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- PROLOGUE

Imagine opening the door of your
refrigerator, searching for raspberries to
add to your morning yogurt breakfast,
and soon having to conclude they
already have gone bad. As an alterna-
tive, you peel a tangerine, hoping this
addition will add sweetness to your
meal. Unfortunately, the taste disap-
points and you are eating a completely
sour combination of breakfast What if,
you could evaluate in advance when
the fruit in your home is at its peak of
ripening? An aid in determining when
you could best consume your fruit,
through giving up-to-date abstract noti-
fications of multiple ripening stages. As
a result, a whole new routine of fruit
interactions is established over time.

The design JESIintends to prevent fruit
waste through the use of an abstract
notifying visualization, a new medium
that can be introduced in Dutch house-
holds. In this project a closer step
towards the understanding of human
behavior and decision-making had
been established.  Furthermore, the
vision of including subconscious
thought processes in the world of
design has been achieved,
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INTRODUCTION

Worldwide, food waste has long been recognized as a
pervasive problem. Due to human conduct, 931 million
tons of food are wasted in both high and low-income
countries as of 20271 (UNEP, 2021). Although food waste
has distinct harmful consequences in each sector of the

global food chain, a deliberate amount of 61% of
this waste is generated in consumers' house-
holds (UNEP, 2021). As a result, foodwastage at
the consumer's end is leading to a current
responsibility of 9% of the world's greenhouse
gas emissions (University of Oxford, 2020),
making it a significant sustainability challenge in
the modern world.

Design goal

In response, this design approach employs a
HCI methodology that focuses on the connec-
tion between the household fruit waste issue on
the one hand and human behavior and
decision-making on the other, noting that fruit
waste deliberately is the largest cause of house-
hold foodwaste today (Too Good To Go, (n.d.).
During the project, a solution towards the design
goal stood as focal directive; ‘How might a tangi-
ble abstract visualization signify a new medium
for the consumer's ritual of fruit consumption and
purchase, while at the same time being the
cause of a reduction in the yearly amount of
household food waste in the Netherlands'. Fruit
freshness,  non-cognitive  decision-making,
abstract visualization, household foodwaste,
and HCI are considered and evaluated
keywords in relation to this report.

DESIGN PROCESS

RELATED WORK
Foodwaste in households

In order to create a design approach to the global
food waste issue in a household setting, it is first
crucial to understand the context and its possible
causalities. Over the past centuries, rapid industrial-
ization and the continuing fast change in lifestyle

have made it possible to increase the availability of
convenience food and consumerism culture (Kear-
ney, 2010). According to a study that investigated the
areas of marketing and consumer research (Chan-
don & Wansink, 2012), current household



foodwastage can be divided into three predictable
stages: when shopping, storing and serving. That is,
food being purchased and never prepared, prepared
and never served, or served and never eaten.
According to Ascheman-Witzel et al, decisions
concerning foodwastage can have many motives,
both rational and irrational (Aschemann-Witzel et al.
2015). Low prices, a short expiration period, limited
and poor storage capacities, and perceived product
quality as well as facilities in household food activities
are factors for having food waste as an outcome
(Aschemann-Witzel et al. 2015). This indicates that
food waste cannot be attributed to a single action,
but hold accountable for a variety of behaviors and
complicated circumstances.

Attributes of food products

Another perspective to understanding food waste
generated at the consumer's end can be found when
looking at the notion from the two factors in play: the
first relating to the attributes of the food product, and
the second relating to customer characteristics and
behavior. Regarding the ‘attributes of the food prod-
uct, earlier research has demonstrated that the
amount of food waste is strong depending on the
food category. The synthesis report on Food Waste
in Dutch Households in 2019 reveals that bread,
dairy products, vegetables, fruit, and potatoes are
wasted most (Food waste in Dutch households,
2019). In agreement, a study in the United States
(Conrad, 2020) found that fruits, vegetables, meat,
and seafood were the leading categories of waste.
These results make sense, given that fresh products
are generally easier wasted than long-life products
(Jorissen etal, 2015). The aesthetic appeal of a prod-
uct, which consumers categorize into optimal and
suboptimal states based on certain visual cues (de
Hooge et al, 2017), is the second product attribute
that contributes to waste. This distinction usually
arises from external symptoms like shape, size, color,
smell, lack of defects, a fresh and clean look, and
information on the package such as an expiry date.

Customer charasteristics & behavior

A study performed in 2017 seeking the effects of
what habits and emotions conduce in daily food
waste shines an intriguing light on understanding
customer behavior (Russel et al, 2017). According to
this study, habits and emotions are strong influential
factors when it comes to food waste behavior,
indicating that non-cognitive drivers deserve much
more attention than they have received in past
research. On top of that statement, the study appeals
to future researchers to rather than attempting to
change current behavior and attitudes, design with

an emphasis on establishing new, more constructive
behaviors.

Determining the freshness of food

The term "food freshness' can be seen as a social
descriptor rather than a finite definition, where the
recentness of a food's production, harvest, oramount
of preservation is of value (Seatle Sutton’s, (n.d)).
Previous research that sought to determine the
degree to which this food freshness was relevant,
discovered that the food's flavor was the most signifi-
cant factor when it comes to purchasing interest
(Cardello et al, 2002). In other words, according to
this research, food freshness, the expected flavor,
and the decision-making of purchasing that food are
in relation with each other. A study performed to seek
understanding of freshness perception from the
cognitive mechanisms of flavor might add depth to
this phenomenon. It was concluded that the
attributes that indicate freshness are located at
higher cognitive levels of our brain, and thus our
sensory expectations (Roque et al, 2018). However,
crossmodal  correspondence  mechanisms il
remain to be explored in freshness perception, and
thus which exact attributes play a role in the link
between flavor and freshness perception (Roque et
al, 2018). Furthermore, knowing how to trigger the
mechanisms of crossmodal or cross-level corre-
spondences regarding freshness could facilitate
consumers' categorization of a given product as
being fresh or even lead to an increased estimation
of freshness (Roque et al, 2018).

Color and flavor assosciation

A clear understanding on the relationship between
flavor and color is addressed in order to provide a
theoretical foundation. In the color-flavor connection,
Jenn David provides a contribution to the under-
standing of why these attributes are closely linked.
He explains that “the connections between taste and
color are fundamentally ingrained in us soon after
birth when we begin to experience foods from a very
early age, and the links start forming then” (Connally,
2015). Consequently, he argues, these links funda-
mentally harden and are challenging to alter. Ken
Philips agrees with David, stating different food
feature different colors, and thus connections
between specific colors and corresponding flavors
are formed; "depending on culture and past experi-
ences, you might assume that a red drink is cherry,
strawberry, cranberry or even tomato-flavored”
(Philips, 2022). On top of that, color is so powerful that
it can override what our other senses are telling us to
be true, being able to let us experience flavors that
aren't present (Philips, 2022). This can be explained



by diving into the concept of ‘window of opportunity’
(Connoally, 2015). Over 50% of our cerebral cortex is
devoted to visual processing while only 1-2% is
involved in taste. Therefore, in the 2-3 second
window, and thus the short ‘window of opportunity’
of seeing a food product, a person relies on visual
information, that is planted in the brain through expe-
riences from the past (Philips, 2022). Because of this
wiring, our brains significantly rely on visual informa-
tion, especially color, to plan and anticipate our
encounters with food.

Natural cause

Next to using color as a cue for anticipating flavor, it
also warns us when food undergoes physical or
chemical changes. In fruits for example, the green
colour of unripe fruit is caused largely by the
presence of chlorophyl a photosynthetic pigment
that makes photosynthesis possible (Today | Found
Out, 2017). During the process of ripening, an
increase in the hydrocarbon gas ethylene is regis-
tered (Today | Found Out, 2017). This ethylene
enzyme converts chlorophyl pigments into hydrolyt-
ic enzymes, ultimately removing the green color and
making room for the development of Tipe indicating’
colors, such as orange and yellow caused by the
formation of caratenoids, and purple, red, and blues
caused by the formation of panthocyanins (Today |
Found Out, 2017). Studies performed to investigate
the purpose of color change during the fruit ripening
process in relation to birds, the most dependable
outside frugivore animal for trees to spread their
seeds, concluded that the hue, brightness, and
location serve 3 purposes; firstly, it draws attention to
the fruit (Figure 1)(Thought-Co, 2018), secondly, it
reveals or camouflages the fruit's location (Figure
2)(Kroes-Mulder, 2018), and thirdly, it signals when
the fruit is ripe and optimally tasty for its target
consumer (Figure 3)(Today | Found Out, 2017).
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Figure 2. Camouflage  Figure 3. Optimally tasty

Figure 1. Drawing attention

BENCHMARKING

In the field of design, tackling the issue of fruit waste in
the household setting does not appear to have made
a significant advancement in terms of its targeted
customers, as No leading innovation is currently

being used with this objective in mind. Thereby, no
design of visualizing fruit ripening in any way, and
thus also using colors as indicators is found on the
market. However, future concepts in the fruit waste
sector, either still in progress or in a more technologi-
cal advanced scenario are making promising
advancements.

All-in-one digital table IKEA

Lund University, Eindnoven University of Technolo-
gy, and design consultancy IDEO have developed a
concept kitchen table for IKEA that acts as an
integrated cooking hob and dining table, where
suggestions of recipes can be visualized based on
ingredients you put on the surface (Figure 5) (Hob-
son, 2015). In the case of fruit, just like with the design
JESI a visualization of when the fruit is edible is
displayed. However, the all-in-one digital table uses
letters as visualization, indicating days of the week
(Figure 5), while JESI uses a changing color combi-
nation linked to the riping process of the fruit. This
design is visioned to be functioning in 2025, and has
the goal to promote cooking, reduce the amount of
food that gets thrown away, and let the user be more
mindful of their food. Furthermore, IKEA aims to get
people more engaged with their food. Part of the aim
with JESI people staying more in touch with the
ripeness of their fruit over time, is recognized in this
design objective.

o

Figure 5. All-in-one table IKEA. by Dezeen (2016).

Food probe by Philips Design

Philips Design in Eindnoven has designed a concep-
tual product that prints combinations of ingredients
into shapes and consistencies specified by the user
(Etherington, 2009). Briefly described, the design is
able to print nutrients you would need at a particular
day into a certain shape or form for the user to
consume (Figure 6). Although this concept is only
part of investigating how we may live in 15-20 years
time, it still has been an inspiration in regards to how
food would ‘optimally’ look like when it can be printed
from scratch. In the case of fruit, a different shape or
form could be made using e.g. the colors of 'ripe’ fruit
inorder to create an aesthetically appealing



product. This again, would mean that there effective-
ly is a moment, or a particular time frame that the fruit
is seen as the most ripe by humans. When that
moment exactly is, or how large this time window
could be, which shape of the fruit could function in
the re-design, or which colors play a significant factor
for this identification have been inspirational philo-
sophic notions that are used in regard to this design
process.

Figure 6. Food probe by Philips Design (2009).

IDEATION

Functionality brainstorm

As a starting point for the functionality brainstorm
(Appendix A), various themes were chosen to help
understand the relatively extensive concept of food
waste. The brainstorm was performed with the goal
to grasp an understanding of the base-level food
waste concepts, encouraging open and ongoing
parameters that come to mind. Using the first person
perspective, the following themes were created;
'supermarket, ‘consumer, ‘storage’, ‘purchase’, and
'supplier.

Supermarket

One of the outcomes from this concept mapping
had been related to practicalities the user needs to
perform when buying food products. Bringing a bag
to the store, picking a basket or cart at the supermar-
ket, choosing products on the shelf, and knowing
what you need to buy are examples of processes the
user needs to repeatedly perform. Having these
actions explicitly listed has been of assistance in the
design process due to better understanding the
user's perspective on ‘going to the supermarket’, or
‘purchasing food'.

Consumer

Based on this concept mapping, the ideation of
consumers' behavior being somewhat predictable is
established. For example, customers being able to
purchase food, but being limited to the food available
in supermarkets, eating either together with family or
eating alone, forgetting your own prepared food to
work, and passing down food recipes from genera-
tion to generation are fore-seeable practices. In other
words, it is not the case that every day new
constructs in relation to consuming foods are devel-
oped. A large ritual is at play where hypothetically a
prospective design might either enhance current
practices or serve as the catalyst for a new ritual

Storage

Although there is knowledge about an increase in
development for sustainable and overall better pack-
aging possibilities for food products (Neela &
Harloveen, 2019), the printed-on expiration date is
the only source of information regarding the fresh-
ness of the food products offered by the supplier.
Thereby, after performing a small exploration in the
home, it was noticed that a selection of the stored
food is overlooked. This could be explained by eg.
certain food products not often being used and
therefore becoming ‘one with the background'.

Purchase

Noticeable from this concept mapping was the link
between ‘shopping list, and ‘mostly buying the same
products’. Purchasing food for a great deal relies on
these practicalities. Consequently, purchasing the
exact amounts of food without creating waste could
be linked back to familiarity and experience.

Supplier

In order to understand how food waste is generated
in low-income countries, an external source was
obtained. accordingly, as of 2021, 630 million tons of
food is wasted in developing countries due to the
limits of farmers harvesting crops too early, farmers
possessing inadequate farming technology, having
poor storage systems, and residents employing
improper transportation (Not Complicated, 2021).
Also remarkable, is the amount of food waste gener-
ated in hospitals in high-income countries, where the
largest percentage is caused by the portioning
process with 41% of the total (Wageningen Food &
Biobased Research, 2014).



Sketching

Sketching as a method of ideation, which involves
outlining potential solutions and ideas, was used to
explore multiple scopes of the food waste problem
(Figure 7). Based on the concept mappings from the
functionality brainstorm, these scopes include;
hospital foodwaste, fruit and vegetable foodwaste,
household foodwaste, and ecological recycling. The
full output of the sketching ideation method can be
viewed in Appendix B.

Figure 7. Grasp of Sketching output concerning the foodwaste problem

Hospital foodwaste

Hospital food waste has contributed significantly to
the food waste issue (Antasouras et al, 2022).
Namely c.a. 40% of the total amount of food prepared
in hospitals is wasted (Wageningen Food &
Biobased Research, 2022). From that percentage of
waste, the cause can de linked back to 1% being
originated at preparation, 41% originated at portion-
ing, 29% originated at cleared patients, and 29%
originated at patients eating less, also known as ‘plate
waste’ (Wageningen Food & Biobased Research,
2022). In the sketching ideation method, the firstidea
is based on patients receiving their own personalized
meal, using technological advancements that are
linked back to the kitchen (Figure 8). Subsequent to
this idea, research had been performed on how food
is actually prepared in hospitals. It was learned that

the hospital kitchen prepares three meals a day;
breakfast, lunch and dinner, that is served two days
later (SETHLUI, 2019). Consequently, instead of
having a menu to pick from, the user is more likely to
be limited in the food that is served. Therefore, in
relation to ‘plate waste', an iteration on the first idea
was generated where the user can communicate in
an efficient manner on what food they certainly won't
be eating, while putting no extra pressure on hospital
staff or doctors, accordingly tackling the 41% porion-
ing causation of hospital foodwaste (Figure 9).
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Figure 9. Sketch hospital foodwaste portioning iteration

Fruit & vegetable foodwaste

According to nationally conducted studies in EU
countries, the category of ‘fruit and vegetables' is for
almost 50% responsible for the foodwaste that is
generated in households (Laurentiis et al, 2018).
Deterioration of fruit and vegetables can be bluntly
categorized into 4 factors of causation; time,
temperature, light, and humidity (Safe-In-Home Alr,
(nd)). The first sketch output was focussed on
controlling these factors of fruit and vegetable deteri-
oration, as postharvest deterioration can't be
stopped, but it can be slowed down (Philips, 2022).
Accordingly, the idea reflects an hermetically sealed



basket that functions as a storage upgrade, rather
than storing them in the fridge or at home tempera-
ture (Figure 10). Technical advancements such as
controlling humidity levels, timing when the lid is
removed, and monitoring ethylene gas emissions
that keep the stored combination of the fruits and
vegetables in check could be implemented in the
design (Philips, 2022).
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Figure 10. Sketch controlling fruit & vegetable deterioration

Household foodwaste

Out of the 931 million tonnes of food that are wasted
each year, around 61% is generated inside house-
holds (UNEP, 2021). A big part of that problem starts in
the fridge, based on the research that investigated
food discarding decisions regarding refrigerator foods
(Davenport et al, 2019). Another finding in this
research was that date labeling vastly reduces the
likelihood of food items being consumed to their full
potential (Davenport et al, 2019). Therefore, a
concept was sketched out where the user could
define the freshness of food products by looking at
another indicator for determining food freshness,
rather than exclusively using the expiration date as
information source (Figure 11). In this concept, a
round label would be placed on refrigerator food, that,
depending on how it is packaged, could have differ-
ent methods of application. In an instant, when open-
ing the refrigerator's door, the user would get an
impression of which foods almost reach the expiration
date, using either a repetitive indicating color pattern,
atimer lay-out, or e g. displaying percentages.

In relation to food freshness, another perspective on
household food waste was created, where a deeper
take on color and flavor as indicative variables stood
central (Figure 12). This design concept was formed
after being inspired by the research on the color-fla-
vour connection within food consumption provided
by 0.a. Jenn David and Ken Philips, as well as the

study of Russell et al. suggesting that non-cognitive
drivers should deserve much more attention in
relation to foodwaste behavior (Related work). The
idea focusses on notifying the user when certain
food should be consumed, either when it is optimal
for consumption, or is close to expiration. The first
ideas of using a new medium to reduce household
foodwastage in Dutch households were generated
in this sketching session.
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Figure 12. Sketch Expiring and optimal consumption for food

Ecological recycling

Furthermore, in the sketching process the thought of
ecological recycling emerged where non-organic
remains such as fruit peels and vegetable endings
can be used to reproduce organic matter, such as
eg. herbs (Figure 13). Imagine a supply of multiple
herbs to choose from in your kitchen, completely
grown using a nutrient cycle. This idea was intended
to be combined with the fruit basket idea in Figure 10.
Consequently, fruits and vegetables are staying fresh
for alonger amount of time, while the remains are not
thrown away but used for growing your own spices
that can be used while cooking.
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Figure 13. Sketch growing herbs out of remains

Lo-fi prototype

Although all 4 scopes of the sketching ideation
outcome could have been investigated further in this
design process, learning that 61% (UNEP, 2021) of
foodwaste is generated in households in high-in-
come countries, and thus the potential this category
holds for improvement, resulted in the decision of
continuing the process in this direction. Consequent-
ly, a low-fi prototype was created based on the
household foodwaste sketch; ‘Expiring and optimal
consumption for food' for the quarter-term demoday

(Figure 12). A digital render can be viewed in Figure 17.

Figure 14. Prototyping ~ Figure 15. Lo-fi prototype

The design, which consists of four rounded disks and
a sturdy base, visualizes the food's freshness that
Dutch householders possess in their homes (Figure
16). The design has the purpose to function as a
notification when food is getting close to expiration
and/or is optimal for consumption (e.g. fruit, cheese,
and wine). When one of these two causalities occurs
regarding one food product, one single disk will
illuminate in corresponding colors. This creates an
abstract visualization, leaving the user in control of
when information is received. Therefore, when a disk
lights up, and the user is ‘ready’ to receive the accord-
ing information, he/she can lift the applicable disk
and place it on a base. Establishing contact with the
base will lead to a digital notification giving the user
necessary information about the selected food

product. This information could be eg. the time limit
before the food expires according to the supplier, the
time frame of when a certaing food, e.g. mozerella
tastes the best, or the flavor the food categorizes in at
a certain moment. Afterward, the user can either
choose to consume the food or place it back in the
base, for another family member to be naotified.

Smart labels

The information on the expiration dates of food prod-
ucts in this concept would be obtained by scanning
smart labels in the supermarket. Currently, the super-
markets ‘Albert Hein' and ‘Jumbo’ are providing
self-scanners intended for the customers to self-scan
their articles (Zelfscannen | Albert Heijn. (n.d.) (Bood-
schappen doen met Zelfscan | Jumbo. (n.d.)). When
doing so, only the product code is essential in order
for the client to correctly complete payment obliga-
tions. However, information such as the journey the
product has traveled, and therefore accurate expira-
tion dates could be obtained in more advanced
barcodes or labels, called ‘smart labels’ (Clearmark,
2022). Companies have been utilizing the forthcom-
ing innovation of smart labels in food packaging
more and more in recent years, as it could make
major breakthroughs in product traceability, ensuring
food safety, and reducing foodwaste (Wevolver,
2022)(Figure 16). In 2022, a news article from ‘The
IndianExpress’ even confirmed QR-codes help
buyers to to check the tree from which a cerain fruit is
picked (Biswas, 2022). Therefore, in the design
project, this upcoming innovation has been kept in
mind as a possibility to tackle the household food-
waste problem in the field of HCI.

Expiration knowledge

Prior research has concluded that consumers have
an insufficient understanding of expiration dates; it
leads to confusion and misunderstanding, and in
turn to the disposal of food that might still be edible
(Barone & Aschemann-Witzel 2022). Dynamic
expiration dates, therefore, can be seen as an
iteration on the understanding of the freshness of



food, as dynamic expiration tools have effectively
proven to reduce household foodwaste (Barone &
Aschemann-Witzel 2022). However, current house-
holds in the Netherlands are restricted in determining
the freshness of food through searching for print-
ed-on expiration dates, and using their own senses.
In conclusion, research has proven that innovation
regarding dynamic real-time feedback about the
quality and freshness of food leads to a reduction in
foodwastage, however, this is currently not effective
in the daily lives of Dutch households.
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Figure 17. Digital render Lo-fi prototype
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Figure 18. Technical scheme design concept quarter-demo

Quarter-term Demoday feedback

The feedback that had been received from the lo-f
prototype design at the quarter-term demoday, had
been mainly a suggestion to visualize a map of the
steps the user goes through when interacting with the
design, or even play it out. When developing this
concept further, this could be an aid in making
decisions in the design process, as well as clearly
describing the concept to a layman.

Rethink aesthetics + interaction
After the quarter-term demoday, a reshaping

inspirational rendering session made it possible to
Clearly see what iterations have potential in this
design concept. Firstly, intead of the design consist-
ing out of 2 components; a visualization and a base,
an iteration was created where the disk can be
placed at the front side of the base itself (Figure 19).
Namely, after placing the lo-fi prototype in the kitch-
en, it was observed two components might not be
ideal as one component can be replaced some-
where else, and this would result in the design not
function in the intended manner anymore. Addition-
ally, the glass disks in the render have a distinct struc-
tured surface. When picking one disk up, the user
would next to seeing the color, feel a corresponding
structure. This concept however is discarded, due to
the concept being too abstract and limited in relation
to easily identifying food.

Figure 19. Digital render Lo-fi prototype iteration base

In a different notion, the base and the disks would
both appear transparent. Because of this, the user
would be able to see the colorful disk in its whole
rather than an area that has been "blocked off" (Figure
20). However, from this rendering it was noticed that
the glass base causes a diversion in light under a
certain angle, a side-effect that is not desired in this
concept.

Figure 20. Digital render Lo-fi prototype transparent base



High-fi prototype

The High-fi prototype that was presented at the
mid-term demoday can be seen as an abstract
notifying visualization that indicates when food is
getting close to expiration. With this concept, the
food that is thrown away due to either obliviousness
or incorrect understanding of expiration labeling is
prevented. The rectangular pieces of glass are able
to light up and show one or two colors correspond-
ing to the flavor of a particular food product that is
currently present in the household. By explicitly
visualizing flavor using modifying colors as parame-
ter, the design would allow the user to experience
and be critical of the freshness of food through the
use of a whole new medium. Additionally, the user's
awareness is enhanced by giving them the opportu-
nity to adapt to a new routine designed to help them
stay in touch with the freshness of food over time.

JOURNEY MAP

Foodwaste visualiztion
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Once a rectangular glass component lights up and
displays a certain color pattern, the user can hold
their phone near a white disk that is situated at the left
end of the base. When doing so, a digital notification
will pop up instantly, with the aim of lowering the
treshhold to interact with the design; rather then
searching for an expiration label on the packaging of
the food, the user would perform this practice. In this
notification, there is information about eg. which
exact food is expiring, the journey the food has
traveled, and how you could optimally prepare a
meal with other foods the user posesses at home. If
the user chooses to eat the concerning food, he/she
is able to dismantle the corresponding rectangular
glass through the use of an app. A journey map of the
steps the user follows in regards to this concept is
visualized in Figure 21.
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IN THE APP. THE CORRESPONDING
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OVER TIME THE USER WILL GET FAMILIAR
WITH TIMING OF PIECES OF GLASS LIGHTING
UP, TOGETHER WITH CERTAIN COLOR
PATTERNS. THIS AWARENESS WOULD

USER HOLDS THEIR PHONE
NEAR THE TAG READER

Manufacturing
Milling base

The side of the base that is equipped with the RFID
tag hidden in a white disk is intentionally rounded off.
Namely, when the user scans the tag with their
phone, they will not be bumping into sharp pointy
corners, accidentally harming themselves. In order

THEIR LIGHT BE THE FACTOR TO REDUCE FOODWASTE.

Figure 21. Journey map

to realize this designed round cormner, a milling
machine was used that removes -layer for layer- MDF
wood (Figure 22 ). The design was first sketched out
in the software program Autodesk Fusion 360
(Figure 23-25), and afterwards converted to G-code.
This process is repeated three times in total, resulting
in three different bases that can be stacked on top of
each other; labeled ground, middle and top base.



Figure 23. Top base sketch Autodesk Fusion 360
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Figure 25. Ground base sketch Autodesk Fusion 360

3D printing disk

The RFID tag covering disk is printed on an Endor 5 plus
3D printer using white filament (Figure 26). The color
white is chosen due toits clean and neutral representa-
tion, as a variation of colors next to this disk is being
displayed over time (Smith, (n.d.)). Furthermore, the disk
functions as a tangible area, clarifying where the RFID
tag can be scanned. In the manufacturing process, the
disk again is first sketched out using the software
program Autodesk Fusion 360 (Figure 27), and
afterwards converted to STL and eventually G-code.
The disk fits perfectly between the rounding cormner of
the base and the start of the slots in the MDF wood.

+-6 Y Q-0 @

Figure 26. 3D printing white disk Figure 27. Sketch Fusion 360

LED emiting colors

At the surface of the second MDF base, 4 rows of
colored LED's are situated (Figure 28). The LED's are
programmed using the software program Arduing,
and turned on-and off using smoothly fading bright-
ness transitions. Furthermore, the LED's are
controlled with an ESP8266 WiFi microcontroller and
powered with a 5-volt battery. The LED's can be
individually controlled and emit 0-255 colors in RGB
combinations. Only the LED's that are covered with a
rectangular piece of glass on top will be able to emit
light in this design concept (Figure 29).

Figure 29. LED's emitting light under frosted perspex glass



Midterm Demoday

At the midterm demoday, the end of the first half of
the semester, a short 5-min. pitch was presented at
the Transforming Practices design squad. Additional-
ly, a prototype of one’s current design concept had to
be displayed. Consequently, the current design
concept (Figure 21) in combination with the design
prototype (Figure 30-31) had been presented to a
divided group of c.a. 10 people.

Acquired from the midterm demoday, was the
reassurance the design has a very engaging look; it
encouraged the audience to interact with the design
and want to learn more about it. Furthermore, a
suggestion about focussing specifically on the
relationship between the user and the design, rather
then the technical components was given. Another
notion that was discussed concerned the theory of
how the user could best learn the design visualiza-
tion. Namely, at this moment the user mostly has to
rely on the app to receive the exact information,
possibly avoiding actually learning the visualization
itself. Therefore, a followed-up notion was discussed
to reshape the design in a way the user in an instant
is able to understand what the design is visualizing,
and utilize the app as additional support or remove it
completely.

Visualizing fruit freshness

In light of the received midterm feedback, it was
evaluated the visualization is perceived as too
abstract, and needs to be narrowed down to a specif-
ic category in order to attempt a visualization that is
easily learned. Earlier obtained research concerning
avoidable foodwaste in Dutch households conclud-
ed that bread. dairy products, vegetables, fruit, and
potatoes are wasted most (Food waste in Dutch
households, 2019). Due to fruit undergoing a
process of ripening and different stages of freshness,
this category was explored further.

Correspondences between color and taste

Can basic tastes, such as sweet, sour, bitter, salty, and
umami, be conveyed by means of color? According
to research that investigates crossmodal correspon-
dences between colors and basic tastes the answer
is yes; “Colour clearly conveys to the brain what taste
isto be expected’ (Spence et al, 2015). The research
utilizes the results of another study that specifically
obtained the taste-color correspondences between
bitter, salty, sour, sweet, and umami and the colors
black, blue, brown, green, grey, orange, pink, purple,

Figure 30. First take high-fi prototype (no fruit currently ripening)

Figure 31. High-Fi prototype design visualization

red, white and vyellow in percentages (Wan et al,
2014)(Figure 32). In the preceding design concept,
the correspondence between every illustrated color
and the taste of sweetness is specifically spotlighted,
due to the increase in sweetness that occurs in the
riping process.

Fruit riping

Fruit-carrying plants rely on animals to spread their
seeds toward areas where they have room and
resources to grow (Figure 3). Plants however, don't
want animals to show up too early; seeds that get
carried away before they have obtained the needed
nutrients to sprout are wasted. This is where the
ripening process comes in. Before the seeds are
ready, fruits obtain a thick skin, hard flesh, and bitter
chemical compounds (MinuteEarth, 2021). Further-
more, the fruit carries a color that ensures camou-
flage in relation to the plant (Figure 2)(Today | Found
Out, 2017). As the fruit matures, ethylene is produced
as a signal to induce fruit ripening; a hormone gas
that converts starch into sugars (University of Mary-
land, (n.d.) (Figure 33 ). Due to the fact ethylene



Mbitter Osalty

100% - e

2 80% e .

2 60% - L =

ﬁ —

~ 40% - L |

S 20 - | =

o mE i
Black Blue

Osour

Brown Green Grey Orange Pink

Osweet Dumami

— - 12 —
— E [re— I —
N = B B m =

Purple Red White Yellow

Colour

Figure 32. The taste-colour correspondences documented by Wan et al. (2014)

levels correlate directly with how far along the fruit is
in its ripening process (University of Maryland,(n.d)),
displaying an ethylene graph effectively conveys the
ipeness’ of the fruit, and, consequently, also it's
subjective freshness. This observation will be
addressed later in the report. Finally, as fruits ripen,
the color change that happens is caused by the
specific antioxidants present in the fruit, which leads
to the creation of various hues depending on the fruit
type (Krosofsky, 2021). Also known, is that the colors
eventually darken further down in the ripening
process (Krosofsky, 2021).

Climacteric/ non-climacteric fruit

On the basis of ripening behavior, fruits can be classi-
fled into climacteric and non-climacteric fruits
(University of Maryland,(n.d.)). Climacteric fruits are
defined as fruits that enter a ‘climacteric phase’ after
harvest, which means they continue to ripen and
increase in sweetness after they are plucked from a
tree (University of Maryland,(n.d)). Non-climacteric
fruits however, do not ripen further after harvest, and
do notincrease in sweetness after plucking (Universi-
ty of Maryland, (n.d))). Therefore, non-climacteric fruits
need to be harvested when they are fully ripe. A list of
fruits, indicating if they are climacteric or non-climac-
teric, is displayed in Table 1.

A Climacteric Fruits

Ethylene

Respiration

Non-Climacteric Fruits

Relative Rate

Respiration

Ethylene

=

Time After Harvest

Figure 33. Ethylene levels during fruit ripening by University of Maryland (n.d.)

Apple Climacteric
Banana Climacteric
Pear Climacteric
Tangerine Climacteric
Orange non-climacteric
Graope white non-climacteric
Grape dark non-climacteric
Strawberry non-climacteric
Kiwvi Climacteric
Pinneaple non-climacteric
Melon Climacteric
Cherry non-climacteric
Blueberry non-climacteric
Raspberry non-climacteric
Lemon non-climacteric
Mango Climacteric
Peach Climacteric
Plum Climacteric

Table 1. Fruit sortened in climacteric (increase in sweetness) or non-
climacteric fruit (flavor doesn't change) (keep it fresh, 2019).

Online research survey

Directly understanding an abstract visualization that
displays fruit is highly dependent on the user's ability
to identify a specific fruit type. In the earlier addressed
concept ‘window of opportunity’, and thus the first
2-3 seconds the user engages with the design, over



50% of the user's cerebral cortex is devoted to visual
processing (Connolly, 2015). Therefore, in order to
recognize an object within the first 2-3 seconds after
locking attention with the design, color is conse-
quently crucial. A digital research survey was devel-
oped to investigate how closely different fruit types
are associated with visual colors (Appendix C). The
findings of this study will serve as the foundation for
choosing the color, or color combination that will be
used to recognize a particular fruit type.

Method

The online survey uses a qualitative research meth-
odology and consists of 19 identical questions. The
participants were asked to choose between sixteen
different colors (light and dark version) that in their
opinion best portrays a particular fruit type (Figure
34). A limited number of colors was available for
selection, in order to significantly distinguish
between colors. As additional cues for the participant
to understand the question correctly, the following
notes were listed;

o Respond to the question using your own
interpretation when solely thinking of the fruit.
o Choose one or two colors from the scheme.

*  The selection is limited to one or two colors, due
to previous research concluding 3 colors or
more do not result in any recognition when it
comes to identifying color with flavor (Spence et
al, 2015).

Participants were required to confirm that they do not
suffer from any form of colorblindness, and live
longer then & years in the Netherlands. Furthermore,
this research has been classified as minimal-risk, and
participants were at least 18 years old. Participants
have been recruited voluntarily using a link that
directs to Microsoft forms, and signed a consent
form, describing the ethical regulations and experi-
ment, before entering the survey (Appendix D). The
researcher has declared to follow the general data
protection regulation (GDPR) when signing the ERB
form thatis approved by the supervisor of this project;
squad leader of Transforming Practices Daisy Yoo,
Eindhoven University of Technology.

Results

The fruittypes included in this study are based on the
average top 10 fruits that are consumed in the Neth-
erlands (aHealthylife, 2021). Namely, fruit that is

Which of the following colors do you believe best portrays the following Fruit?

PEACH

e Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

1Lwhite 2 Mava wis 4. twperial 5 Amber 6. Mellow 7. Emerald  2.Sage
9. Brown 10. Space 11, Mauve 12 Carmine 13. Coral 14, Bundblebee 15. Paisly 16. Ferm

Figure 34. Example question research survey

consumed on a regular note might subconsciously
be more accurately registered in regards to aesthet-
ics and flavor, than fruit that is never eaten. However,
due to an uncertain quantity of useful results, seven
additional well-known fruit types are added to the list.
In total 26 participants have filled out the online
research survey voluntarily and anounymously. The
color and fruit association results can be seen in
Table 2, acquired from the more detailed survey
results located in Appendix C. The first 10 fruits in the
list account for the top 10 most consumed fruits in
the Netherlands as of 2021 (aHealthylife, 2021).

Apple  Imperial + Bumblebee / Sage @)
Banana Bumblebee + Mellow

Pear Sage + Mellow
Tangerine Coral
Orange Coral + Amber

Grope white Sage

Grape dark Carmine / Space @) @
Strawberry Imperial @
Kiwi Fern + Brown @ @
Pinneaple Bumblebee + Fern = @
Melon Imperial + Fern @ @
Cherry Carmine o
Blueberry Space + Mauve @ @
Raspberry Imperial @
Lemon Bumblebee + Fern @
Mango Imperial + Bumblebee @
Peach Amber + Coral

Plum Space + Carmine [ X ]

Table 2. Digital survey results; association between fruit and color



Data analyse (Appendix C)

Noteworthy observations regarding the outcome of
this investigation can be divided into four categories.
Firstly, the 10 most consumed fruits do not stand out
from the remaining seven fruits in terms of definite
results. For example, the fruit type apple had as
leading result the color ‘Imperial' (17 clicks), but a
devided second place was obtained by ‘Bumble-
bee'(5 clicks) and ‘Carmine’(5 clicks). Out of the light
and dark color red, which is both presentin the skin of
the fruit at a certain point in the ripening process, the
light-red color ‘Imperial’ is chosen in combination
with ‘Bumblebee’ for the recognition stage in the
design concept. Furthermore, the colors ‘Fern'(3
clicks), 'Emerald'(1 click) and ‘Mellow'(1 click) had
been checked as well In contrary, the fruit type
peach, which does not appear in the top 10 list,
showed very clear results; 16 out of 26 participants
choose the two portraying colors ‘Amber’ and ‘Coral’.
The remaining answers consisted of solely either
one of these colors, together with one hit on ‘Imperi-
al, a color that comes forward at a later stage of the
ripening process. The second noteworthy observa-
tion relates to indings on colors that are either only
visible on the surface of a certain fruit type or visible
on the inside as well. The fruit type banana for exam-
ple, is portrayed not only by the outside color ‘Bum-
blebee’ (26 clicks), but also the inside color ‘Mellow
(7 clicks). Furthermore, the third observation relates
to additional leaves being incorporated in the color
selection. The fruit type pinneaple and lemon for
example both are assosciated through the colors
‘Bumblebee’ and ‘Fern’. The part of the fruit that is
edible, however, only contains yellow pigments. The
last observation, which could serve also as justifica-
tion for this outcome, can be explained by the
present culture of marketing and commercialism
(Kearney, 2010). In advertisements of e.g. beverages,
an idealized image is put forward (Figure 35). In the
results, consequently, the fruit type pear is declared
by the colors 'sage’ and ‘Mellow. In real life, however,
this fruit type is entirely covered with brown dots
(Figure 36), a color that is only chosen twice in the
research survey for portraying the fruit type pear.

_Original pear by Fone (2021) Figure 36. Idealized image by

Figure 35
Crystal Clear (nd)

Exploratory prototyping

Next to the investigated color combination portray-
ing a certain fruit product, further exploration in regard
to the aim of the user directly understanding the
abstract visualization had been performed. During a
2D exploratory prototyping session, eight new
iterations were gathered and evaluated (Figure 37).

Figure 37 . Exploratory prototyping iterations (Appendix G10)

Firstly, different shapes of visualizing fruit, either
round, triangular, cylindrical or rectangular had been
observed. In the evaluation, it was concluded a
rectangular shape would most accurately fit with
portraying fruit, as you are able to imagine a box
around every fruit type, signifying size. Consequently,
the first iteration that would be utilized in the design
concept are different sizes of rectangular-shaped
perspex glass, in perspective matching the size of a
particular fruit type. The reason why the remaining
shapes are discarded is the following: utilizing a
triangular, round, or cylindrical shape simply wouldn't
make sense as no correlation can be found between
these shapes and different kinds of fruit. Matching
e.g. a banana with a triangle would not be logical,
and would not result in a direct understanding of the
visualization. The second evaluation concerns the
movement of the cylindrical shapes iteration: stand-
ing up straight, towards becoming one with the
ground. This iteration, however, is not included in the
design concept as this symbolizes not the fruit ripen-
ing process, but a stage when it is too late to prevent
fruit waste; namely the process of decay. Lastly, addi-
tional information might be of help when looking at
the design. Multiple iteration ideas of adding a tab
towards each visualization possibility had been
generated. Either inside the borders of the perspex
glass, outside the borders of the perspex glass, a
rectangular or round shape, and multiple or just one
tab. Ultimately, the second iteration consists of a
single rectangular outside tab for every perspex
piece of glass. The rectangular-shaped aesthetic is



chosen, in order to match the larger rectangular
piece of glass, simplifying the design. The tabis locat-
ed at the outside border with the aim to distinguish
this particle from a distance. Ultimately, in this design
concept, this tab is used as a last reminder for the
user to prevent fruit waste, notifying the user a day
before the fruit is not edible anymore by emitting
white light (Figure 38).
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Figure 38 . Iteration tab
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Color change corresponding to sweetness

The design functioning as an abstract notifying
visualization that is easily understandable and/or
learnable has been acquired through the previously
explained design iterations. Because of the gathered
knowledge about the ripening process of the frui,
the color associations with specific fruit types gained
from the research survey, and the conclusion of
Spence et al regarding which colors correspond to
sweetness in particular, the following visualization
stages in the design have been created; recognition,
ripe, and over-ripe (Figure 39). Diving deeper into the
last step, the over-riping process, which occurs after
the fruit reaches its peak in riping, and before the fruit
starts to decay, a color shift will take place based on
the boxplot in Figure 32. An example is given by
using the fruit type apple. According to the research
of Spence et al, out of the two recognizable colors
'imperial’and ‘'bumblebee’, red correlates with sweet,
and yellow correlates with sour. Due to anincrease in
sweetness of the fruit over time, therefore red increas-
es in area, and yellow decreases in the visualization.
The aim is that the user is able to understand the
increase in sweetness through using their own expe-
riences and encounters with fruit. To which extent
this theoretical color shift is understandable for the
user should be investigated with a user test.

Appels become sweeter over time
Yellow correlates with sour
Red  correlates with sweet

L
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RESEARCH
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Investigate which
color combinations
are assosciated with
specific fruit types.

Figure 39 . Color and fruit assosciation
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RECOGNITION

Once a fruitis starting its
riping process, a section
of one single rectangu-
lar piece of glass will
light up in correspond-
ing colors obtained from
the research survey

O

RIPE

Over time, the rectangu-
lar piece of glass will fill
with light Once the
glass is completely
colored, thisis an indica-
tion the fruit is at its peek
of riping and thus
optimal for consump-
tion.

O,

OVER-RIPE

In the over-riping process
of the fruit, a color shift in
the rectangular piece of
glass will happen accord-
ing to the change In
sweetness. This color shift
is based on the taste-color
research of Spence et al.



Manufacturing iterations

Rectangular perspex

From the eighteen investigated fruit types, seven
classes of size have been created that match the true
size of fruit In perspective (Figure 40). The sizes take
into account how the fruit is packaged or purchased
in the supermarket. Pineapple e.g. is represented by
an elongated vertical rectangular shape, matching
the shape of a full-in-tact pineapple. Melon is repre-
sented through a more squared shape, as this shape
would be the outcome when imagining a box
around a round melon. Continuing with mango, and
the two kinds of grapes, a match in size and shape
was obtained. Kiwi and tangerine are separately
categorized from peach, orange, lemon, pear, apple
and plum due to their significantly smaller size.
Furthermore, the banana is portrayed through an
elongated vertical shape at the front. Although
bananas are known to pOssess a curve, rotating the
banana 90 degrees results in the obtained visualized
box. Lastly, the smaller fruits; cherry, blueberry, straw-
berry, and raspberry contain multiple pieces per
package, but are not connected, such as with
grapes. Therefore, these fruits are categorized to the
smallest rectangular piece. Manufacturing these
shapes is realized through the practice of milling
(Figure 41). Once finished, the glass will be placed
rightontop of the LED's, situated on the ‘middle base’
in order to prevent any loss of light.

Pineapple
Melon

Mango
\ Grapes (W)
Peach Grapes (D)
Orange
Lemon Kiw
Pear Tangerine

Apple

Banana

*Visualized fruits have been part of the research survey

Figure 40. Fruit categorized to size

Supplementary tab

The supplementary tabis visioned at the side of each
single rectangular piece of perspex, creating the
possibility to notify the user a last secondary time on
the deterioration of fruit (Figure 42). The tabs will be

Figure 41. Milling perspex glass

matching the sizes in perspective, subconsciously
reflecting the size of waste. To avoid being blocked by
a component in front of it, the tab is positioned on
either the left or right side of the glass. Seven supple-
mentary tabs are manufactured using an Endor 5 plus
3D printer machine (Figure 43). The color white matches
the white colored disk, portraying a neutral, clean image
(Smith, (n.d)). Instead of a smooth surface, emerging
rigids are added to the design, inspired by the forbidden
logo’, that is often displayed with an oblique line.

Figure 43. 3D printing supplentary tabs



White oak base

To ascertain whether the material of the base would
produce the desired aesthetic, the concept was
initially tested in a rendering process (Figure 49).
Eventually, a white oak hardwood appearance was
chosen. This material appearance as foundation
could be implemented in any kitchen aesthetic due
fo the often-used wooden elements or accessories.
Think about a wooden cutting board, spoons and
spatula, storage jars, or a wooden tea box. On top of
that, the wooden look won't be a disturbing color in
relation to the visualization, as wood generarlly is
perceived as a material that is used in house furniture.
In order to convert the MDF base to a white oak ook,
a thin layer of veneer is used (Figure 47). The top
layer with 4 openings is cut out with a milling
machine, using the same file as ‘Top base’ (Figure
23). Afterwards, another stroke of veneer is carefully
bent through the practice of steaming; with the use of
a hot iron, the wood becomes soft and bendable
(Figure 44). The stroke of veneer is then situated in
place with clamps in order to shape the wood in the
desired form (Figure 45+46). Finally, the white oak
veneer is put together in a box that can be shoved
over the MDF wood, in order to modify the electron-
ics if necessary (Figure 48).

Figure 46. Fixed in place

Figure 45. Bended veneer

Figure 49. Rendering final concept
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App

The project has placed a strong emphasis on creating a
new medium that modifies the ritual of fruit consumption
and purchase aiming to reduce food waste in Dutch
households. To enhance the design towards the user's
perception, multiple iteration processes had been
deployed in an attempt to realize this objective. However,
presenting a new medium that illustrates the fruit ripening
process might not be accepted if the data the visualization
is built upon is not transparently conveyed. In order to
effectively provide this transparent information, an RFID
tag can be scanned that is hidden under a white disk
(Figure 50). When this tag is scanned, the JESI app will
activate immediately (Figure 51), allowing the user to
access more specific information regarding the ripening
process. Transparency in brands is known to built trust an
loyalty towards its customers (Nguyen, 2022); these
attributes could be crucial for integrating the design in the
user's routine of fruit consumption and purchase.

Figure 51. Electronic components



App features

In the design concept, the data for the fruit ripening visual-
ization is obtained from the ‘smart label displayed on the
packaging of the fruit product (Figure 16). In the app,
therefore, a feature of easily scanning this label is imple-
mented (Figure 50). In addition, once the user is throwing
away a certain fruit product, this fruit can be scanned and
added to the user's shopping list. Making a list of the prod-
ucts you need before shopping reduces food waste as it
prevents overbuying (Fleguel, 2022). Another feature is
implemented in the app with preventing overbuying as
goal. Due to the app having the knowledge of which exact
fruit products are present at home, a clear overview can
be displayed (Figure 52). In case the user is unsure of this
factin the store, he/she can simply check the app and buy
the required amount. Also the fruit that has been prevent-
ed from becoming waste is displayed, as it may occur that
another family member has eaten a certain fruit product
(Figure 52). The effect of displaying explicitly what fruit is
prevented from waste could be investigated with a user
test.

Furthermore, the home-screen of the app displays a
detailed informative overview regarding the current ripen-
ing stage of the fruit products. In order to draw attention to
this feature, the app’s layout is based on the neutral tones
white and grey. In this detailed overview, the percentage
of ripening, the days until the fruitis at its peak of the ripen-
ing process, the days until the fruit is starting to decom-
pose, and a graph of ethylene is displayed. The ethylene
graph correlates effectively with the ripening stage of the
fruit, and thus a clear peak of ripening can be established
(University of Maryland,(n.d)). Although the ethylene
graph descends after its peak, the fruit still continuously
increases in sweetness in regards to climacteric fruit
(University of Maryland,(n.d.)). In the case of non-climac-
teric fruit, however, the peak of ripening would be at the
moment of harvest, and the ethylene graph would be
visualized as a descending line. Lastly, the app is provided
with a chat specifically indended to communicate about
fruit products in the household (Figure 53). This chat has
the aim to contribute to the shift of regurlary staying in
touch with your fruit fruit freshness. Furthermore, the chat
gives an overview on what happens or has happened
with all the fruit products in the household.

Final Demoday

At the Demoday set-up, the following assets could be
observed; the main poster, an empty fruit bowl, two addi-
tional posters, a mobile phone with an app, and the design
'JESI itself (Figure 54). An expanded image of the app is
depicted on the main poster, illustrating how the design
concept is related to the field of human-computer-
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-
they are almost going bad 2

: l You can have the last
. U can have the
Raspberries ) oo

Ploce comment )

Figure 63. Jesi app ‘Chat’



interaction. The two smaller posters supplement the
physical design with additional information. The first
poster provides a detailed scheme of the glass sizes
inrelation to the many fruit varieties, while the second
poster presents a condensed journey map on the
relationship between fruit and color (Figure 55). The
LED's of the design were programmed in such a way
that various fruit types with their corresponding color
combinations were displayed in a loop (Appendix E ).

Feedback

Overall, visitors appeared to be interested about the
abimy toholdthe phone Closetothe tag—reading disk, Figure 54. Final Demoday at Eindhoven University of Technology
which results in the app opening instantaneously. »
Furthermore, due to the visitor's personal experienc- i P o

es and marketing knowledge, there was also a great > o
deal of curiosity in the subconscious association :
between fruitand color, as follow-up questions about
this specific topic were asked. The project's coach,
Daisy Yoo, added the insight that, rather than display- >
ing the predetermined “peak of ripening” with the ®
ethylene graph, it might be interesting to individualize )
the design and display the user's personal "optimal I~
moment of consumption'. Furthermore, comments s
like “it looks finished” and ‘it looks complete’ were
often made.

Figure 55. Posters Demoday (Appendix F)

Final design JESI

'JESI" can be viewed as a new medium to be intro-
duced in dutch households, where a new ritual for
consuming and purchasing fruit can be established
through the use of an abstract notifying visualization
(Figure 56). Using color combinations and transitions,
the design lets the user stay in touch with the sweet-
ness of the fruit at every moment of its riping process, in
order to consume the fruit at user's preferred moment
in time. A shift towards the direction of consumers
being able to engage with their fruit freshness on a
regular note is encouraged, in order to reduce the large
numbers of foodwaste in the Netherlands. The final
functioning of the design; JESI Visualizing Fruit Fresh-
ness, can be viewed in Figure 57.

Target group

The general population of Dutch households served
as the target user during the design process, hence the
performed online survey investigation. However, a
starting couple will be the main focus of the design
when it is released on the market as they are going
through the process of adapting to various new
routines in the household. Introducing a new medium
here, could be better incorporated and tested in
regards to how this effects the user.

Figure 56. JESI



MOMENT OF THE FRUIT RIPING PROCESS

JESI Design

A —

SCAN FRUIT ARTICLES
IN SUPERMARKET

STORE FRUIT
ARTICLES IN HOME

e .

USER CAN CHOOSE AT WHICH

WHEN USER HOLDS THEIR PHONE
NEAR THE TAG READER THE
JESI" APP OPENS INSTANTLY,

REDUCING THE TRESHHOLD TO
INTERACT WITH THE DESIGN

THEY PREFER TO CONSUME THE FRUIT
BY USING NATURAL INSTINCT
REGARDING COLOR SHIFTS

Figure 567. JESI design concept

DISCUSSION

A new medium is designed, based on the daily
subconscious human experiences in life (Connally,
2015), with the objective to serve as a catalyst for a
new fruit waste-reducing habit. In order to grasp an
understanding of the associations that are made with
multiple fruit types, a private investigation as well as
outside scientific research had been obtained.

Color assosciation

Dutch citizens' interpretations on the assosciation
between fruit and color were examined with the aid
of a specific color scheme (Appendix C). Although a
lightand dark version for 9 distinct colors were select-
able, it can be questionable if a larger number of

NOTIFIER FOR THE USER BEING ABLE TO

USER

—_ -

DESIGN VISUALIZES
WHEN FRUIT STARTS
RIPING

LIGHTING UP AND IS ABLE TO
EVALUATE THE FRUIT FRESHNESS
IN ITS RIPING PROCESS

%%&\_ U'ﬁ

USER TURNS OFF CERTAIN
VISUALISATIONS, COMMUNICATES
WITHIN HOUSEHOLD ABOUT JESI'
AND IS ABLE TO FORESEE
FUTURE JESI STATUS

THE TAG AT THE SIDE OF THE GLASS
WILL EMIT WHITE LIGHT A DAY
BEFORE THE FRUIT STARTS
DECOMPOSING, SERVING AS A LAST

PREVENT FRUIT WASTE

colors would lead to more valid results. In this hypo-
thetical investigation, the chance of the assosciated
colors matching however lessens, as a clear distinc-
tion between colors now is not easily made. Also, a
limitation of selectable colors in this survey was
required in order to match the results with the emitted
light from the LED's. Furthermore, It became appar-
ent throughout the design process that various
lighting situations alter how colors are perceived,
and, cause the perception of brightness levels to rise
in darker conditions. The color transition in the visual-
ization in regards to the ‘over-riping’ process of the
fruitis based on the research of Spence et al, indicat-
ing an increase in sweetness during the ripening
process. This notification of sweetness increase was
implemented with the intention to visualize the fruitin

USER GETS NOTIFIED BY VISUALIZATION



an appealing manner. However, the tipping point of a
too-far deviation from reality in regards to the original
color balance of the fruit is not included in this
research.

Learnable design

When looking at the results of the online research
survey, itis noticeable that certain fruit types are more
evident then others. However, a decision regarding
the ultimate design was made to include all the inves-
tigated fruit types and their color assosciations.

Namely, in the design concept, the purpose was set
on the user being able to learn the design. Therefore,
in the scenario e.g. the fruit type apple for a particular
useris portrayed solely by the color ‘imperial, and the
design uses both ‘imperial’ and ‘bumblebeg’ for the
recognition stage, the user is able through repeatedly
seeing this visualization learn that this portrayed color
combination means apple. To which extent this
learnability can be obtained could be investigated in
future research. In conclusion, due to the design's
involvement with subconscious levels in the brain,
unstable territory is attended and definitive research
could furhter optimize the design.

FUTURE STEPS

In order to best opimize the design for the target user,
future user tests on different aspects of the design, e.l
earlier adressed color recognition, color transition
indicating sweetness, sizing of the perspex glass, and
the application of the app should be conducted and
evaluated. Furthermore, a specific user test in regard
to the design goal could give insight to which extent
areductionin fruit waste is succesfully achieved. Part
of this prospect has been set-up in the earlier
described plan of placing the design on the market
The initial target user would be a starting couple,
intended to investigate if the design is incorporated in
their daily life and if a new ritual of consuming and
purchasing fruit is established. Observations and
reviews in regards to this user experience would
result in iterations and tweekings of the design, and a
second iterated version would afterwards become
available on the market for the entire Dutch popula-
tion. Additional possible future steps in regards to the
design potential could be an individualization of the
medium. This way, the design would become more
reliable to each user specifically, rather then sending
one version to every household. Think about
customizing a selection of fruit types, or program-
ming the app insuchaway itis able tolearn when the
user is most likely to eat their fruit.

Currently, the user must use the JESI app in order to
retrieve data about the ripening stage of the fruit
product. Due to the upcoming ‘smart label’ innova-
tion (Wevolver, 2022), the design JESI consequently
is intended for a future scenario in the household.
The already existing self-scanners in supermarkets
also utilize the self-scan practice, however, with a
different purpose (Boodschappen doen met Zelfs-
can | Jumbo. (n.d)). A collaboration between JESI
and supermarkets would facilitate the process of
obtaining data for the user, instead of scanning the
product twice, with e.g. both the Jumbo app (Figure
58) and the JESI app (Figure 59). Acquiring this
collaboration would therefore be one of the first
actions that will be made in a potential future pros-
pect for the JESI concept.

Figure 68. Jumbo app Figure 59. JESIapp



Reference

aHealthylife. (2021, August 16). De top 10 meest gegeten fruit
soorten in Nederland. https.//www.ahealthylife.nl/de-top-10-mee
st-gegeten-fruitsoorten-in-nederland/

AdobeStock. (n.d). Stockfoto's. https://stock.adobe.com/nl/?g
clid=CjwKCAIA2fmdBhBpEIiwA4CcHzZ6GMVZTX9W2ReMH
NLIBb4wu1sZtz62LxNTK67TDOP7CubDcvoolYgRoCyKEQA
vD_BwE

Antasouras, G, Vasios, G.K, Kontogiorgis, C, loannou, Z, Poulios,
E. Deligiannidou, G.E, Troumbis, AY, Giaginis, C. (2022, October
3). How to improve food waste management in hospitals
through focussing on the four most common measures for
reducing plate waste. Int J Health Plann Manage. doi 10.1002/h-
pm.3686

Aschemann-Witzel, J, De Hooge, I, Amani, P, Bech-Larsen, T,
and Oostindjer, M. (2015). Consumer-Related Food Waste:
Causes and Potential for Action. Sustainability 7. doi:10.3390/-
su/066457

Barone, AM, & Aschemann-Witzel, J. (2022). Food handling
practices and expiration dates: Consumers’ perception of smart
labels. doi: https://doi.org/10.1016/j foodcont 2021.1086 15

Biswas, P. (2022, May 3). Pune: At MahaFPC, QR codes on
mangoes are helping buyers check even the tree from which a
fruit was picked. The Indian Express. https//indianex-
press.com/article/cities/pune/pune-mahaf-
pc-mangoes-gr-codes-check-tree-from-which-fruit-was-picked-
7899700/

Boodschappen doen met Zelfscan | Jumbo. (n.d.). https:/mwww.-
jumbo.com/service/zelfscan

Cardello, A, & Schutz, H. (2002). The Concept of Food Fresh-
ness. Uncovering lts Meaning and Importance to Consumers.
doi10.1021/bk-2003-0836.ch002

Chandon, P, & Wansink, B. (2012). Does food marketing need to
make us fat? A review and solutions. PMID: 23035805, PMCID:
PMC3495296. doi: 10.1111/.17563-4887.2012.00518.x

Claeys, B. (2022). How to use QR codes for agricultural market-
ing. Qrtiger. https//www.grcode-tiger.com/qr-codes-in-agricul-
tural-marketing

Clearmark. Smart Labels in the Food Industry: Applications and
Benefits. (2022, June 27). https//www.clearmark uk/re-
sources/news/smart-labels-in-the-food-industry-applications
-and-benefits

Connoally, J. D. (2015, March 4). The Color-Flavor Connection.
Jenn David Design. https//jenndavid.com/the-color-flavor-con-
nection/

Conrad, Z. (2020). Daily Cost of Consumer FoodWasted,
Inedible, and Consumed in the United States, 2001-2016. Nutr. J.
doi10.1186/512937-020-00552-w

Crystal Clear. (nd) https//www.crystalclear.nl/product-info/ap-
ple-pear

Davenport, M.L, Qi D, Roe, BE. (2019). Food-related routines,
product characteristics, and household food waste in the United
States. A refrigerator-based  pilot  study. doi.  httpsi//-
doi.org/10.1016/resconrec.2019.104440

de Hooge, I. E, Oostindjer, M, Aschemann-Witzel, J, Normann, A,
Loose, S. M, and Almli, V. L. (2017). This Apple Is Too Ugly for Mel.
Food Qual and Prefer. doihttps//doiorg/10.1016/ food-
qual2016.09.012

Dezeen. (2016, January 4). Al-in-one digital table for lkea
suggests recipes based on leftover ingredients. YouTube.
https.//www.youtube.com/watch?v=8Mc3g2gbBJo

Etherington, R. (2009, September 8). Food Probe by Philips
Design. Dezeen. https//www.dezeen.com/2009/09/08/-
food-probe-by-philips-design/

Fleguel, C. (2022, January 12). Why Is Food Waste A Problem?
Pela Earth. https//lomi.com/blogs/news/why-is-food-waste-a
-problem

Fone, M. (2021, November 9). Curious Questions: Where do
conference pears get their name? Country Life. https/Awww
.countrylife.co.uk/food-drink/curious-questions-where-do
-conference-pears-get-their-name-234853

Food waste in Dutch households in 2019. (2019). TABLE
Debates.https://www.tabledebates.org/research-library/-
food-waste-dutch-households-2019

Foundry, | T. (n.d.). Download premium psd / image of Food and
environment waste pollution template by dunno design lab
about burger, poster, environment, food, and waste 2396614
Rawpixel https://www.rawpixel. com/image/2396614/premi-
um-illustration-psd-food-burger-poster

Hobson, B. (2015, May 27). All-in-one digital table for IKEA
suggests recipes based on leftover ingredients. Dezeen.
https://www.dezeen.com/20156/06/27/movie-digital-ta-
ble-ikea-ideo-suggests-recipes-leftover-ingredients/

Jorissen, J, Priefer, C, Brautigam, K R. (2015). Food Waste Gener-
ation at Household Level: Results of A Survey Among Employ-
ees of Two European Research Centers in Italy and Germany.
Sustainability 7. doi:10.3390/su7032695

Kearney, J. (2010). Food consumption trends and drivers. PMID:
20713385, PMCID: PMC2935122. doi:10.1098/rstb.2010.0149

Kroes-Mulder, M. (2018, March 29). Druiven uit eigen tuin. Pinter-
est. https//nl pinterest com/pin/205265695500758211/

Krosofsky, A. (2021, October 28). Why Do Fruits Darken As They
Ripen? Green Matters. https://www.greenmat-
ters.com/p/why-fruits-darken-as-they-ripen

Laurentiis, V., Corrado, S, Sala, S. (2018, July). Quantifying house-
hold waste of fresh fruit and vegetables in the EU. doi: https./-
doi.org/10.1016/jwasman.2018.04.001

MinuteEarth. (2021, October 25). Why Some Fruits Won't Ripen
Oon Your Counter. YouTube. https//www.you-
tube.com/watch?v=ttCd60Qko5A



Neela, £, & Harloveleen, S. (2019). Food Packaging Develop-
ment Recent Perspective. https://www.researchgate.net/publi
cation/338738994_Food_Packaging_Development_Recent
t_Perspective

Nguyen, L. (2022, August 29). What is Brand Transparency and
Why It Is Important? Latana. https://latana.com/post/brand-trans-
parency/

Not Complicated. (2021, March 7). What are the Effects of Food
Waste on the Economy of a Country | Causes of Food Waste.
YouTube. https//www.youtube.com/watch?v=kGRmSRzg76k

Phillips, K (2022, November 10). Effect Color Has on Food
Perception, Flavor and Quality. HunterLab Horizons Blog.
https:.//www.hunterlab.com/blog/effect-color-has-on-food-per-
ception-flavor-and-quality/

Roque, J, Auvray, M, Lafraire, J. (2018). Understanding Fresh-
ness Perception from the Cognitive Mechanisms of Flavor: The
Case  of  Beverages. doi  hitps//doiorg/10.3389/f
psyg.2017.02360

Russell, S. V, Young, W. C, Kerrig, L. (2017) Unsworth and Cheryl
Robinson.  Bringing habits and emotions into food waste
behaviour. Resources, Conservation and Recycling. doihttps:/-
doi.org/10.1016/j.resconrec.2017.06.007

Safe In-home Air. (n.d) Does Humidity Affect Fruit? https://safein-
homeair.com/does-humidity-affect-fruit/

Schoolfruit (n.d). Schoolfruit.nl. https://schoolfruitnl/perziken/

Seatle Sutton’s. (n.d). Does” fresh” always mean fresh?. Seattle
Sutton’s Healthy Eating. https//www.seattlesutton.com/blog/-
does-fresh-always-mean-fresh/

SETHLUL (2019, December 11). How A Hospital Kitchen Makes
3000 Meals A Day. YouTube  https//wwwyou-
tube.com/watch?v=16pJz2PdyYU

Smith, K (nd). color explained by an expert in a way that
everyone can understand. Sensational Color. https.//www.sensa-
tionalcolor.com/meaning-of-white/

Spence, C, Wan, X, Woods, A et al (2015). On tasty colours and
colourful tastes? Assessing, explaining, and utilizing crossmodal
correspondences between colours and basic tastes. Flavour 4,
23.[63] p.86. doi: https://doi.org/10.1186/s13411-015-0033-1

Spence, C, Wan, X, Woods, A et al. (2015). On tasty colours and
colourful tastes? Assessing, explaining, and utilizing crossmodal
correspondences between colours and basic tastes. Flavour 4,
283, doi: https://doi.org/10.1186/513411-015-0033-1

ThoughtCo. (2018, January 3). The Mother of All Apples was a
Crab Apple from Central Asia. https.//www.thoughtco.com/do-
mestication-of-the-apple-central-asia-4121220?utm_conte
nt=bufferca20f

Today | Found Out. (2017, August 14). Why Fruits Change Color
and Flavor as They Ripen. YouTube. https//www.you-
tube.com/watch?v=xvHJdTyBKk8

Too Good To Go. (n.d.). WELK VOEDSEL WORDT VERSPILD?
https://toogoodtogo.nl/nl/movement/knowledge/welk-voed-
sel-wordt-verspild

UNEP. (2021). Food Waste Index Report. UNEP - UN Environ-
ment Programme. https://www.unep.org/resources/re-
port/unep-food-waste-index-report-2021

University of Maryland. (n.d.).Ethylene and the Regulation of Fruit
Ripening. https://extension.umd.edu/resource/ethylene-and-
regulation-fruit-ripening

University of Oxford. (2020). Food waste is responsible for 6% of
global greenhouse gas emissions. Our World in Data. https://our-
worldindata.org/food-waste-emissions

Wageningen Food & Biobased Research. (2014, March 4).
Voedselverspilling in ziekenhuizen. YouTube. https:/www.you-
tube.com/watch?v=gcbu7KYb-cO

Wan, X, Velasco, C, Michel, C. et al. (2014) Does the type of
receptacle influence the crossmodal association between
colour and flavour? A cross-cultural comparison. Flavour 3, 3
https://doi.org/10.1186/2044-7248-3-3

Wevolver. The Future of Package Tracking: The BLE Smart Label.
(2022,  April  18).  https//iwww.wevolver.com/article/the-fu-
ture-of-package-tracking-the-ble-smart-label

Zelfscannen | Albert Heijn. (n.d.). https//www.ah.nl/over-ah/win-
kelservices/zelfscannen

Zwaag, G. (2015, October 24)iCulture.nl. Jumbo-app voegt
streepjescodescanner toe. iCulture. https.//wwwi iculture.nl/nieu-
ws/jumbo-app-streepjescodescanner/



Appendlx A Functionaly brainstorm

ﬁf)ﬂ% Wat

Trust perihes
@,mctué

Taking Procuces
Ok the nol Of
the shlf Givo)

Cool / Not cool

Figure A1. Supermarket

Taste L
; Aeelopnten Tinporiance 4 T
HCD:NMDS ‘ OF 80rmtwe. . i i
Suctess i O
IE i ‘..
i 3ang for
= dogga g civeey

Food,
Closses o2

Tl fows Price
High Price

Figure A2. Consumer



Appendlx A Functionaly brainstorm

Fupiration
Food in home Dares
tha is overlooty

Figure A3. Storage

ool dspect Tnfence of

Wwhaen wSuthL T oo S
Stors

Fxcousive /cwamy
ool Purchasing
Qt Clctferert Stores

Figure Ab. Supplier



Appendix B sketching

T

_.’“)‘a"\ QULSE

are Subject bO CoNKinUDUS
UAING. Qrowoth
coudd

MOE Lo On, ¢

rvest dederoration

fachkos

SpiraL lon. FControlllng

ene. P CE o

Tr |

Q Irdpnspirabion. O water lees

o Compositional changes

<J

@ CMpPer oLby=e

21COL o Ge

o Pacteria [ {'ﬂ.m:.] i

Posthanest daeteriorahon can't be Stopped,
bt & can ke sbused olown.

Liaht has shown an J\fcr{-@.{m‘ tactor
-GN

= RecCentWw
L cerfaiin oo produlCrs .li.'ﬁ‘mt can,. improve
<

GUOMEY akbnbuies 08 Fresh fnuk ond '»-’t'_nﬁc*m.;'w;
A may odso adk oS a nakuwold defense

Store

. 1
aga

TOA nooe 2B s,

Figure B1. Sketch controlling fruit & vegetable deterioration

5
i £
- : . ( ) 8
) 1 ~
N
\
x i C
Q £ 1 N ]
-~ + |* T |5
3 E » |
~ VAT AT 1 EMF =
fo \ |
| c 5 - BOrT
—,
e (¢
g
i
> SUSE OF
Ut

Figure B2 Sketch RFID tags on products



Appendix B setching

RN [T A
el N et L
_ NEAE
\l"-»' : @
Figure B3. Scan efficiently
\-'_ = T A M

Figure B4. Sketch hospital foodwaste portioning iteration



Appendix B sketching

- A~y nste sSpli .‘."'\ .‘kl(‘('u- ‘.!—’
@ Hospitok Foodwastke poctue of
1 lo 4 /{
Personcuesed, Preporakbon Por Hony A

TOCCL
Potakbase o
L Host opbmal / - l

healthy +ood Less pokients patients €ou
COMBINAHONS Less

per pahenk,

U\ thalr indiv-

1ol staje

TPokient

0T the netherlands 350.000 meols need to be
pPreparcd por du% for homspieals [healthcare = |40/, WOST
Nageningen V-~ ¢ Vegerables is Most HVOLN Quat)
v U WA
J 4]

e Diner owk 0f Llunch [breaffast most often
not <aden

Figure B5. Hospital foodwaste

SO o
L KNG

WATER
HUNTDIFIER v~

Figure B7. Sketch growing herbs out of remains



x31d CIOH-EN
- S33d WanyN SINODZE ORo0D TIDTIAY NIvg30/ A0k SFtE AL

S « NOLING 13553 TINEFAD JO00% FIHI0 WY 09" pa0=

Sa3ad 335N N2LYR L Favdald QL SSOFHZH + ONINZAFONOD

Q dOE aHL N0 ol I1q0ok HOHM ddY NI Qo?«uuﬁ

: _1ON <+ 333z HL No 1T SIovid QN
TYAIIH0 208 ANT L,

oNTINISHKATR 00D N YO0 HNIANASaZI0D HAIM 77T 771IM

= N NZNL OL Iy ONTIE oK 20 'SEIdXE ISoWTY INOH IHL NT

2 S i Ay ST qoot NEYLSD ¥ V0 N2HAIT 3HL NI
NOTYZEWNSTR , LTS, Q=Zv7d (BIS=2A X EdSadt

Q. Q/ q\  NOLIIWNSNDD 'Jeaq SIOTION 238N "IIANINGE ¥ SY
=
%_

—_— — - — |‘ —
|

.u nWﬂHmm.l___(\\ — L] = o 1 et ! L] =y L J ==

-

Yook
W LYZA T¥NSTA

P

POOF J0F VOROWSUD . TOWGA0 W0 ~OVIG X |

2
.m
)
%
=a
i
.=
=
<
=)
)
<

Figure B7. Sketch Expiring and optimal consumption for food
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x The colors of the boxplot do not correspond to the colors of the color scheme.
The names in the vertical list do correspond with the colors in displayed in Figure C1.

[ 1 =3¢ ¥ Y 12, Carmuing 1 14 olzbee 15, PALSLY 1 e
Figure C1. Color scheme
2. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

PEACH

* Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

@ 1 whie 0
‘ 2. Mava 0
@ s 0
@ 2 Imperial 1
@ 5 Amber 18 25
@ 6 Mellow 0
20
. 7. Emerald 0
@ 2 5age 0 15
@ 9.Brown 0
10

. 10. Space 0

11. Mauve 0 5
®
. 12. Carmine 0 o m
@® 13.Conl 24

14. Bumblebee 0
®

15. Paisly 0
[ ] y

16. Fern 0
®
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3. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

CHERRY

& Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

eer det

&

@ 1. Wwhite b

@ 2. Mava 0

. 3. Iris 0

. 4, Impenial 7

@ 5 Amber 0 25

@ 5 Melow 0 .

@ 7.Emerald 0 a

@ 385age 0 15

@ 9.Brown 0 o

@ 10.Space 0

@ 11 Mauve 1 5

@ 12 Carmine 23 5 - -
@ 13 Coml a

@ 14 Bumblebes 0

@ 15 Paisly 0

@ 16 Fem 1

4. Which of the following cclors do you believe best portrays the fellowing Fruit? (0 punt) )

BLUEBERRY

* Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

. 1. White 0

@ 2. Mava 0

@ s 0

. 4. Imperial 0

@ 5. Amber 0 25
@ 5 Melow 0 .
. 7. Emerald 0 -
@ 5. 5age 0 15
@ g. Brown 0 0
@ 10 Space 21 v
@ 11 Mauwe 13 5
@ 12, Carmine 1 & m
@ 13 Coral 0

@ 14 Bumblebee 0

@ 15 Paisly 0

@ 15 Fem 0
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unt)
5. Which of the following colors do you believe best portrays the following Fruit? {0 punt)

ORANGE

* Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

r details

@ 1. White 0
@ 2. Mava 0
. 3. Iris 0
@ 4 Imperial 0
@ 5 Amber 5 25
@ 6 Mellow 0
20
@ 7.Emerald 0
@ & Sage 0 15
* 9. Brown 0
10
' 10. Space 0
® 11 Mawve 0 5 I
2. Carmi I
@ 12 Carmine 0 5 .
® 13 Conal 23
@ 14 Bumblebee 4
@ 15 Paisly 0
@ 16 Fem 2
6. Which of the following cclors do you believe best portrays the following Fruit? (0 punt)

KIwi

® Respond to the question using your own interpretation when solely thinking of the fruit
s Choose one or twe colors from the scheme

Meer details

1. White 0

®

® 2 Mava 0

® 3.nis 0

@ 4 Impera 0

@ 5 Amber 0 14

@ 6 Melow 1 12

@ 7.Emerald 2 10

® 35.5age 13 8
9. Brown 9 ]

® 6

@ 10 5pace 0 a

® 11 Mauve 0 9

@ 12 Carmine 0 0 | I |

® 13 Coral 0

@ 14 Bumblebee 0

@ 15 Paisly 1

@ 16.Fern 14
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7. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

BANANA

® Respond to the guestion using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

Meer details

1. White 0

® 2 Maa 0
® 3 0
. 4. Imperia ]
' 5. Amber 0 30
@ 5 Meliow 7 25
@ 7.Emerald 0
20
. 8. Sage 1
@ 9. Brown 0 2
@ 10.5pace 0 10
. 11. Mauve (1] 5
@ 12 Carmine 0 - -
@ 13.Cora 0
@ 14 Bumblebee 26
@ 15 Paisly 0
@ 16 Fem 0
8. Which of the following colors do you believe best portrays the following Fruit? (0 punt)
STRAWBERRY
® Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

13. Coral 0
14, Bumblebee 0
15. Paisly 0

16. Fern 0

@ 1. White 0

® 2Maa 0

. 3. Inis 0

@ 4 Imperia 24

@ 5 Amber 0 25
@ o Mellow 0 "
. 7. Emerald 0 -
@ 2 Sage 0 !
@ 9 Brow 0 i
‘ 10. Space 0 “
@ 11 Mawe 0 5
@ 12 Carmine 3 R .
7]

@

o

o
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9. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

PINEAPPLE

* Respond to the guestion using your own interpretation when solely thinking of the fruit
* Choose one or two colors from the scheme

leer details
@ 1. White 0
@® 2 Mava 0
® s 0
@ 4 Imperial 0
. 5. Amber 1 20
18
@ & Mellow 1
16
@ 7.Emerald 0 14
@ 3 5age 1 12
10
@ 2 EBrown 0
8
@ 10 Space 0 6
. 11. Mauve 0 &
2
@ 12 Carmine 0 o ] m
@ 13 Cora 0
@ 14 Bumblebes 19
@ 15 Paisly 0
@ 16 Fem 5
10. Which of the following colors do you believe best portrays the following Fruit? (0 punt)
TANGERINE

* Respond to the question using your own interpretation when solely thinking of the fruit

* Choose one or two colors from the scheme

Meer details

. 1. White 0
@® 2 Mava 0
® s 0
@ & Imperial 0
@ 5 Amber [ 25
@ 6 Mellow 0
20

7. Emerald i}
@
@ 85:ge 0 15
@ 9. Brown i}

0

@ 10 Space 0

11. Mauve 0 5
@
@ 12 Carmine 1 Y - =
@ 13 Cora 3

14. Bumblebee 1
o
@ 15 Paisly 0

16. Fern 0
®
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11. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

LEMON

® Respond to the question using your own interpretation when solely thinking of the fruit

® Choose one or two colors from the scheme

Meer details

. 1. White 0
@® 2 Maa ]
® s 0
. 4. Imperia 0
@ 5 Amber i 30
@ 6. Meliow 3 05
@ 7.Emerald 0
20
. 8. Sage 0
@ 9 Brown 0 13
@ 10.5pace 0 10
@ 1. Mauve 0 5
'@ 12. Carming 0 - l l
@ 13.Cora 0 '
@ 14 Bumblebes 26
@ 15 Paisly 0
@ 16 Femn 2
12. Which of the following colors do you believe best portrays the following Fruit? (0 punt)
RASPBERRY

® Respond to the question using your own interpretation when solely thinking of the fruit

® (Choose one or two colors from the scheme

r details

. 1. White 0
@- 2. Mava 0
® s 0
. 4. Impenial 23
. 5. Amber 0
25
@ 6 Mellow 0
. 7. Emerald i} 20
@ & 5age 0 -
@ 9. Brown 0
. 10. Space 0 0
11. Mauve 0
® :
12, Carmine 3
. 0
G m
3. Coral =
@ =.c 0 [
14, Bumblebee 0
@
15. Paisly 0
@ y
@ 16.Fen 0
Andere 1
@



Appendlx (' online research survey

13. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

MANGO

® Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

letails
@ 1 White 0
@® 2Maa 0
@ 31is 0
. 4, Imperia 8
@ 5 Amber 3 10
@ 5 Mellow 0 :
. 7. Emerald 2 :
. 8. Sage 0 6
0 9, Brown 0 :
. 10. Space 0 :
@ 11 Mauve 0 -
1
‘ 12, Carmine 1 5 I I I
@ 13.Coral 9
@ 14 Bumblebes 10
@ 15 Paisly 2
@ 15 Fem B
14. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

GRAPES (WHITE)

* Respond to the question using your own interpretation when solely thinking of the fruit
# Choose one or two colors from the scheme

Meer details

. 1. White 0
® 2Mava 0
@ :is 0
@ 4 Imperia 0
‘ 5. Amber 1 25
@ 5 Mellow 4

20
@ 7.Emerald 2
@ 3 Sage 23 5
G 9. Brown 0

10
@ 10.5pace 0
@ 11 Mauwve 0 3
@ 12 Carmine 0 B -I.
@ 13.Cora 0
@ 14 Bumblebes 0
@ 15 Paisly 0

16. Fern 0

®
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15. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

GRAPES (DARK)

® Respond to the question using your own interpretation when solely thinking of the fruit
® Choose one or two colors from the scheme

Meer details

@ 1. White 0
e 2. Mava 0
@ s 0
. 4. Imperial Q
@ 5 Amber 0
14
@ 6 Melow 0
12
@ 7.Emerald 0
10
. 8. Sage 0
8
0 9. Brown 0
]
@ 10 Space ]
. 11. Mauve 6 -
. 2
@ 12 Carmine 14 -
u
® 13.Coa 0 a
@ 14 Bumblebee i]
@ 15 Paisly 0
@ 16 Femn 0
. Andere 1
16. Which of the following colors do you believe best portrays the following Fruit? (0 punt)
PEAR

* Respond to the question using your own interpretation when solely thinking of the fruit

* Choose one or two colors from the scheme

Meer details

@ 1. White 1
® 2 Maa 0

® s 0

@ - imperia g

@ 5. Amber 0 -

@ 6 Melow 5 :=

@ 7.Emersld 4 Ii

® & ssge 19 12

® 9.Brown 2 |f

@ 10.5pace 0

@ 11 Mauve 0 4

@ 12.Camine 0 i = I o II
® 13.Con 0

@ 14 Bumblebee 0

@ 15 Paisly 3

. 16. Fern ot
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17. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

APPLE

® Respeond to the guestion using your own interpretation when solely thinking of the fruit

® Choose one or two colors from the scheme

@ 1. White 0

® 2Maa 0

® i 0

@ 4 Impera 17

® 5. Amber 0 18

@ 5 Mellow 1 i

® 7.Emerald 1 -
2

. 8. Sage ] :;

@ 0.Erown 0 8

@ 10.Space 0 g

@ 11 Mauve 0 ;

@ 12.Camine 5 i HE I

@ 13.Cora 0

@ 14 Bumblebes 5

@ 15 Paisly 0

@ 16 Fem 3

18. Which of the following colors do you believe best portrays the following Fruit? (0 punt)

WATERMELON

® Respond to the question using your own interpretation when solely thinking of the fruit

® Choose one or two colors from the scheme

m
i
i
i
i

. 1. White 0
@ 2. Mava 0
® 31 0
@ 4 Imperia 21
@ 5 Amber 0 25
@ & Melow 0

20
. 7. Emerald 1
@ & Sage 2 15
@ 9.Brown 1

10
. 10. Space 0
@ 11 Mauve 0 5
@ 12. Carmine 0 5 -.ﬁ .
@® 13.Com 0
@ 14 Bumblebee 0
@ 15 Paisly 2

16. Fern 16

®
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19. Whic

PLU

Meer d

Figure C1.Co

h of the following colors do you believe best portrays the following Fruit? (0 punt)

M

Respond to the question using your own interpretation when solely thinking of the fruit
Choose one or two colors from the scheme

etails

@ 1. White 0

® 2 Mava 0

® s 0

@ < Imperial 1

@ 5. Amber 0 4

@ - Mellow 1 12

® 7 Emerald 0 10

@ 3 5age 0 8

® o 8rown 0 6

@ 10.5pace 14 i

@ 11 Mauve 7 : I
@ 12 Carmine 7 - H B
® 13 Cord 4

@ 14 Bumblebee 0

@ 15 Paisly 0

@ 16 Femn 0

=~ MO e vLa L . 4] MA Ew 1 s | &
10. Space 11. MAuve 12 Carvuing 1. Corfl 14, Buwmablebee 15, Pawslyy 1&. Fern

lor scheme (Repeat)
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Final Bachelor Project - Color and Fruit
assosciation g

O 5 min,
O Voluntary participation
O You may participate in the survey if you don't suffer from any form of color-blindness and live longer then 5 years

in the Netherlands

Hi! My name is Susan, and currently I'm working on my Final Bachelor Project at the TU/e. In this project, | am focussing
on the ecological issue of foodwaste in relation to human behaviour. Including in the research of my project, | looked
into how people unconsciously connect various types of fruits with particular colors. This short survey is intended to
measure just which fruit people think of when seeing a combination, or a single color visualized.

There are 19 multiple-choice questions regarding the colors that in your opinion best reflect various fruit products. If a
color you'd like to choose isn't in the color scheme, please choose the color that comes closest to what you had in mind.
Due to the ability to distinguish significantly between colors, a limited number is available for selection.

This form is fully anonymous, and thus no personal data will be collected. Also no information that can be used to
personally identify you will be shared with others. You can stop your participation at any time during the study, this will
have no consequences whatsoever. All research conducted at the Eindhoven University of Technology adheres to The
Netherlands Code of Conduct for Research Integrity and the Code of Scientific Conduct.

If you want more information about this study, the study design, or the results, you can contact [Susan Draaijer], contact
email: [s.h.m.l.draaijer@student.tue.nl]. If you have any complaints about this study, please contact the supervisor, [Daisy

Yoo] contact email: [d.yoo@tue.nl]. You can report irregularities related to scientific integrity to confidential advisors of
the TU/e.

Thank you in Advance!

Figure D1. Conent form + explenation experiment

1. | consent the data | voluntary and anonymously provide by filling out this form will be used by the ()
researcher. | understand | can exit the survey at any time, without submitting my answers punt)

Meer details

@ | consent 27

@ 1 don't consent 0

Figure D2. Given consent (anonymous)

2. | do not suffer from any form of colorblindness and live longer than 5 years in the Netherlands (0 punt)

Meer details

@ Correct 1

26
@ ot correct

Figure D3. Colorblindness, 26 Useful answers
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#include <Adafruit WeoPixel.h>

onst uintlé t Pi

Count =

nst uint8_t PixelPin = 5; GPIO3 = D5 for the D1 mini (espBIlé&a)
int which_led, color=1;

#define colorSaturation 225

Adafruit HeoPixel strip(Pi PixelPin, NEC

RB + NEC_KHZ300);

const hoo

=an serial active

nst uintd_t e_MinBrightness = 8;

const uint8_t ¢ MaxBrightness = Z55;

Irtagap (2] [13] = [ ‘05 Iy 2 3 9 Gpobp Ty By Spalyalpiagy
{25,24,23,22,21,20,158,18,17,14,15, 14,13},
{Z6,27,28,29,30,31,32,33, 34,35,36,37,38},
{51,50,49,48,47,46,45,44,43,42,41,40,39}};

gap 0..3 represent 4 gaps, every gap has 13 leds

i oty o v

id setup()

if (serial active)
{
Serial.begin(115200);

while (!Serial);

wait for serial attach

Serial.printin();
Serial.println("Initializing...");
Serial. flush();

Serial.println();

Serial.println("Running...");

(1=0; 1i<13; i++)

for (J=0; j<4; jt++)
‘olor(gap[31[4i], (0,0,00);

strip.setPix
strip.show();
delay(1000);

{
for (t=0; t<100; t++) lst strip glows up (light
{
for (i=13; i<=13; i++) strip.setP Color(gap[D] [i-1], dim(Z221,254,49,t*255/100));
strip.show();
delay(l0);
¥

delay(2000);

for (t=0; t<100; t++) lst strip glows up (yellow, light yellow)BANANA

1
for (i=12; i<=12; i++) strip.setPi lor(gap[0][i-1], dim(150,150,20,t*255/100));
strip.show();
delay(1l0);

;

ay (2000) ;

for (t=0; t<100; t++) lst strip glows up

ellow, light yellow)BANANA

for (i=11; i<=11; i++) strip.setP

or (gap[0][i-1], dim(150,150,20,t*Z55/100));

delay(Z000);

for (t=0; t<l00; t++)
{

lst strip glows up (yellow, light yellow)BANANA
for (i=10; i<=10; i++) strip.setPi
strip.show();

ay(10);

lor(gap[0][i-1], dim(150,150,20,t*255/100));

delay(2000);



Appendlx K Aduinocode

for (t=0; t<100; t++) // lst strip glows up
{

for (i=9; i<=9; i++) strip.setPixelColor(gap[0][i-1], dim(150,150,20,+t*255/100));

strip. show();

delay(10);

ellow, light yellow)BANANA

delay(2000);

for (t=0; £<100; t++) // lst strip glows up (yellow, light
{

for (1=8; 1<=8; 1++) strip.sstEi

“olor(gap[0][i-11, dim(150,150,20,%*255/100));
strip. show();
delay(10);

delay(2000);
for (t=0; +<100; t++) // lst strip glows up (

{
for (1=7; 1<=7; i++) strip.setPi

llow, light yellow)BANANA

lor{gap[0] [i-1], dim{150,150,20, t*255,/100));
strip. show();
delay(10);

delay(2000);

for (£=0; t£<100; t++) // lst strip glows up (yellow, light yellow)BANANA

1

for (i1=6; i<=6; i++) strip.setPi

or (gap[0][i-11, dim(150,150,20,£*255/100));
strip.show();

delay(10);

delay (2000);

for (t=0; +©<100; +t++) // Znd strip
{

) PEACH

for {45525 X5 :200dkt) mtriposetPd Color(gap[l] [i-1], dim(255,23,0,t*255/100));

for (i= 3; i€= 3; i++) strip.secrizelColos(gap[l][i-1], dim(255,94,5,£%255/100));
strip.show();

ay(10);

delay(4000);

for (t=0; t<100; t++) // Znd strip
1
for (i= 4; i<= 4; i++) strip.setPi Color(gap[1l] [1-1], dim(235,94,5,t*255/100));
strip.show();
delay(10);
1

delay (4000) ;

for (t=0; t<1l00; t++) // Znd strip glows up (red/crange)PEACH
{

for (i= 3; i<= 3; i++) strip.setPi olor{gap[l] [i-1], dim(Z255,23,0,t*Z55/100));

for (i= §; i<= 5; i++) strip.setPi Color{gap[l][i-1], dim(255,94,5,t*255/100));

strip. show();

delay(10);
}

delay(4000);

for (t=0; t<1l00; t++) // Znd strip glows up (red/orange)PEACH
1

for (i= &; i<= &; i++) strip.setPi or{gap[1] [i-1], dim(255,84,5,t*255/100));

strip.show();

delay(10);
}

delay(2500);

for (t=0; £<100; t++) // 2nd strip glows up (r
{

range) PEACH

for (i= 4; i<= 4; i++) strip.setPixelco

ori{gap[l] [1-1], dim(255,23,0,t*255/100));
strip. show();
delay(10);
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delay (4000);

for (t=100; +=0; t-) // lst strip ows down {(yellow, light yellow)BAl
{

for (i= &; i<=12; i++) strip.setPi or(gap[0] [i-1], dim(150,150,20,t*255/100));

for (i=13; i<=13; i++) strip.setPix or (gap[0][i-1], dim(2Z21,254,49,t*255/100));

strip.show();

delay(10);
3

delay (2000);

for (t=0; t<100; t++) // 1lst strip g
{

wn (light green)GRAPES WHITE

for (i= 9; 1<=11l; i++) strip.setPix
strip. show();
delay(10);

Color(gap[2][i-1], dim(180,255,0,t*255/100));

ay (80007 ;

for (t=100; t>0; t--) // 3rd strip glups down (red/orange)PEACH
{

for (i= 2; i<= 4; i++) strip.setPixe olor (gap[1] [1i-1], dim(Z255,23,0,t*255/100));

for (i= 5; i<= &; i++) strip.setP lor(gap[l][i-1], dim(Z255,94,5,t*255/100));

strip.s a();

delay(l0);
b

ay (1000);

for (t=0; t<100; t++) // 1st strip
{

ows up (red imperial) RASPBERRY

for (i= 1; 1<= 1; 1i++) strip.sctPixc

for (i= Z;

(gap[D][i-1], dim(50,6&,&,t*255/100));
r(gap[0][i-11, dim(50,6,&,t*255/100));

i<= 2

v ()

; it++) strip.sestPi
SEend s

delay(10);

delay(8000);
for (t=0; t<100; t++) // 1lst strip glows up (orang TANGERTNE
{
for (i= 7; i<= 10; i++) strip.setPi lor(gap[1] [1-1], dim(2553,94,5,t*255/100));
wi);
delay(10);

strip. sho

delay (8000);

for (t=100; t>0; t--) // lst strip
{
for (i= 9; i<=11; i++) strip.sctpPi

glows down (light green)GRAPES WHITE

color (gap[2]1[i-11, dim(180,255,0,t*255/100));
strip.show();
delay(10);

delay(8000);

for (t=0; t<100; t++) /4 lst strip glows down (red,
{
for (i= 1; i1<= 5; i++) strip.sstPL

for (i= 6; i<= 7; i++) strip.setP

en) WATERMELCN

or (gap[3] [i-1], dim(255,6,8,t*255/100));
(gap[3][i-1], dim(134,255,0,t*255/100));

strip. show();
delay(10);

delay(1000);

for (t=100; t»0; t--) /4 1st strip g

ows up (imperial red) RASPBERRY

(1= 1; i<= Z; i++) strip.sstPixs origap[0][1i-1], dim(50,6,6,+*255/100));

r(gap[l] [1i-1], dim(Z55,94,5,t*255/100));

(i= 7; i<= 10; it++) strip.setP
strip. show();
delay(10);

delay(&000);
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for (t=0; t=<100; t++) // Znd strip glows up (light green, mellow)FEAR

lor(gap[l] [i-1], dim(134,255,0,+t*255/100));
or{gap[1][i-1], dim(221,754,49,+t*255/100});

(i= 2; i<= 4; i++) strip.setPi

(i= 5; i<=6; i++) strip.setP
strip.show();
delay(10);

delay(5000);

for (t=100; t>0; t--) // lst strip glows down (red, green)WATERMELON
{

i= 1; i<= 5; i++) strip.sctPixelColor (gap[3][i-1], dim(Z255,6,8,+t*255/100));

lor(gap[3]1[i-1], dim(134,255,0,t*255/100));

for (i= G; i<= 7; i++) strip.sstPi
strip. show();
delay(10);

delay(4000);

for (t=0; t<100; t++) // 1st strip glows up (purple,blues) BLUEBERRY

for (i= 1; i<= 1; i++) strip.setpi r (gap[0] [i-1], dim(14,0,37,t*155/100));

or (gap[0] [i-1], dim(21,ZZ,37,t*255/100));

2; i++) strip.setP

delay(10);

delay(4000);

for (t=100; t=0; t--) // Z2nd strip g wn (light green, mellow)EPEAR
{

for (i= Z; i<= 4; i++) strip.setP

for (i= 5; i<=6; i++) strip.setPixe

lor (gap[l][i-1], dim(134,255,0,t*255/100));
olor (gap[1] [1-1], dim(221,254,49,t*255/100));
strip. show():

delay(10);

delay(4000);

for (t=0; t<100; t++) // lst strip glows up reen, yellow) PINNEAFLE
{
for (i= 9; i<= 9; i++) strip.setPixelcaolor(gap[3][i-1], dim(90,200,0,+t*255/100));
for (i= 10; i<= 13; i++) strip.setP 10 or{gap[3][i-1], dim(Z55,255,0,t*255/100));
strip.show();
delay(10);
b
delay(5000);
for (t=100; +>0; t--) // lst strip glows up (purple,blus) ELUEEERRY
{
i<= 1; i++) strip. - {gdp [0] 141, dimi(148, 0,37, £*155/100%)::
e i++) strip.se or(gap[0] [1-1], dim(Z21,Z22,37,t*255/100));
O:
delay(10);
}
for (t=100; t=0; t--) // 1lst strip glows up (green, yellow) EINNEAPLE
1

for (i= 9; i<= 9; i++) strip.setPis
for (i= 10; i<= 13; i++) strip.setPi

Color (gap[3] [i-1], dim(90,200,0,+t*255/100});
cr{gap[3][i-1], dim(Z55,255,0,t*255/100));
strip. show();

delay(10);

delay(3500);

n[0-255] blue[0-255], dimlevel[0-255]

uint3Z_t dim(short r, short g, short b, short d)

[

r = short{d*r/255);
g = short(d*g/255);
b = short(d*b/255);

uint3Z_ t a=0;

a=a+r << 8;
a=a+ g << B8;
a=a+ hb;

return a;
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Q

Opfimal consumplion

Figure F1. Main poster
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RECOGNIZING FRUIT

Through size in perspective

Melon

Peach
Orange
Lemon
Pear
Apple
Plum

Pinneaple
Mango
Grapes (W)
Grapes (D)
Kiwi
Tangerine

Banana

*Visualized fruits have been part of the research survey

Figure F2. Small poster 'Recognizing fruit through size in perspective’

COLOR AND FRUIT

ASSOSciation

RESEARCH
SURVEY

Investigate which
color combinations
are assosciated with
specific fruit types.

RECOGNITION

Once a fruitis starting its
riping process, a section
of one single rectangu-
lar piece of glass will
light up in correspond-
ing colors obtained from
the research survey

Figure F3. Small poster ‘Color and fruit assosciation’

RIPE

Over time, the rectangu-
lar piece of glass will fill
with light  Once the
glass is completely
colored, this is an
indication the fruitis atits
peek of riping and thus
optimal for consump-
tion

OVER-RIPE

In the over-riping process
of the fruit, a color shift in
the rectangular piece of
glass will happen
according to the change
in sweetness. This color
shift is based on the
taste-color research  of
Spence et al
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Figure G3. Top, middle aﬁd grond base clean wood look

—
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Figure G7. Rehearsal demoday top view Figure G8. Raspberry + grape  Figure G9. Tangerine + b

Figure G13. Gluing tabs



