

. Synthetic leather
. Cardboard

. Cotton pad

. Sponge

. Natural leather

. Polyester fabric

~NOoO o~ WDNPRE

In Materials 1 to 3 the scent was still very noticeable, materials 4 and 5 smelled
only very lightly of the essential oil and in material 6 and 7 the scent was pretty
much gone. As expected, there was a huge difference between the materials that
lay open in the room and the materials that were put inside a sealed jar. The scents
were still much more present in the materials that were lying in the jars. This promp-
ted us to find ways to confine the scents as much as possible. More of our decisions
around the use of material and the further process in implementing the scents is
described in section labeled Designing the chips.

Figure 39 material test with essential oil
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CHOOSING THE RIGHT SCENTS

Of course, one of the big questions in our design process was: What should it
smell like? We would have to have a variety of smells in the game in order for the
concept to work and we had to find and implement all these scents. This decision
would also influence the difficulty of the game depending on the amount of diffe-
rence between the scents. If all the scents smelled totally different the game would
be quite easy and the other way around. This was one parameter we needed to
respect in this decision. Other than this we were very free to choose the smells. But
as creating our own scents in the scope of the project was not feasible, we would
have to work with scents we could purchase. We were looking for oil-based scents
since we found in our research and experiments that they are the longest lasting.
One option would have been to try to find scents that smell like the things we want
them to represent. This would have been very difficult and with the components
like the smell of the insects close to impossible. Also, conceptually we believe it
would not make sense to try to use the actual scents we humans would smell since
the game was more from the perspective of an insect. Of course, we also could
not implement a scent an insect would smell since we don’t know what they really
smell. So, we came to the conclusion that we would have to work with some sort
of translation, with scents that would represent a general, more abstract concept.
But we still needed to find a suiting translation. Since the general motivation of in-
sects which is part of the game is the same concept for most animals, also humans,
nutrition and reproduction or sex we could use scents that humans associate with
these instincts. The pheromones which the insects follow trigger a reaction in the
insect that could be similar as when humans smell a delicious cake or the scent of
a person they’re attracted to. So, the scents we chose to implement in the game
lean on culinary and erotic associations. It was important that this notion would be
communicated in the game.

9.9
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DESIGNING THE CHIPS

In one of the early prototypes, we put the scents directly on printed QR codes
that were glued to 6x6 cm MDF chips, which already worked surprisingly well. The
essential oils needed to be refreshed very infrequently, after around 12 days. Still,
we conducted the test with different materials as just described to have further
references and we used these findings to develop the chips further. There was still
the problem of the scents evaporating into the room. In our atelier this was much
less the case than in the room we did the material tests in likely due to room size
and air circulation. But we were still concerned about the scents gaining an overw-
helming presence in the room in the final prototype, also since the amount of chips
was estimated to increase. So, we brainstormed and sketched some more ideas to
iterate on the design of the chips to match more of our requirements. We wanted
to build them so they would contain the scent well. Furthermore, we wanted to
utilize the visual and shape design of the chips to support a clear smelling affordan-
ce. With these requirements in mind, we created a few prototypes of our design
ideas. The chosen materials for these prototypes were cardboard and MDF boards,
since these materials had good outcomes in the previously conducted tests, and
they were easily accessible for the project. As a part solution to the problem of the
scents evaporating into the room too much another idea came up and was created
as a prototype. A 3D printed box with small openings on the top to let some of the
scents through but still comprise a lot of it that could be but on top of the MDF chip
with a simple mechanism to easily remove the box again for refreshing the scents
when needed. In the first iteration of this idea there was a mistake in the 3D print of
the box as some holes were to close together the printer could not print them se-
parately and fused them together ending up in a flower like shape. This accident in
production prompted the idea to work with an icon like shape on top of the boxes
that could be repeated in other parts of the game and function to help understan-
dability. The final decision was made to proceed with this design idea for the imple-
mentation into the final prototype. In the later iteration the boxes were additionally
increased a bit in hight to support the affordance to pick them off the table.

99

Figure 40 scented chips design iterations
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9.11.1

EXHIBITION SETUP

Concept

For the final exhibition we want to create a usable prototype to experience our
whole work from the past couple of months. The main focus gone consist of the ex-
plorative information access with our senses and with multiple people at the same
time.

We started with a round table to invite people from every side to use the table.
But as we thought about producing the table we quickly realized how hard it was
to build a round table with a wall going around it. As a alternative we decided to
go for an octagon. This allows six players plus two more people to watch what is
happening at the table.

Figure 40 scented chips design iterations
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The Material choice is described in the experiments section because we had to find
out which one would work and be still in our budget which is 1000 franks. This is a
lot of money but when you think about a 1.70-meter octagon pillar-like constructi-
on material cost with all of the electronic it adds up. We decided to use MDF for the
sides. We included a step stool for children to use since the table is 1 meter high
which is quite tall for them. This height was necessary to ensure that the viewing
angle of the cameras functioned properly. A small door was planned for the super-
structure and for maintenance. To prevent the electronics from getting too warm,
ventilation holes have been planned through which fans blow the air.

On a pillar on the side, there will be our bachelor theses and the project descrip-
tion. To attract people to our octagon table we want to use the projection from
above to project animated patterns matching our table on the side of the ground.

Figure 43 assembled table with MDF and plexiglass
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Projector

Getting all the technical equipment was a challenge. Figuring out which projector
to use and where to get it as well as how to mount it was a never-ending story. It
was clear from the beginning that we had to use a short-throw distance projector to
cover the whole surface. Initially, we got a projector from Farblichtlabor which was
the best in terms of the projected image size and brightness. However, when we
hung up the projector in a vertical position it became so loud due to the fans that
it was unusable for an exhibition. We had to search for another solution and found
a mirror at the Immersive Art Space to keep the projector horizontal and project
down with the mirror. Meanwhile, the Leihs (Borrowing services of ZHdK) has been
organizing new projectors for the exhibition. The new projectors are exactly what
we were looking for. As soon as they were available, we headed down to retrieve
them. We were able to test the projectors, and the fans did not speed up. For a
short moment we thought we had solved all issues until we realized that the reso-
lution of full HD was too low for an interactive table of the planned size. Small text
became quickly unreadable and one pixel was about 2mm big. As you would stand
quite closely to the table, you could see the individual pixels very well. Due to that
we had to find another solution. We investigated buying a 4K projector, but it was
too expensive at around 1700 francs. We tried to borrow one from other borrowing
services, but in June, it was the high season for fairs in Zurich, so none were avai-
lable. We went back to Leihs and asked if we could borrow another projector for
the exhibition, which we were lucky enough to get. Working and installing with two
projectors is a challenge, but the resolution and the brightness is so much better.

Audio

We will once again set up a pair of stereo speakers for the audio, borrowed from
Leihs, to enhance the interactions at the table. While the audio may not be 3D map-
ped, we believe that users will still be able to discern if the sound is related to their
own actions or another user’s.
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Connecting the setup

We are currently showcasing our products in a room at ZHdK where we have alrea-
dy installed a mounting system for heavy equipment. Our only remaining task is to
arrange the clamps needed to mount the projector and audio system to the ceiling.
On the ceiling we will also need to connect the projectors, audio system and provi-
de power for the electronics in the table. We have fastened extension cables for the
audio and power supply. Additionally, we have obtained an SDI setup from Leihs for
the projector as a ten-meter HDMI cable is not as reliable.

Object recognition

In order for the table to function effectively, the system needed to recognize the
player figure and the scented chips. For this prototype, we utilized Reactivision, an
open-source computer vision framework specifically designed for the development
of tabletop tangible user interfaces (TUIs) and interactive surfaces. Reactivision all-
ows for the tracking of fiducial markers which are unique symbols that can be de-
tected and identified by a camera. The use of an infrared camera provides several
advantages: Less susceptibility to changes in ambient lighting conditions, such as
sunlight, shadows, or artificial lighting, which can impact visible light cameras. This
consistency ensures more reliable detection of fiducial markers. Additionally, the
use of IR illumination allows for precise control of lighting conditions, ensuring con-
sistent detection regardless of external light variations. Furthermore, since infrared
light is not visible to humans, IR illumination does not interfere with the user expe-
rience or distract users during interactions, making it particularly valuable in set-
tings like museums or public displays where aesthetic considerations are important.
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Game Prototype

The game itself for the exhibition was a Java application with a TUIO Client imple-
mented containing the Processing library. Reactivision sends TUIO messages over
UDP to enable the client application to track the QR codes. Game logic is written in
Java, and the visualizations are drawn with the Processing language.

Figure 44 Scentsory interactive game table
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SUMMARY

In the framework of this thesis, we’ve explored and played with ways to use
multisensory approaches in the design of a museum installation, communica-
ting knowledge about insect olfaction. We’ve used tangible interfaces to imple-
ment scents into an interactive gamified experience and combined them with
visual projections and auditory feedback to create an engaging experience that
allows our users to learn about insect’s olfactory behavior and make them cu-
rious about the topic. Thus, we’ve achieved our goal to create a multisensory
learning experience within the context of a museum installation. Scents were
intentionally placed and used in the game to engage the users into the topic
and make the experience more memorable. Object recognition technology was
used to create an interactive experience, where the users are actively taking
part in the learning and exploring of a topic with their senses.

The final prototype is not yet exhibited in an actual museum but was exhibited
in June 2024 in Zurich University of the Arts in the final diploma exhibition. If the
prototype and concept will be further used and developed for the exhibition
museum of the future by Museum fur Gestating Zurich is yet to be decided.
Suggestions and recommendations for the further development of the proto-
type in this case are given in the following chapter future steps.

10.1
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10.2

10.2.1

EVALUATION OF PROCESS AND DESIGN

The multisensory experience

The multisensory experience we created in the final prototype consists in different
parts of the use of smell, vision, audio and touch. The emphasis of the experience
lies with olfaction, which was an obvious choice in regard to putting the topic into
context and making it more tangible to our users. The scents in the final prototy-
pe play a big role in activating the users and engaging them into the experience
and thus fostering an active and explorative learning style. Through smelling and
comparing the game chips on the table users are able to explore the topic of in-
sect olfaction step by step in a playful way and gradually form an understanding
of the wider context. Designing with scents in an installation has its limitations and
challenges. We’ve chosen the scents carefully according to some physical criteria
they needed to fulfill in order for the interactions and game mechanics to work and
furthermore with a greater concept and an emotional component in mind. Thus,
the scents shall represent sensations triggered in an insect when picking up such
pheromones but translated into a human context where similar reactions can be
triggered. Many of the scents which ended up in the final prototype can be en-
countered in everyday life and are quite familiar to most of our users we believe like
rosemary, jasmine or bitter orange. Through this the communication and learning
can be reinforced when the scents are smelled again in a different context. Also,
since using your nose is often not so important anymore in everyday life, the user
experience of our final prototype satisfies museum visitors want for unique expe-
riences, which will also increase the formation of memories.

The visual and auditory senses play a secondary role in the experience and most-
ly execute functions of user feedback and explanation. Nonetheless they are an
important part of the experience for the users to make sense of information and
navigate through the journey. With the visual and auditory feedback, we support
the core scent elements of the game and strengthen the overall message and flow
of it. Since audio and graphics are more commonly used in such experiences it was
easier to find references and inspirations to design for these parts of our table.

Touch might be the least consciously noticeable part of the experience but crucial
to make the whole idea work. First of all the implementation of scents would not
have been possible without the physical elements displayed on the table. Further-
more, the use of these tangible user interface elements in the design help the users
connect to the content and make the whole topic more tangible. Also, the decision
to work with physical game elements was made resulting from the evidence found
in the field and desk research that the possibility of physical interaction is more in-
viting and intuitive to people compared to solely screen based interfaces.
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The social experience

The design of the table respects the need for multiuser experiences in museums.
With the shape of the table multiple people are invited to play at the same time
and exchange over their experience. The spatial dimensions also allow for two
people to play together at one station. In this way the user’s experiences can be
enriched through the exchange and interaction with others. In a future iteration it
would be beneficial to test this aspect more and maybe integrate a collaborative
mechanism within the game itself to deepen this effect even more.

The multisensory approach also potentially deals with the challenge of a diverse
user group. Since a multisensory experience invites for a more explorative inter-
action, we believe this will help to engage audiences of different ages. Sensory
cues can be experienced and interpreted among various ages and thus create a
more intuitive experience. Older users can have physical interactions additionally
to digital interfaces to help lower the threshold of interacting with digital systems.
While the use of novel technologies can often cause the exclusion or deterrence of
elderly visitors, we lay strong emphasis on the combination of technology with phy-
sicality and sensory sensation in our implementation to avoid this problem. Youn-
ger audiences can be addressed by the playful nature of sensory interaction and
have their need for entertainment satisfied. This might also advocate the differently
aged users to interact with each other, which can be very beneficial for one of the
biggest user groups of museums: families.

Game mechanics

Using a more guided approach to the user experience allowed us to implement an
additional layer of storytelling to the experience and thus immerse the users further
into the topic. Through the conversations we were able to have with colleagues
concerning one of our early first technical prototypes we realized that a compe-
titive approach could hinder the learning experience due to the user’s motivation
lying rather on winning than exploring or learning. Thus, the decision was made to
avoid such competitive or challenging aspects to allow the users to be guided by
curiosity and explore the content of the table on their own time. Still some notions
of gamification such as collecting, and rewards maintained in order to motivate the
players. This results in an engaging and immersive game experience. The game
mechanics and interactions were carefully considered and partially iterated on and
evaluated through user tests and feedback from the tests as well as feedback from
game design colleagues.

10.2.2
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10.2.4

10.3

Methods and process

With this project comprising of many different elements and tasks that needed
to be figured out, the need arose to search for help in a lot of different places.
Through interviews, discussions and feedback rounds with colleagues and experts
from other fields, as well as field and desk research we were able to grapple with
a lot of challenges and problems along the way and bring together many different
aspects to the project and implement them into the final prototype. In retrospect
the project could have benefited in regard to the richness of the content from a
more extensive exchange and co design with the scientific experts. But this can also
be conducted in the further development of the project.

Through our user tests we were able to iterate on the Ul desigh and improve the
games understandability and create intuitive interactions with the game elements.
More such test would be advisable for future iterations of the table to improve the
usability, immersion and flow of the experience. Furthermore, our practice of crea-
ting rapid prototypes with Figma, paper, perfume, fabric and other materials has
proven to be an efficient way to test the potential of our ideas and communicate
them to people to unclose interesting and helpful conversations.

A helpful habit in the early stages of our project was the visits we paid to many
museums, which helped to inspire us and gave us a lot of interesting insights that
came in handy later in the process. We also took advantage of reaching out to ex-
perts from different fields early on in the project to have interviews and discussions
that were able to inform our project and help us with our research.

CONTRIBUTIONS

Our goal for this project is to bring the topic olfactory sense of insects closer to the
museums visitor by taking a holistic approach to the museum’s design and work
with the benefits a museum has to offer. We want the visitors to be part of the
experience, interacting with each other and bringing them to a table on the topic
of insects. The other benefit is its physicality. The fact that you can see the insects
close up in three dimensions and move them helps to grasp the world of insects
and set it in context in comparison to our own. To enhance this experience, we
added a digital interactive layer to combine the two. To not overwhelm the visitor
and reduce museum fatigue, the information is presented explorable and split up
into portions. We want to encourage the use of technology in a responsible man-
ner by placing it where it is useful, without distracting from the actual exhibit. The
gamification is used to invite the visitor to take a playful approach without forcing
it on them. A user can play on its own, together with another person, or compete
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against each other to see who finds the matching resources first. To use the bene-
fits of the human senses we focused on the human olfactory organ and how it can
be integrated with technology, to enhance the experience and memorability of the
content in the exhibit. With the scent-based exhibit, we strive to bring the topic of
insect diversity as close as possible to the visitors. We live in this world side by side
with other species, like house flies and rose chafer without noticing their diversity
and complexity. We want to bring this perspective closer to the visitors and leave a
memorable impression.

LEARNINGS

The complexity and size of the project presented a challenge, and we now realize
that time and cost are the main reasons why museums opt for the usual and easy
museum setup which has proven to work. However, we believe our work holds sig-
nificant value because we aimed for an approach with many facets.

Due to the project‘'s multifaceted nature, we had to collaborate with numerous ex-
perts who provided valuable insights based on their years of experience. However,
engaging with experts and other stakeholders consumed a significant amount of
time, whether it involved arranging meetings or gathering resources from them.

In retrospect, we should have either scaled down the project by reducing its scope
or created a smaller final exhibition. The organization and planning of the final ex-
hibition, as well as the testing and coordination of materials took up a considerable
amount of time that could have been allocated to more testing.

Making decisions in a large, complex project was challenging. But often it was
necessary to simply move forward. If we were to embark on a similar project in
the future, we would start by narrowing down the research question from the be-
ginning, developing more iterations of the prototype and carrying out more user
testing overall. Despite the project’s extensive scope, it holds immense potential
for further development, making it almost regrettable to conclude it. However, we
are pleased that the project reached its conclusion. What remains are the lessons
learned and some ideas for future improvement.

10.4
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10.5.1

10.5.2

10.5.3
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FUTURE STEPS

Implementation of tactile game chips

When we learned about insect’s olfactory organs and how some are located so
to say on the skin of the insects and pheromones are picked up through physical
touch the idea came up to translate this notion and implement it in a tactile way
into the game. Some tests of this idea were of MDF chips with tactile patterns laser
cut into the side of the chip with a similar notion of comparison and matching as in
the scent-infused chips. In a future iteration of the game this concept could impro-
ve the content and storytelling of the game and deepen the communication of the
topic. This feature was eventually not implemented due to challenges of hiding the
visual indications of the differentiation of the tactile patterns and time constraints
in finding solutions for this problem.

Content enrichment

As already mentioned for the further development of the project we would strongly
recommend to have more extensive exchange and co creation with an insect ex-
pert to expand and deepen the content that is communicated within the game ex-
perience. Due to the big workload of researching the content for the game the final
compromise was made to cut down the amount of playable insect species down to
two. Unfortunately, this limits the variety of insect olfaction that we initially wanted
to show in the final prototype. But we valued the quality of content higher than the
quantity. It is also very realistic to improve on this in a future version of the project.

Technology

As technology continues to advance, older setups in museums can quickly become
outdated. That is why we chose to integrate digital and physical elements with pro-
jections. By concealing the projector from the visitor‘s view we can ensure that the
projection remains adaptable to new designs and has a timeless quality. Additional-
ly, this approach allows for easy updates of the current exhibit or reuse the setup for
a completely new exhibition without the need for new equipment.

113

Table-based tangible user interfaces (TUI) are a captivating way to engage users
and interact with objects through an interactive information layer, allowing for a
deeper understanding of concepts by placing objects in various contexts. This ma-
kes it an ideal solution for museums to present their didactic content. Our use of
Reactivision to recognize object movement and rotation showed great potential.
Unfortunately, there have been no further developments since 2022, and the only
available packaged version dates back to 2016. This could impose challenges in
a museum setting where the setup must run continuously without any issues for a
long period of time.

Alternatively, a touchscreen table capable of detecting different objects, such as
the interactive scape, could also be considered.(Interactive Scape, n.d.).

Easirgt h"nljl'il',-
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Figure 45 Interactive Scape Moveable (Interactive Scape GmbH, 2024)
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