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TECHNOLOGY ACCEPTANCE OF 3D FOOD PRINTERS AND 3D
PRINTED FOOD IN DOMESTIC ENVIRONMENTS

SUMMARY

The acceptability of new technologies and new products by users is a popular research
topic. In this research, technology acceptance of food printing will be investigated in
food and appliance dimensions. Unlike the existing studies on this technology, it also
looks at 3D food printing technology from a design perspective and examines the
relationship between food design and 3D food printing under two main dimensions:
design of food and appliance. This technology makes possible to produce food in
designs that are difficult to achieve by using traditional methods. Studies show that the
appearance and texture of the food has an impact on the user's decision to consume a
food. In 3d food printer design, there are many factors that will affect the expectations
of the users and the decision of use for a appliance that will be placed in the kitchen
and to be used in producing food.

Under the headings of food and appliance design, the design of the service required to
present this technology to the user and the design of the interfaces where the users will
make the necessary settings and modeling to get output from this product are also
included in this relationship. Food printing requires some digital platforms and systems
that require human interaction. It is necessary to select the dish, define the recipe and
design if necessary, and adapt the data to the printer or obtain the model and print
settings from online platforms. Another issue is service design, which is an important
part of the usability and accessibility of a food print. The user's ability to install, use
and access the hardware and software should be considered as an experience design.
Work should be done on the provision of content and the provision of reliable content.

3D food printers offer a new food production method for use both at home and in food
companies or small businesses, thanks to the developments in today's 3D printing
technology. It allows consumers to produce personalized products at home. 3D
printing can bring culinary arts and non-professional food manufacturers closer
together. In the future, this technology will enable everyone to access every recipe and
easily produce that dish at home whenever they want. In addition, the user can reach
the food that is free from harmful ingredients and has the nutritional values they need.

3D food printers in their current form have barriers such as shelf life, lack of official
regulations, constraints of usable materials and the need for processes such as cooking
and freezing after printing process. Although it is frequently used in areas such as
chocolate printing and cake decoration to create presentation and interesting forms, it
is thought that it will change food production methods and become widespread in the
future with its potential benefits such as personalized food and new food sources.
Vegan meat production will be a solution to problems such as carbon footprint,
depletion of natural resources and quality of life of animals. Alternative protein
sources such as insects and algae are thought to offer a solution for users with limited
access to food. In addition, it provides both ease of chewing and interesting
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presentation opportunities for patients and children with eating difficulties. Finally, it
is studied to meet the nutritional value needs of the body by customizing the
ingredients with personalized foods. The impact of this technology on people and
whether humanity is ready to use this technology at home is an issue that needs to be
discussed.

Various models have been put forward to investigate the degree of impact of factors
on behavioral intention of users in the adoption phase of new technologies. This study,
was carried out on the acceptability of 3D food printing technology in the home kitchen
environment by making use of the Unified Technology Acceptance and Use Theory
(UTAUT), which is one of the technology acceptance research methods and frequently
used. In this research, the quantitative research carried out with a survey using the
mixed method was supported by the interview with the volunteers of the survey
participants. For this research, the dimensions of model were chosen as facilitating
conditions, social influence, effort expectancy, performance expectancy, hedonistic
motivation, trust, behavioral intention. With the video prepared, brief information was
given about the potential benefits of technology, the food production process and the
food produced. The relationships between dimensions on method were examined and
analyzed. An online interview was conducted with participants who voluntarily shared
their e-mail addresses in the survey, both their current habits, where they saw this
technology in the future, their expectations and opinions were learned.

In the analysis phase, data was transcript and categorized under the determined
dimensions. The graphs in the survey results and the interview outputs were compared
and the hypotheses and research questions were evaluated with the findings.
Participants stated that their social circles may express different views on the use of
this appliance and the consumption of printed foods. It was stated that although they
will receive both positive and negative feedback, neither situation will affect the
participant's decision to purchase and use this product. Regarding the efficiency
expectation, some of the participants thought that this product would save them time.
However, there is an opinion that experience will affect this view and that
technological capability will be effective in terms of time and effort. Efficiency can
vary depending on how technology is applied, how it is presented to the user, and the
design of the product, interfaces, supply system. The participants said that the
appliance should add practicality and time to their lives, but they can decide to buy it
when they need and they would like to try printed food in a restaurant before buying.

Some of the users think that their budget will not be enough to buy the appliance when
it is released. However, survey and interview results show that consuming a designed
food and its customizability attracts attention. Another point that the participants
highlighted is the importance of the taste of the food. No matter how good the form is,
there were users who stated that they would not continue to use it if they did not like
taste or texture of the food.

In the future, a study can be carried out by testing the food to the participants. Thus,
more clear data will be obtained on the acceptability of the consumed food in terms of
visual quality, taste, and form. In addition, a new study can be conducted to learn the
perspectives of users on meat supply with new methods. With a study in which the
acceptability of the appliance will be examined by the users, the expectations and
needs of the users from this product to be placed in the kitchen can be studied. The
aim of this thesis is to define the factors affecting the user acceptance of 3D food
printing technology in the home environment. The results are valuable for a theoretical
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scope that contributes to further research in this technology rather than the design
practice of a device. A product and service design can be studied based on the outputs
of this study by conducting new research on this technology with designers. However,
3D food printer design requires a multidisciplinary study. It's not just about designing
a 3D food printer, it's more about designing the system in which people buy and enjoy
this technology and food, considering the environment, human interactions, tangible
factors, and output.
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3BOYUTLU GIDA YAZICI VE 3 BOYUTLU BASKI ALINMIS GIDALARIN
EV ORTAMINDA TEKNOLOJi KABULU

OZET

Yeni teknolojilerin ve yeni iiriinlerin kullanicilar tarafindan kabul edilebilirligi poptler
bir aragtirma konusudur. Bu aragtirmada 3 Boyutlu (3B) baski1 teknolojilerden biri olan
gida baskisinin kullanicilar tarafindan ev ortami i¢in kabul edilebilirligini etkileyen
faktorler ve iligkileri, potansiyel kullanicilarin bu teknoloji ve gelecegi hakkinda
diisiinceleri ele alimustir. Bu teknolojiyle ilgili mevcut calismalardan farkl olarak 3B
gida baski teknolojisine de tasarim perspektifinden bakilmaktadir. Bu arastirma gida
tasarimi ile 3B gida baskisinin arasindaki iligkiyi inceler. Bu teknoloji sayesinde
yiyecekler geleneksel yontemlerle {iiretilmesi zor olan tasarimlara sahip sekilde
uretilebilir. Bu tasarim firetici kisinin el yetenegi ve deneyiminden bagimsiz oldugu ve
hata pay1 diisiik oldugu icin ayni sekilde bir¢ok iiriin ¢ikarilmasini miimkiin kilar.
Gidanin goriiniimii ve dokusu kullanicinin tiilketme karari iizerinde etkilidir. Uriin
tasarimi1 konusunda ise mutfakta yerlesecek bir {iriin i¢in kullanicilarin beklentileri ve
kullanma kararin1 etkileyecek bir¢ok faktor vardir. Bu nedenle tasarim bakis agisiyla
yazicinin ve gidanin kabul edilebilirligi bu arastirma igin iki ana kesisim noktasi olarak
belirlenmistir.

Gida ve cihazin tasarimi basliklari altinda bu teknolojinin kullaniciya sunulmasi i¢in
gerekli olan servisin tasarimi ve kullanicilarin bu {irtinden ¢ikt1 almak i¢in gerekli
ayarlart ve modellemeyi yapacaklar1 arayizlerin tasarimi da bu iliskiye dahil
edilmigtir. Gida baskisi, insan bilgisayar etkilesimi i¢in iyi bir 6rnektir. Gida baskisi,
insan etkilesimi gerektiren bazi dijital platformlar ve sistemler gerektirir. Yemegin
secilmesi, gerekirse tarif ve tasarimin tanimlanmasi ve verilerin yaziciya uygun hale
getirilmesi gerekmektedir. Bir diger yontem olarak ¢evrimici platformlardan model ve
bask1 ayarlar1 temin edilmeli ve bu bilgiler istenildigi zaman yazictya aktarilmalidir.
Bir diger konu da bu sistemi tasarlamaktir. Servis tasarimi, bir gida baskisinin
kullanilabilirliginin ve erisilebilirliginin 6nemli bir pargasidir. Kullanicinin donanim
ve yazilimi kurabilmesi, kullanabilmesi, igeriklere ulasabilmesi gibi pek ¢ok konu,
teknolojinin gelisiminden bagimsiz olarak deneyim tasarimi olarak ele alinmalidir.
Iceriklerin hazirlanmas1 veya temin edilmesi gerekmektedir. Belirli bir akiskanliga
sahip olmas1 gereken bu igeriklerin evde hazirlanmasi kullanicilar1 zorlayabilir.
Bunlarin temini konusunda hem iyi isleyen bir zincir hem de giivenilir ve saglikli
iceriklerin saglanmasi konusunda galisiimalidir.

20. yiizyilin sonunda tasarimcilar, gerekli basarili ¢dziimler tiretmek i¢in davraniglari
incelemenin ve insanlar siirece dahil etmenin 6nemini anladilar. Bu bakis agisiyla
olusturulan kullanic1 merkezli tasarim, daha ¢ok insan ve nesne arasindaki etkilesimle
ilgili olmaya basladi. Bu bakis agisiyla, gereken yalnizca 3B gida yazicisi tasarlamak
degil, daha ¢ok insanlarin bu teknolojiyi ve yemegi satin aldig1 ve zevk aldigi durumu
cevresi, insan etkilesimleri, somut faktorler ve ¢ikti gbz ©énunde bulundurarak
tasarlamaktir.
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3B gida yazicilari, giiniimiiz 3B baski teknolojisindeki gelismeler sayesinde hem evde
hem de gida firmalar1 veya kiiciik isletmelerde kullanmak igin yeni bir gida iiretim
yontemi sunmaktadir. Kullanicilar iiretici-tiiketiciler olarak tanimlayan "prosumer"
terimi kullanicilarin  kamera, yazict ve tarayict gibi teknolojileri kullanmaya
baslamasiyla daha da degerli ve popiiler hale gelmistir. Ornegin, 3B yazicilara yatirim
yapmak, tuketicilerin evde kisisellestirilmis, ihtiyacina yonelik Urtnler elde etmesine
olanak tanir. 3B gida baskist da, mutfak sanatlar1 ile profesyonel olmayan gida
tireticilerini birbirine yaklastirabilir. Gelecekte bu teknoloji herkesin her tarife
ulasmasimi1 ve diledigi zaman evinde o yemegin c¢iktisin1 alarak kolaylikla
Uretebilmesini saglayabilir. Ayrica kullanici, zararl i¢eriklerden arindirilmus, ihtiyaci
olan besin degerlerine sahip yiyecege istedigi sekilde ve yerde ulasabilir.

Bu teknolojinin gelecekte gida iiretimiyle birlikte gerekli besinlere ulasim yollari,
pisirme aligkanliklar1 ve gida tiiketimi tizerine yeni deneyimler getirmesi bekleniyor.
3B gida yazicilarinin su anki haliyle igerigin raf dmri, resmi diizenlemelerde eksiklik,
kullanilabilir malzemelerin kisitlar1 ve yazicidan g¢iktiktan sonra pisirme, dondurma
gibi islemlere gerek duyulmasi gibi bariyerleri vardir. Ancak yapilan ¢alismalarla bu
teknoloji her gegen giin daha da gelismektedir. Gliniimiizde sik¢a sunum ve ilgi ¢ekici
formlar olusturmak i¢in ¢ikolata baskisi ve pasta siisleme gibi alanlarda kullanilsa da
kisisellestirilmis gida, yeni besin kaynaklar1 gibi potansiyel faydalariyla gelecekte gida
iiretim yontemlerini olduk¢a degistirecegi ve yayginlasacagi diistintilmektedir. Vegan
et Uiretimi, biyobaski teknikleriyle et sektoriinlin yol actigi karbon ayak izi, dogal
kaynaklarin tiikenmesi gibi problemlere ve hayvanlarin yasam kalitesi sorunlarina
¢oziim olabilecektir. Bocekler, algler gibi alternatif protein kaynaklari besinlere
ulagimi kisitli olan kullanicilar i¢in ve belki de gelecekte dogal kaynak sorunlarinin
artmasiyla tiim insanlar i¢in bir ¢6zliim sunabilecegi diisliniilmektedir. Ayrica yeme
glicliigli yasayan hastalar ve cocuklar i¢cin hem cigneme kolayligi hem ilgi cekici
sunum olanaklar1 saglar. Kisisellestirilmis gidalarla igeriklerin ozellestirilmesiyle
viicudun besin degeri ihtiyaglarinin kisiye 6zel karsilanmasi iizerine c¢alisilmaktadir.
Bu teknolojinin insanlar Gizerindeki etkisi ve insanligin evde bu teknolojiyi kullanmaya
hazir olup olmadigi ise tartisilmas1 gereken bir konudur.

Yeni teknolojileri kabullenme asamasinda kullanicilar igin bariyerlerin ve destekleyici
faktorlerin etki derecelerini arastirmak igin ¢esitli modeller ortaya konmustur.
Teknoloji kabul modelleri; amag, kapsam gibi oOzellesmelerle gelistirilmis ve
arastirmacilar tarafindan versiyonlar iretilerek yillardir kullanilmistir. Teknoloji
kabullenme arastirma yontemlerinden biri olan ve siklikla basvurulan Birlesik
Teknoloji Kabul ve Kullanim Teorisi (UTAUT) modelinden faydalanilarak bu
arastirmada 3B gida baskis1 teknolojisinin ev mutfagi ortaminda kabul edilebilirligi
iizerine bir calisma gergeklestirildi. Bu arastirmada karma metod kullanilarak anket ile
gerceklestirilen kantitatif aragtirma, anket katilimcilarindan goniillii olanlarla
gerceklestirilen roportaj ile desteklenmistir. Her iki yontem de online olarak
yuriitiilmiistiir. Bu arastirma igin Kategoriler kolaylastiric1 kosullar, sosyal etki, efor
beklentisi, performans beklentisi, duygusal motivasyon, giiven, davranigsal niyet
olarak secilmistir. Bu kategorilere gére hazirlanmis sorularla 6nce online yiiriitiilen bir
ankette katilimcilarin ileriye yonelik goriisleri alinmig, bakis agilari incelenmistir. 129
katilimciya ulasilan bu arastirmada agik uclu ve ¢oktan segmeli sorularla katilimcilarin
demografik bilgileri, teknolojiyle iliskileri ve mutfak deneyimlerine dair bilgiler
edinilmistir. Hazirlanan video ile teknolojinin potansiyel faydalari, gida liretim stireci
ve baski alinan gida ile ilgili kisaca bilgilendirme yapilmistir. Ardindan Likert 6lcegi
kullanilarak belirlenen faktorlere gore gruplandirilmig sorularla derinlemesine
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goriisme gerceklestirilmistir. Bu faktorler arasindaki iliskiler incelenerek analiz
edilmistir. Bu teknoloji hakkinda tasarim agisindan yazilmig genis bir literatiir
bulunmamaktadir. Bu nedenle, konu bir tasarimci goziiyle ele alinarak, tasarim
stirecindeki gereksinimleri belirlemek igin teknolojinin kabul edilebilirligi tizerine
arastirma modellerinin kullanim1 incelenmistir. Anket ¢alismasinda gonulli olarak e-
posta adresini paylagan 10 katilimciyla ¢evrimici bir derinlemesine gériisme yapilmis
daha detayli sekilde hem su anki aligkanliklar1 iizerine goriisiilmiis hem de bu
teknolojiyi gelecekte nerede gordukleri, beklentileri ve goriisleri 6grenilmistir.

Analiz asamasinda da belirlenen kategoriler altinda gruplama yapilmigtir. Anket
sonuclarindaki  grafiklerle Excel dokiimanmna aktarilan roportaj ¢iktilari
karsilastirilmis ve hipotezler ve arastirma sorulari bulgularla degerlendirilmistir.
Katilimcilar, bu cihazin kullanimi ve basili gidalarin tiikketimi konusunda sosyal
cevrelerinin farkli goriisler ifade edebilecegini belirtmislerdir. Hem olumlu hem de
olumsuz geri bildirim alacak olsalar da her iki durumun da katilimcinin bu iiriinii satin
alma ve kullanma kararmi etkilemeyecegi belirtildi. Verimlilik beklentisi ile ilgili
olarak, katilimcilarin bir kismi bu {iriiniin kendilerine zaman kazandiracagini
diisindiiler. Ancak tecriibenin bu goriisii etkileyecegi, teknolojik kabiliyetin zaman ve
emek acisindan etkili olacagi yoniinde bir gorlis hakimdir. Verimlilik, teknolojinin
nasil uygulandigina, kullanictya nasil sunulduguna ve {irliniin tasarimina, arayizlere,
tedarik sistemine bagli olarak degisebilir. Katilimcilar cihazin hayatlaria pratiklik ve
zaman kazandirmasi gerektigini, ancak ihtiya¢ duyduklarinda bu cihazi satin almaya
karar verebileceklerini ve evlerine almadan Once bir restoranda denemek
isteyeceklerini soyledi. Bazi kullanicilar bir bagkasinin evinde denemenin ya da
kullanan birinden olumlu yorumlar duymanin etkili olacagini ifade ettiler. Bazi
kullanicilar ise yemek yapma deneyimini terapi olarak tanimlayip rahatlatict ve
severek yaptiklar1 bir aktivite oldugunu belirtti. Ancak bu teknolojik iiriinii yardimci
bir mutfak aleti olarak kullanabileceklerini ve tiim siireci onun gergeklestirmesini
istemeyeceklerini sdylediler. Kullanicilarin bir kismi cihazin piyasaya ciktiginda
biitgelerinin satin almaya yetmeyecegini diislinerek ancak yaygimlasip fiyati
diistiigiinde edinebilecegini sOyledi. Profesyonel bakis agisinindan degerlendiren bir
diyetisyen katilimci ise bu teknolojinin kendisi i¢in ev kullanimini siisleme amacgh
goriirken hastane gibi ortamlarda hasta ve 6zel ihtiyaci olan kullanicilar i¢in faydal
olacagini ifade etti. Kisisellestirilmis gida katilimcilarin dikkatini ¢ektigi ve bu 6zelligi
eglence araci olarak gordukleri sdylenebilir. Anket ve roportaj sonuglar gosteriyor ki
tasarlanmig bir giday1 tilketmek ve Ozellestirilebilir olmasi ilgi cekici bulunuyor.
Katilimcilarin 6zellikler belirttigi bir diger nokta ise gidanin tadinin énemi. Formu ne
kadar iyi olursa olsun tadini sevmediginde kullanmaya devam etmeyecegini belirten
kullanicilar oldu. Katilimcilarin sdylemlerinde bu cihazla iiretilen gidanin tadi ve
formuna dair endiseleri 6n plandaydi. Gliven konusunda katilimeilar bu cihazin hata
yapmadan dogru c¢alisacagini ve tasarlanmig yiyecegi basmak konusunda giiclii
olacagini diisiinse de igeriklerin yapildigi malzemeler, iiretim sekli, saklama kosullar
ve onlara ulagsmak gibi kaygilar1 vardir. Ambalajli gidalarin tiiketiminin artmasi, dogal
iiriinlere ulagimin zorlagsmasi ve bilginin yayilmasinin kolaylagmasiyla kullanicilarin
yediklerinin kalitesiyle ilgili farkindaliklari artmigtir. GUvenilir ve saglikli gidaya olan
talep bu {iriiniin kullanicilar1 i¢in de 6nemli olacaktir.

Ileride 3B gida baskis1 ydntemiyle iiretilen yiyecekler katilimcilara denetilerek bir
calisma gerceklestirilebilir. Boylece tiiketilen gidanin gorsel kalite, tat ve form
acisindan kabul edilebilirligi konusunda daha net veriler elde edilecektir. Ayrica et
basimi ve alternatif protein kaynaklar1 basli bagina incelenmesi gereken yeniliklerdir
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ve kullanicilarin yeni yontemlerle et temini konusunda bakis agilarin1 6grenmek i¢in
caligmalar yapilabilir.

Bu arastirmadaki iki ana arastirma alanindan biri olan cihazin kullanicilar tarafindan
kabul edilebilirliginin incelenecegi bir calisma ile de mutfakta yer alacak bu iirlinden
kullanicilarin beklentileri ve ihtiyaglari tizerine ¢alisilabilir. Bu tez calismasinin amaci,
ev ortaminda 3D gida baski teknolojisinin kullanici kabuliinii etkileyen faktorleri
tanimlamaktir. Sonuglar, bu teknolojide bir cihazin tasarim pratiginden ziyade daha
fazla arastirmaya katkida bulunan teorik bir kapsam agisindan degerlidir. Bu teknoloji
lizerine tasarimcilarla yeni arastirmalar yapilarak bu ¢alismanin ¢iktilarma dayali
olarak bir {iriin ve hizmet tasarimi calisilabilir. Ancak 3B gida yazicisi tasarimi ¢ok
disiplinli bir calisma gerektirmektedir.
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1. INTRODUCTION

This chapter explains the background of the study, purpose of the thesis, scope of the
thesis and finally the structure of the thesis. These will be clarified step by step in the

following sections.

1.1 Background of the Thesis

This thesis focuses on the acceptance of technology in two aspects, the acceptability
of the appliance and the acceptability of consumption of the food produced in the
appliance. Although there are studies investigating 3D food printing (3DFP) in terms
of marketing, mechanical, technological and food engineering, there are limited
studies in the design domain. When we associate this technology with food design, it
overlaps in appliance design and food design. 3D food printing technology has the
potential to bring users together with the design experience as it allows the user to
design their own food. In addition, although printing designs shared with open sources
is a common method for the environment using 3D printers, it will provide a new
experience for many users who are familiar with 3D food printers. Food is an item that
is specialized in many cultures with traditional flavors and materials used, and passed
down from generation to generation together with cooking, preparation and
presentation methods. In addition, in many cultures food is valued as a socializing
medium. It can be difficult for users to accept the changes that will come into their
lives in an area that has such a place in the culture and where the habits are settled fast.
However, needs and changes continue to trigger developments in the field of food. For
example, although the microwave oven has not been accepted by some people for a

long time because people believed that it emits radiation, it is widely used today.

3D printer technology started with research and development (R&D) studies and
became widespread with the development of technology and the increase in usage
areas. There are 3D printing hubs where the model sent from plastic parts is output. In
addition, it has started to gain a place in the home and office of many end users.

Students, workshop workers, prototype makers, designers and users with special



interests in many different fields print at their homes. This situation both introduced
the open kitchen to the users who use the model library and contributed to the
development of this sector, and also brought together the relevant computer
applications and modeling programs with various users. One of the usage areas,
building/construction technology, is developing gradually and it is thought that new

cities will be built with this technology in the future.

Its use in the food industry is not common today. It is seen to be used in very few
restaurants and in the future works of some companies such as Barilla which makes
pasta in various designs. In addition, it is used in chocolate and decoration areas for
reasons such as cake decoration, brand promotion at fairs and events. It also appears
at technology fairs. The 3D food printer conference, which will be held for the 9th time
in 2022, attended by specialists/founders of leading brands from this sector and also
university members who study on related topics. It is an international event where talks
and conversations are held on topics such as the developments in technology, contents,
business model, customization/ co-creation, on-demand and on-the-go production,
flexibility, patent / legal and regulatory issues, investment opportunities. In the website
of the conference they (3D food printing conference n.d.) state that much research is
required to change the hype into reality. They are searching for the answer to these
questions: “Which industries will be influenced by technology? Which food
components can be printed in the near future? And which aspects should be taken into

account to ensure safety and maintainability of 3D printed food?”

While 3D food printing technology is developing on the one hand, there is a growing
need for meat production and consuming meat without killing animals and harming
nature. Awareness on this issue has increased in recent years.As environmental
problems such as global warming progress, the answer to the question of how to protect
nature is sought. Different methods are being studied to reduce the consumption of
animal foods and meat. It is aimed to reproduce meat tissue from animal cells in the
laboratory environment and to produce meat with loyal ingredients or to reduce the
breeding and consumption of cattle and small cattle with a high carbon footprint and
high incidence of water consumption by directing them to different protein sources
such as insects. Vegan hamburgers from big brands such as McDonalds have hit the
market in many countries. The 3D food printer is a candidate to become one of the

products that will become widespread following these developments.



3D food printers are going through a period of comparison with various kitchen tools
and trying to position them in the market. For example, a piping bag and 3D food
printer were compared. It is said that they are used in similar functions in areas such
as chocolate and cookie decoration, but if they are made by hand, they require a serious
skill. In addition, the printer can ensure that all these cookie decorations are the same.

In this case, the possibility of human error is reduced.

1.2 Purpose of the Thesis

The aim of this study is to contribute to the relationship between 3D food printer
technology and design by defining a framework by analyzing the factors affecting the
acceptance of new products in the home environment. To achieve this, customers'
perspectives on new technologies and new foods are examined here. In addition, the
effect of its relationship with food design on acceptability will be investigated. In

conclusion, the main research question of this study is as follows:

» What are the factors affecting the acceptance of 3DFP technology (printer and food)

by the user in the domestic environment?

With this study, it is aimed to examine the effects of potential users' performance and
effort expectation regarding this technology, social impact, facilitating conditions,
trust and hedonic motivation on individuals' behavioral intentions to use 3D food
printers in their home environment by utilizing the dimensions of the UTAUT2
research model. The relationships between these factors will be examined and
analyzed. There is not a large literature on this technology written from a design point
of view. For this reason, the use of research models on the acceptability of technology
will be examined to determine the requirements in the design process for a new

technology, by considering the issue from a designer's point of view.

Understanding and predicting how new technologies will be received by potential
users is an important issue for designers and other stakeholders of the process, such as
product managers, during product development, during the planning of processes and
during the design activity. In order to be involved in users' lives, it is essential to
understand both the users’ mindsets and the context of their activity. Various methods
have been developed to understand users' needs, with techniques drawn, for example,

from ethnography (Beyer & Holtzblatt, 1999), dramaturgy and theater (Svanaes &



Seland, 2004), and survey-based quantitative research. TAM is one of these research
methods. Although these methods are not suitable for use in the design process without
any adaptation, the designer makes use of these methods and adapts them according to
their own processes. Although research methods regarding the acceptability of
technology are not used to create a brief for the designer, the results can be used as
support for a designer. Davis et al. (1989, p. 1000) originally envisioned that TAM
could be used in the early stages of product design, it was eventually found that the

concepts presented could not guide the design but could only be used to justify it.

1.3 Structure of the Thesis

There are five main chapters in this thesis. Figure 1.1 shows the diagram of the thesis
structure. Chapter 1 consists of the background of this study which explains the current

situation and aim of the study.

Chapters Content
Chapter 1 Introduction
Literature

| Review

—

Chapter 2
e 3D Food Food Design & ATGCh?OIOgy ¢
Printing 3D Food ceeptance 0
- 3D Food
Technology Printing -
Printing
Chapter 3 Data Collection and Analysis
Findings
Behavioral Social Effort Trust
Intention Influence Expectancy
Chapter 4
Performance Henonistic Facilitating
Expectancy Motivation Conditions
Chapter 5 Conclusion

Figure 1.1 : Diagram of the thesis structure.




Chapter 2 is a review of related literature. It is focused on three literatures: 3D food
printing technology, food design and 3D food printing and lastly technology

acceptance of 3D food printing.

In the first part, 3D food printing technology will be defined and connection of 3D
printing and 3d food printing will be explained. In the second part, 3D food printing
will be associated with food design. In the third part, technology acceptance models in

literature will be revealed.

As Chapter 3 data collection method and analysis of the results will be presented.

Chapter 4 reveals the findings in categories.

In the last chapter, findings will be evaluated and conclusion of the study will
presented. It also consists of the limitations of this study and recommendations for

further studies.






2. LITERATURE REVIEW

There are three sections to address 3DFP in the literature review part. The first section
focuses on technological features of 3DFP. It is correlated and compared with 3D
printing. How and why it emerged is explained. Then its advantages and potential
value of this technology on users' lives will be explained with examples of studies. In
addition, limitations of this technology in current time, potential frictions are
mentioned. For 3D printing and food printing material is a significant factor which
determines the quality of printing and more importantly the printing method. For this
reason material requirements of 3DFP are revealed in general terms. Then, predictions
on the future way of 3DFP technology is revealed. The second section is on food
design and food printing relationship. It is figured out in two perspectives which are
design of food and design of printer. The last section is about technology acceptance

methods which are practiced carrying through this research.

2.1 3D Food Printing Technology

According to Derossi et al. (2021) the bibliography of 3DFP is getting large and the
reviews which delineate the features of 3DFP. Although it is seen that in their analysis
the majority of the papers have been published under ‘engineering’, ‘agricultural and
biological science’, 'computer science' areas. Categories which studies concentrate on
in the last years can be listed as effects of variables to print (Derossi, Caporizzi, Ricci,
& Severini, 2018; Perez, Nykvist, Brogger, Larsen, & Falkeborg, 2019), the
printability of food (Liu, Zhang, Bhandari, & Yang, 2018; Tian et al., 2021) printing
behavior of food materials (Kuo, Qin, Cheng, Jiang, & Shi, 2021; Gholamipour-
Shirazi, Norton, & Mills, 2019), 3D structures to get texture properties (Derossi,
Caporizzi, Paolillo, & Severini, 2021) and 4D printing (Phuhongsung, Zhang, &
Bhandari, 2020; He, Zhang, & Fang, 2020).

Computer science studies on 3DFP is that some current models of 3D food printers
have ready to print recipes and models in their software and present a modeling

program which allows the user to design their own models on their smart devices (e.g.,



phones, computers). The most common models in the market today have FDM
technology. In these types of printers, the content is held in syringes and transferred
layer by layer onto a surface by flowing through a nozzle, to form the food as designed.
In this way, a variety of dishes of different shapes and colors can be obtained by
processing the food content on top of each other. In the next parts, detailed information

about 3DFP techniques and features.

2.1.1 3D printing & 3D food printing

The potential of designing complex structures with customized properties such as
desired shape and dimension of 3D printers is seen as the main reason for success in
industrial sectors and growing interest in many scientific fields. As Derossi et al.
(2021) explained, while the first application of 3D printing has been rapid prototyping,
its usage currently occurs in pharmaceutical, regenerative medicine, biomedical
implants, bioengineering, construction, etc. Moreover, after the implementation with
thermoplastic materials, the printing of metal, clothing, glass, concrete, etc., have

become popular (Derossi et al., 2021).

The idea of adapting 3D printing technology to food production has emerged with the
use of foodstuffs which can be used as raw material after the emergence of 3D printer
technology in the field of materials science, which can provide the required flowability
to print (Godoi et al., 2016). The first experiments in this area were made with 2-
dimensional food such as biscuit and cake decorations. In these experiments, sugar,
water, and chocolate were used because of their structural advantages and modeled on
the surface of the food (Sun et al., 2015; Pallottino et al., 2016). The first 3D food
printer prototype, which can be developed in terms of modeling and simulation, was
introduced in 2007 by Cornell University under the name of Fab@Home Model 1
(Malone ve Lipson, 2007). Later on, other studies have been conducted with the
inclusion of big companies in the food industry, R&D activities in the universities and
the adaptation of 3D printers working in different concepts to food processing systems
has been realized. NASA founded a study on the possibility to print food on deep space
missions using a 3D printer (Pallottino et al.,2016). Systems and Materials Research
Consultancy conducted the study with the aim to develop a 3D-printed food system
for long-duration space missions. In a study published Sept. 1, 2021, by Science of

Food at Columbia University, the team explored various modalities of cooking by



exposing blue light and infrared light to chicken, which they used as a model food
system. About the vegan meat production field day by day new startup companies
occur and improvements go on. An Israeli company, which produces burgers, kababs,
and sausages, called Redefine Meat, rather than culturing animal cells, is producing
fully plant-based “beef” products that are 3D printed at 10kg an hour. At a food truck
blind taste test held in 2020, over 90% of the meat-eating tasters agreed that the flavor
and texture were a success. (https://www.redefinemeat.com/news-media/) According
to a news article published in Turkey in December 2021 functional food was produced

at Ankara University using 3D food printers for individuals with dysphagia.

Some 3D printing techniques are applied to 3D food printing. These techniques can be
classified according to the type of material used: liquid, powder and cell culture. The
deposition of liquid-based materials can be printed via extrusion and inkjet processes,
while the powder-based structures are suitable for deposition followed by application
of a heat source (laser or hot air) or particle binder. Bio-printing is expected to widely
be used in the future and used to print meat that is thought to destroy problems caused
by animal food consumption. At present, except bioprinting, four types of 3D printing
methods can be applied to food printing: selective laser sintering, extrusion-based
printing, binder injection, and inkjet printing (Sun et al. 2015), among which extrusion-
based food printing is the most established. According to Wang et al. (2021) studies
have led to the development of many extrusion-based food printing materials,
including chocolate, dough, mashed potatoes, powdered sugar, cheese, insect-enriched
snacks, and fruits and vegetables. In Table 2.1, which is adapted from the study of
Dankar et al. (2018), 3DFP techniques are explained. It is explained that which kind
of material can be used in the technique and what are the advantages and
disadvantages. Moreover, the company studies on the technique are exemplified. After
printing, additional processing, cooking, may be required depending on the nature of
the material and the recipe used. Again, pressing on a platform with a PancakeBot
heater also performs the cooking process during printing. However, it is necessary to
rotate the pancake manually. In pizza printing, after dough, tomato sauce is created
with the printer, it is necessary to place the ingredients manually and then bake the
pizza in the oven. This makes the process far from practicality. There is a study which

integrates laser cooking to 3D food printing in California University, Creative


https://www.redefinemeat.com/news-media/

Table 2.1 : Comparison of 3D food printing technologies. Adapted from “3D printing technology: The new era for food customization and
elaboration” (Dankar et al., 2018).

Printing technology Technique Fabricated materials Advantages Disadvantages Company
Direct printing through  Extrusion and deposition Chocolate, cheese, mashed potato, pizza, ~ Support wide array of foods Appearance of seam line between layers, NASA,
extrusion from a nozzle hummus, cookie dough, hydrocolloids, . long fabrication time .
Can be coupled with more than Foodini
peanut butter one syringe allowing infinite
)_/ g 9 Fab@Home
combinations and degree of
freedom for food 3D systems
Inkjet Printing Drop-on demand printing Confectionary fabrications, decorations Innovative shapes of decoration From a 2D and half dimensional image FoodJet
from a syringe nozzle on cookies, biscuits, drops on pizza bases . .
yring P P Easy method Restricted more on decoration
Selective sintering  Powder binding and heat Sugar, Nesquik powder Recycled powder Applicable to restricted materials with CandyFab
technology source that melts and fuses . . low melting point .
More freedom to build food with Cornucopia
desired regions of the L .
complex design in short time
powder together
Binder Jetting Apply binding agent to Sugar sculptures from sugar powders, Precise Fragile end products, Better to be used at 3D Systems

powder according to a
predefined 3D shape

flour, starch, caster

Complex structures formation

a close point of consumption like home

and restaurants
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Machines Lab (Blutinger et al., 2019). It seems that technological developments can
overcome these barriers in the future. Therefore, the design of the product and the

system plays an important role in the acceptance of this technology by the user.

From the perspective of the business sector, 3D food printing is considered in 5
clusters. The first cluster, the home and domestic kitchen, where 3D food printers
could serve individuals for producing personalized meals in their home. The second
cluster is small enterprises such as chocolate cafes, bakeries and restaurants. Third
cluster represents large enterprises like food brands such as Barilla, and sports/fitness
centers. Airline industry is also considered a market under this cluster. NGOs including
nursing homes and disaster relief centers identified in the fourth cluster, whereas
conferences, festivals and other events are in the final cluster. Each of them needs to
be considered separately and needs a system and service design to be faced with the

user.

In the first, domestic, cluster users become prosumers. The term prosumption was
introduced in the early eighties. This concept, which was limited to cooking with DIY
projects, became more valuable and popular with users starting to use cameras,
printers, and scanners. For example, investing in 3D printers allows consumers to
produce personalized products at home. This equipment is very important in creating,
providing, and capturing value. According to Dankar et al. (2018), 3D printing can
cover the gap between culinary arts and non-professional food artisans. Everyone can
reach every recipe and can easily produce by printing that food at home whenever
prefers. Moreover, the user can reach the food in desired shape, with the nutritional
values required and free from the ingredients that are harmful for the user. The effect
of this on people is an issue to be discussed. The question of whether humanity is ready

to use technology at home is still being debated.

Attarin et al. (2020) state that 3D food printing is changing the U.S. food industry for
millennials, who have special interest about food because of their social, political, and
economic consciousness. According to market research by Packaged Facts, there is an
increasing demand for customized food since millennials become sensitive to achieve
fresh, creative, and personalized foods. There is a trend on the fast-casual foodservice
segment and increasing demand for customized food. In this regard, restaurants
gravitate towards more diverse food areas such as salads, fusion, bowls, and sushi due

to growing global palates thanks to millennials inspiration.
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Especially in recent years, social media sharing, recipes and food images have become
a source of pride. Flavor is always a sought-after feature. Even the best chefs may not
be able to reach the same taste in every try. 3DFP makes the food preparing experience
more rational and ensures the same quality result every time. Moreover, it can provide
this independently of one's abilities. It allows for mass production foods to be cooked
in the user's home. This will affect the user's life from many points. In addition, it is

possible to foresee that it will cause big changes in the food sector.

2.1.2 Advantages & barriers of food printing technologies

Automation of the food preparing process has been a topic of companies and the food
industry before food printing technology. Robotic-based technologies are developing
to automate the traditional food manufacturing for mass production and automate
manual processes (Steenhuis, Fang, Ulusemre, 2018). They have tried to make cooking
and preparing processes easier for people. Robotic-based techniques used for mass
production in food production are generally designed to automate manual operations,
reduce workload, save labor costs, and improve food production efficiency (Sun et al.,
2015).

Compared to robotic-based techniques, an advantage of 3D printing is that it
produces nutritionally, aesthetically personalized food whenever and wherever the
user wants. In addition to providing attractive shapes and hard to produce structures
3DFP makes possible to get functional properties like supply nutrition for the unique
needs, preferences, taste and dietary of different ages, sexes, occupations, and
lifestyles by adjusting the composition, density or structure. (Dankar et al., 2018).
So, this technology may become a game changer when it is augmented by
interrelating personal medical data, diet, lifestyle, gender, etc. (Tagami et al., 2021).
In addition, Pereira et al. state that (2021) customized sensory properties can be
created by using multi-food materials, by modeling mechanical properties or creating

food with the desired shape, color and flavor.

By 2018, approximately 320 tons of meat has been consumed worldwide (Whitnall &
Pitts, 2019), and it is predicted that the market will be expanding 15% by 2027
(OECD/FAO, 2018). There is much evidence of persecution in the fabrication of
animals such as chickens and cows by fabrication methods. In addition, they are

hazardous for the environment even in humanitarian agricultural practices. Livestock,
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especially cows, produce high levels of methane, which is more damaging than global
carbon dioxide. Forests that create more grazing, water, pesticides, fertilizers, all cause
ecological problems. Water scarcity is a growing problem of the world and livestock
contributes significantly. This means that people must either reduce meat consumption
or find a more efficient way to produce it. In this sense, 3D food printing may be a
way out to solve this problem. Lipton et al. (2010) published the first study on 3D
printing of meat. In this study, the authors demonstrated the suitability of 3D printed
turkey puree for sous-vide cooking method. In another research, gelatin was added to
fibrous meats as a viscosity enhancer to evaluate printability and the applicability of
3D printer (Liu, Ho, & Wang, 2018). Such studies show how this technology can more
realistically generate meat products with complex internal structure, containing on-
demand functional ingredients and modified textures for enhanced eating experiences.
According to Degerli (2016), two fields are specified for meat that cannot be printed
but can be modified and used as raw material for food. The first one is to ensure that
the pureed meat has the proper structure to maintain its form in the cooking processes
after the printing with the addition of enzymes; the other is bioprinting with live cell
cultures. Using bio-printers artificial muscle tissue was obtained. Cultured meat is
produced in a completely sterile environment. It is healthier than current meat
consumption habits. Clean meat does not involve medicine which is injected to

animals to save them from diseases.

From another perspective, the review of He et al. (2020) present that as a result of
increasing concerns, food industries conduct on studies to find innovative ways to
supply meat alternatives. These studies include meat from non-animal proteins, and
they try to achieve provide similar experience with appearance, mouthfeel, and smell
(Kumar et al., 2017). There are two major alternatives researchers focus on: meat,
culture-based meats (in vitro meat) (Bhat & Fayaz, 2011; Hocquette, 2016) and plant-
based meat, which is constructed from proteins extracted from plants (Joshi & Kumar,
2015). In addition, fungi-based meat alternatives such as Quorn products (Wiebe,
2004) and insect-based meat products such as burger from Bugfoundation (Germany

food company) (Ismail, Hwang, & Joo, 2020), have been launched in recent years.

3DFP can be utilized to develop personalized nutrition for people with special dietary
necessities. Studies focused on personalization of food with 3DFP technology continue

to be developed. For example, there is a concept project of Open Meals Team, called
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Sushi Singularity, about a restaurant that produces personalized sushi planned to be
opened in Tokyo. Its vision is producing sushi combined with biometrics to enable
hyper-personalization based on biometric and genomic data. Personalized food can be
utilized to fulfill nutrition needs of people with special dietary needs by using the
selected ingredients (Varvara et al., 2021). For example, 3D food printing can provide
a meal suitable for a person with chronic kidney disease who needs a meal with low
potassium content (Burke et al., 2020). In addition, this technology can provide
attractive food designs with proper form for people who have difficulty on chewing
and swallowing. Similarly, Luo et al. (2017) highlighted that supplying proper
nutrients, such as proteins, fibers, vitamins, etc. to elderly people might be an effective
way to benefit from personalization feature of 3DFP. Furthermore, famine still remains
being a problem in some countries and this technology could be valuable to improve
food security. Studies show that food products could be enhanced in terms of nutrition
by using different sources of nourishment, such as meat, lupine seeds, insects, and
algae (Dankar et al., 2018, Zhao et al., 2020)

Additionally, children and teenagers are individuals with special dietary requirements
such as vitamins, protein, minerals, and problems of rejection to these nutritious foods.
Therefore, since 3DFP is applicable for acquiring food products in desired shape with
improved nutritional ingredients, this could be a solution for creating attractive healthy

snacks and, offering the nutritional requirements for everyone (Dick et al., 2019).

Moreover, there are some barriers on behalf of 3DFP to overcome before it reaches
the end user. Dankar et al. (2018) explain these barriers in four categories. Firstly,
there are no regulations regarding the manufacturing of 3D printed food that have been
established yet, so, specific guidelines for particular foods, facility examinations, and
staff training should be set (FDA, n.d.; Porter et al., 2015; Tran, 2016). Another
important point should be taken into consideration for 3D printed food is most of them
have a limited shelf life. On the other hand, one of the advantages of edible printing is
the ability to create food items only hours before sale or consumption. With this
perspective shelf life may not be an issue in food printing unlike traditionally and
centrally manufactured items (Porter, Phipps, Szepkouski, & Abidi, 2015). In addition,
material set requirement is one of the 3DFP barriers (Lipton et al., 2010). Not every
type of food can be printed with current methods, there is a limited variety and quality

of ingredients to be used. This limits the meals produced with the technology and
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sectors the appliance may spread. Lastly, some meals require a further post printing
step like baking, boiling, frying or freeze drying, and this may cause altered textural
properties. (Sun, Zhou, Yan, Huang, & Lin, 2018).

2.1.3 Material requirements in food printing

Dick et al., (2019) expresses that there are three categories based on the printability of
food ingredients: native printable food materials, non-native printable traditional food
materials, and alternative ingredients (Figure 2.1). Natural printables have sufficient
flow properties to be easily extruded from the nozzle without additional flow
enhancers (Sun et al., 2015). On the other hand, non-native printable food materials
require additional flow enhancers to facilitate finishing such as extrusion and baking
(Sun et al., 2015). Alternative ingredients mentioned in Section 2.1.3 refer to new
sources of functional ingredients used to customize nutrition, such as proteins and

fibers acquired from insects, algae, fungi, bacteria (Sun et al., 2015).

. y Cheese (Kim et al., 2017)
Native printable food Pizza dough (Van der Linden, 2015)
1 : b {
materials | Vegemite and Marmite (Hamilton et al., 2018)

Chocolate (Mantihal, Prakash, Godoi, & Bhandari, 2017)

\
_ i 3
Non-native printable‘ : Meat (Lipton et al., 2010)

" traditional food | Fish and seafood (Wang et al., 2018)

materials | | Fruits and vegetables (Severini et al., 2018)

Alternative || Derivatives from insects, algae, bacteria, fungi, others (Sun et
ingredients | al., 2015; Severini, Derossi, & Azzollini, 2016)

Figure 2.1 : Categories of food printability (Sun et al., 2015, Van der Linden, 2015,
Dick et al., 2019).

Catgories of food printability

Selecting materials suitable for 3D food printing and its application is challenging.
Materials must meet three essential requirements to be used in 3DFP: printability,
applicability, and suitability for post-processing (Godoi, Prakash, and Bhandari 2016;
Nachal et al. 2019, Wang et al. 2021).

Printability refers to the ease of the material to be controlled and deposited by a 3D
printer and preserving the shape after operation. Materials with good printability can
be used to create complex structures. Printing materials should have some

physicochemical, rheological (the flow of liquids which do not flow easily), and
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mechanical properties, for different printing technologies requiring specific material
properties (Liu et al. 2017). Applicability refers to the ability of the material to fulfill
certain functions such as building complex geometric designs and structures. The
feasibility of 3DFP depends on the properties of the supplied materials and the
scalability of production (Nachal et al. 2019). Therefore, the applicability of materials
determines the scope of 3DFP technology. Finally, post-process behavior refers to the
suitability of a material for processing after printing. Although some foods can be
consumed directly, some printed foods may need some form of cooking before eating
(Nachal et al. 2019). Post-processing quality may affect appearance and taste of the

food and user acceptance.

2.1.4 Future of the food printing technology

Studies on 3D food printers and efforts to apply them continue despite achieving
safety, productivity, and economic feasibility remains an important issue. According
to Lee (2021) the global 3DFP market is expected to grow to $525.6 million by 2023.
As seen in Figure 2.2, the largest global market size of 3DFP service is commercial
(43.5%) and it is followed by government (25.8%), hospital (20.8%), and household
(9.9%) areas.

The global market size for each type of 3D
food printing service.

= Hospital

= Houshold

w Commercial

Figure 2.2 : Statistical data of the global market 3D food printing service, Lee
(2021) (Adapted from 3D Bioprinting market size, share & trends analysis report by
technology market analysis report, available online:
https://www.grandviewresearch.com/indust).

Bioprinting is seen as a method that future studies are expected to focus on. Cultures
and biological materials of living cells are deposited layer-by-layer. Mostly, inkjet,

laser-assisted and micro-extrusion printing is used for these kinds of biological
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materials (Teng et al., 2021). The researchers of the University of Missouri print strips
of edible porcine tissue by applying 3D printing technology. According to Marga
(2012), bio-printed meat will be accepted by vegetarians who choose not to eat meat
for ethical reasons. At an affordable price, in the future this technology will benefit the
masses that limit their meat consumption and populations that have problems
accessing safe meat production. However, the biological printing of meat shows many
disadvantages that must be overcome in connection with the long maturation processes

to reach the meat to be consumed (Marga, 2012).

3D food printing examples have already appeared in some countries like printing
pancakes in Holland. This can be seen as a sign that the popularity of 3D food printers
is on the rise (Van Bommel, 2013). According to Tibbits (2013), 4D food printing
expands business platforms of this technology and new business ideas to adapt to the
current market trends by reducing capital requirements, saving time, reducing
inventory space, and improving business efficiency. Similarly, Tibbits (2014)
describes the fourth dimension as the transformation over time, emphasizing that
printed structures are no longer simply static, dead objects; rather, they are
programmable and can transform independently. Teng et al. (2021), defines 4D food
printing technology as an extension of advanced 3D printing technology that allows
food customization flexibility by adding desired features. Currently, printed food
materials are limited to soy protein isolate, starch gels and hydrogel systems, which
have external factors such as pH, water absorption, microwave, and temperature.
Changes in the characteristics of the printed product, such as color, shape, nutrition,
and flavor, are due to differences in material properties, internal structural design,
and arrangement of food materials. Teng et al. (2021) stated that future developments
regarding the link between internal structure and stimulation for 4D food printing

technology should be investigated.

2.2 Food Design & 3D Food Printing

According to Dankar et al. (2018), the way how 3D food printers work has been studied
from an engineering perspective, but what can be done creatively has not yet been
explored. 3DFP technology has been dealt with by food scientists and mechanical
engineers in the fields of technology development and materials, food production,

quality, and techniques. Establishing the business model of the new technology can be
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studied in the field of business sciences and because of the effects of social life and
changed habits it is a case for social sciences. However, it is lacking in the literature
to take this technology and application system from a design perspective. Food
printing uses digital gastronomy techniques to manufacture food pieces with mass
customization in shape, color, flavor, texture, and even nutritional value by integrating
3d printing technology. Digital gastronomy is to implement cooking process
knowledge in food fabrication to encompass all aspects of gastronomy and go beyond
taste in eating experiences (Sun et al., 2015). Combining 3D printing and digital
gastronomy techniques can digitally visualize food manipulation, therefore creating a
new space for novel food fabrication at an affordable price. 3DFP transforms
customized food design in the form of a digital 3D model to a finished product in a
layered structure (Levy et al., 2011). Food and design interact in several ways.
Designing the food, the appliance, the system, and service for supplying the
ingredients, design of applications to set printers and for modeling the food are

examples of these ways.

Kauppi et al. (2019) states that design is more than merely an aesthetic or practical
feature of marketing. Instead, they explain design interventions as strategic attempts
to facilitate change and influence adoption and eating behaviors of users in their paper
about edible insects’ adoption. In addition, Zampollo (2016) defines Food Design
simply as the link between food and design. She explains it as the design process that
leads to innovation in products, services or systems for food and eating, from
production, supply, storage and transportation to preparation, presentation,
consumption, and disposal. She visualized the sub-categories as Figure 2.3 to show
how these Food Design sub-disciplines intersect and intersect and how other
disciplines inform and influence Food Design. The International Journal of Food
Design is the first academic, peer-reviewed journal entirely devoted to food design
research and practice. This journal is a platform for researchers and practitioners from
various disciplines who contribute to the understanding of food design. As the journal's
website explains, the editors are particularly interested in research that connects
culinary arts, hospitality, food science, and culture from a variety of disciplines,

including design theory, design education, design history, and industrial design.

3DFP and design interact with several points. As with every product, a printer's design
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Figure 2.3: Categorization of food design by Francesca Zampollo (2016).

is important for usability, aesthetic, creating a meaning, affordability, availability,
creating a lifestyle etc. Target group, technical characteristics of product, production
and marketing parameters can limit the design. Another design related issue is the
applications to be used with the product. Food printing is a good example for human
computer interaction. Food printing requires some digital platforms and systems that
need human interaction. It is necessary to select the food, define the recipe and design
if necessary, and make data suitable for the printer. Even if these operations will not
be done, it should be obtained from online platforms and this information should be
transferred to the printer at any time. Another issue is to design this system. Service
design is an important part of a food printer's usability and accessibility. Many issues,
such as the user's ability in installing the hardware and software, using them, accessing
ingredients should be handled as experience design independently from the
development of the technology. Selling printers in business-to-consumer and business-
to-business models are possible. These two business models may need different

products and system design. Among all these design connections mentioned,
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interactions between 3D food printing and design revealed in two directions in this

study: design of food and design of 3D food printer.

2.2.1 Design of food
Food texture is one of the most important food properties for consumers’ acceptance
(Laureati etal., 2020). Texture is a key quality attribute used in the fresh and processed

food industry to assess product quality and acceptability. (Chen & Opara, 2013)

Kohyama (2015) states that people enjoy eating food using multiple senses. Taste and
odor are chemical senses that are perceived as flavor. The fundamental tactile, visual
and auditory senses are categorized as physical senses, which are activated by physical
stimuli. According to Kohyama, the sense of taste is used only in oral processing, but
vision and smell are very important cues in “pre-oral processing.” Foods that have
good flavor and texture are preferred and consumed. As a result, design of food is a

fundamental affecting factor to the intention of users to accept 3DFP technology.

Zampollo (2012) defines a food product as a product for food or with food. Design for
food creates products made of non-food materials, and designed for the consumption,
preparation and containing of food. Design with food creates products where the
material itself is food, i.e., a product made of food. 3DFP involves both in the system.
Printers, online platforms, and services are designed for food and also the end product

itself is designed.

As mentioned before, other than the necessary equipment to get food printing, one of
the parts of this system is the recipe of the meal. After preparing the materials
contained in the food to be printed, the order, position, and quantity in which these
materials should be printed are described in the system. These recipes are provided to
users in some 3D food printer companies. However, with its widespread use, it is
necessary that recipes be created and developed by sharing. This technology can help
people to obtain food easily that they did not know before. One of the data that the
person having the technology should send to the equipment is the description of the

design of the meal.

The 3D model of the food can be created by the user as well as provided by online
resources. However, for advanced and various options, the user may need to know how
to model at some point. For this reason, there are 3D food printer brands that offer a

design platform for the user to model. They present an easy interface to customers who
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have no experience in modeling or 3D printing. For example, the PancakeBot
(https://www.pancakebot.com/design-library/) provides an application for the user to
design the pancake. However, in this case, it is very easy to present this service since
the pancake is 2-dimensional. After the design and description, this model is converted

to the printer language and sent to printing.

When we look at its applications, we see that chocolate and decoration printing is
common in this subject. It can be said that there is such a density due to its lack of need
for cooking, its suitability to various forms of testing, the fact that different and
remarkable forms are regarded as value in the market and their feasibility as a business
model. In addition, there are food printing works supported by Barilla pasta in a design
competition. We can say that the reason for this is the foresighted work for the future.
Open Meals (https://www.open-meals.com/) has been pursuing the digitization of food
for years, making quite an impression with their Sushi Teleportation demonstration at
SXSW in 2018.

2.2.2 Design of 3D food printer

In Mert's (2008) study, design is defined as a condition that must be met in order to
persuade users to buy smart home appliances. She states that devices should “blend
in” with the existing environment and should be unobtrusive. Attractive design, €.g.,
the new look promotes the fact that it's a new idea, a range of sizes for households of
different sizes, including a small one-person unit, and the ability to integrate appliances

into fitted kitchens are additional benefits that provide user acceptance.

Since 3D printers are developed under the leadership of technology and are developed
with a focus on producing without causing mold costs, their appearance is in an
industrial form. Mechanical features are prioritized and there are models developed
with a focus on production and ease of use, considering the working systems.
However, models with body design are also available in the market. For 3D printers,
there are users who look for specific shell concerns according to the usage area. For
example, in schools, shell and cover models are preferred to protect children from the
nozzle part that makes hot production with a safety tool. When the product processed
is food, new needs arise in terms of volume, appearance, cleanability and safety of the
kitchen product. Form, color, mechanical properties, and the design of the product in

many respects will affect the place of the product in the eyes of the users, the
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perception of price, the perception of usability, and the area of use. In this study, no
study was conducted with users on appliance design, but further research could be

conducted on how product design will affect its acceptability in the home environment.

Zampollo (2016) mentions "Design for food" as a subcategory of food design. In this
category designer not only works on products like pots and pans, plates, cutlery, and
containers, but also from blenders, rice cookers, and toasters, to ovens, fridges, and 3D
food printers; and packaging. In short, she defines them as products designed to
prepare, cook, serve, contain, and transport food. In the designing process of a pan,
designers work with chefs, to learn from them what they need and like in a pan.
Zampollo (2016) states that there is an intersection between Food Product Design and

Design For Food.

Another Food Design sub-discipline is Food Service Design. At the end of the 20th
century designers understood the importance of including human beings to the process
to predict behaviors to generate successful solutions required. User-centered design
generated with this perspective and design started being more about the interaction
between people and the object. This means that it is not only about designing a 3D
food printer, but also more about designing the situation in which people buy and enjoy
that technology and meal: with its environment, human interactions, tangible factors,
and outcome. For example, 3D printers are used together in various interfaces for
modeling, preparing the model for printing, and controlling printing. These can be
internal or external interfaces. By using these interfaces, the user can design the food
or choose the existing design and adapt it to himself. The user's 3D perception,
education and modeling experience will affect their competence in this regard. The
usability and design of these interfaces will affect the user's perspective on the product,

the learning process, and the rate of feeling competent.

2.3 Technology Acceptance of 3D Food Printing

According to Varvara (2021), food texture is perceived by the human organism during
a meal through a complex system of interconnected stimuli such as vision, hearing,
touch and kinesthetics. The mechanisms involved in texture perception have been
studied by considering these factors to create acceptable food products that can fulfill

nutritional necessities (Derossi et al., 2018;Fahmy et al., 2021; Laureati et al., 2020; ).
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Briefly, food texture has an important impact on users’ acceptance (Chen & Opara,
2013; Kohyama, 2015; Laureati et al., 2020).

Moreover, Kauppi et al. (2019) introduce the benefits and challenges of insect-eating
and discuss the factors that are known to influence user acceptance, and categorize
factors including adoption strategies into a framework that can be applied in future
user studies. In addition, the article provides examples of design interventions to show
how design can contribute as a strategy to support the general adoption of insect food
by western user. Kauppi et al. (2019) state that there should be more sufficient source
about user needs, experiences, behaviors, and goals to effectively stimulate their

engagement with insect-based products.

In addition to alternative ingredients, 3DFP offers a new kind of kitchen experience to
users. Although some users get used to 3D printing technology, its material is food
like vegetables, dough, meat, and chocolate rather than plastic. This may cause friction
to own an appliance that prints their daily meal in their home. Technology acceptance
models are adapted to this study with the purpose of what kind of friction makes this
adaptation process longer and how potential users feel about this new technology, and

what is their belief about the 3DFP technology' future.

2.3.1 Theories and models of technology acceptance

Theories and models developed by different disciplines and used in predicting,
explaining, and understanding the acceptance process of new products or technologies
are explained in this section. Figure 2.4 represents the basic concepts of user
acceptance models. The individual reactions and intention to use information
technology reacts as the determinants of actual usage. In addition, actual usage in
return affects the individual reactions of users. There are some models which emerged
to examine determinants of acceptance of a technology from users. These are several
models such as Technology Acceptance Model, Theory of Reasoned Action, combined
TAM and TPB, Theory of Planned Behavior, Model of PC Utilization, Diffusion of
Innovation, Motivational Model and Social Cognitive Theory. Some of these

prominent models will be explained in the following sections.
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Individual reactions to Intentions to use Actual use of
using information ——» information —— information
technology technology technology

Figure 2.4 : Basic idea on which user acceptance models are based (Sapio et al., 2010).

Theory of Reasoned Action (TRA): This model focused on the field of user behavior.
Predictions of user intentions and behaviors and how and in what situation the target
user behavior changes are analyzed in this model. According to Venkatesh et al.
(2003), “TRA posits that an individual's behavioral intention towards a specific
behavior can be considered as a proxy of the behavior itself”. Beliefs shape attitudes,
and according to these beliefs, behavioral intentions which are instructions that direct
people how to behave are formed. (Sheeran 2002). In summary, TRA model states that
beliefs, attitudes and intentions are determinants of behaviors as seen in Figure 2.5
(Ajzen and Fishbein, 1984).

B = Behavior
be o A BI = Behavioral Intention
A = Attitude
SN = Subjective Norms
Bl —» B bm = beliefs about the social expectations of specific
others multiplied by the motivation to conform

bm » SN to them

be = beliefs about the specific consequences of be-
havior multiplied by the evaluation

Figure 2.5 : TRA model of Fishbein and Ajzen (1984).

Theory of Planned Behavior (TPB): TPB has originated from the TRA. This model,
proposed by Ajzen in 1985, aims to predict the reason why an individual would adopt
a behavior. In this model, the perceived behavior control is defined as “perceived ease
or difficulty of performing behavior” (Ajzen 1991, p. 188). As Figure 2.6 shows,
behavioral intention is the key fact of TPB and the elements affecting the behavioral
intention are specified as attitude toward the behavior, subjective norm, and perceived

behavioral control.

Both TRA and TPB assume that individuals make a rational decision. As mentioned

earlier, this is seen as their limitation.
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Figure 2.6 : Theory of planned behavior (Ajzen, 1991).

Technology acceptance model (TAM): TAM was proposed to analyze the factors
affecting computer acceptance (Davis, 1989). TAM is a flexible theory considering
the target user population and technology. The theory consists of two main governing
factors as Perceived Usefulness and Perceived Ease of Use (Figure 2.7). Perceived
usefulness is the subjective idea of the potential user will develop about the intended
action when she/he uses the system. Perceived ease of use can be described as the
effortlessness of the system in users' mind, and the user's perception of effortlessness
may vary depending on the level of faith of the user about the system (Davis, 1989).
As a result of Davis’s (1989) studies; “... users are driven to adopt an application
primarily because of the functions it performs for them, and secondarily for how easy

or hard it is to get the system to perform these functions”.

Unified theory of acceptance and use of technology (UTAUT): Recent work by
Venkatesh et al. (2003) synthesizes existing models and proposes a comprehensive
method; Unified Theory of Technology Acceptance and Use - UTAUT (Wu et al.,
2007; Qingfei et al., 2008). The success of the model is its used content, which includes
the structures and scale elements of previous technology acceptance models, including
TAM.
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Figure 2.7 : Technology acceptance model (Davis et al., 1989).

Venkatesh and Morris (2003) compared the similarities and differences among the
previous models which were used in the context of the information system, all of which
had their origins in sociology, psychology, and communications. As seen in Figure
2.8, UTAUT identified four parameters of the acceptance of information systems. The
significant constructs are effort expectancy, performance expectancy, social influence
and facilitating conditions. Furthermore, four significant moderating variables were

identified, gender, experience, age and voluntariness of use.

Performance
expectancy

Effort | 3 Behavioral Use behavior

expectancy intention
Social

influence

Facilitating
conditions

Hedonic

motivation Price value Habit

Figure 2.8 : UTAUT model (Vankatesh et al., 2003).

Unified theory of acceptance and use of technology 2 (UTAUT2): UTAUT has been
applied to many studies about different technologies in both organizational and non-
organizational settings. However, Vankatesh et al. (2012) state that there is a need for
a systematic investigation and theorizing of the related factors that would apply to a
consumer technology use context. For this reason, UTAUT2 is designed which is
based on general outlines of the UTAUT. It is tailored to consumer use context as seen
in Figure 2.9. However, in UTAUT2 variables such as age, gender, and experience are
added to the frame. Moreover, hedonic motivation, price value and habit have been

added as constructs. Different from UTAUT, voluntariness has been dropped as a
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variable, to make UTAUT applicable in the context of voluntary behavior. This model
has been conducted to self-technology service, adaption of smart mobile device,
healthcare industry, learning management software acceptance process and other

technology issues (Anatoliy et al., 2012).

Performance
Expectancy’
Effort
Expectancy?
Behavioral Use
aag Intention ‘/v Behavior
0ocCia
Influence * /
. Notes:
Facn.natmg‘ 1. Moderated by age and gender
Conditions 2. Moderated by age, gender, and
experience
3. Moderated by age, gender, and
Hedonic experience
Motivation 4. Effect on use behaviopis
moderated by age and experience
5. New relationships are shown as
p darker lines
rice Value
Habit

Age Gender Experience

Figure 2.9 : UTAUT2 research model (Vankatesh et al., 2012).
2.3.2 Adapted version of UTAUT2 used in this research

UTAUT2 model is used as a theoretical driver for this study. However, an adapted
version of UTAUT2 (Figure 2.10) will be used to suit the context of the study and to
achieve its aim. Similar to UTAUT?2, in this research Performance expectancy, Social
Influence, Facilitating Conditions, Effort Expectancy and Behavioral Intention are
independents of use behavior. Moreover, hedonistic motivation and trust are
determined as dimensions to examine how users perceive 3DFP technology. However,
age, gender, voluntariness, and experience are excluded. Venkatesh et al. (2012) do
not consider the role of habit in the current research model. This was since customers
should have a wealth of experience using this type of technology to examine the role
of habituation. As an external factor, Trust has been included as an extension to the

UTAUT?2 because the product is proposed to the food industry whose users are
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profoundly sensitive about health and nutrients. In this study, based on the general
construct of UTAUT2, determinants of the method will be explained in the next
sections. The research approached technology acceptance issue for 3DFP in terms of
two dimensions: the food produced and the appliance that was printed. The

acceptability and barriers for users in both aspects were examined.

Performance
Expectancy

Social
Influence

Effort
Expectancy

Behavioral Use
Intention Behavior

Hedonistic 1

Motivation

Trust

Facilitating
Condiitons

Figure 2.10 : Adapted version of UTAUT?2 used in this research.

Performance expectancy (PE): PE can be defined as “the degree to which an individual
believes that applying technology will help him achieve gains in job performance”
(Venkatesh et al., 2003). If customers think that this technology is more advantageous
and useful in their daily lives, they will be more to use and accept new technology
(Alalwan, Dwivedi, & Williams, 2016; Davis et al., 1989; Venkatesh et al., 2003)

Social Influence (SI): In the UTAUT maodel, social influence is conceptualized as “the
degree to which an individual perceives those significant others believe they should
implement the new system” (Vencatesh et al., 2003). The information and
encouragement provided by the users' social circle can have an impact on intention
towards technology as well as awareness (Alalwan, Dwivedi, & Williams, 2016;
Alalwan, Rana et al., 2015).
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Facilitating Conditions (FC): Definition of facilitating conditions is “the degree to
which an individual believes that an institutional and technical infrastructure exists to
support the use of the system” in UTAUT model (Venkateshet al., 2003). Indeed, using
3DFP technology requires certain skills, resources, and technical background.
Although it varies according to the design and resources of the product, the ability to
use the internet and interface is required. In addition, some culinary skills and
knowledge of 3D modeling may also be required to use certain products or to produce

personalized foods.

Effort Expectancy (EE): According to Venkatesh et al. (2003) EE is “the scope of
convenience associated with the use of a system”. Davis et al. (1989) states that users'
intention to accept a technology can be predicted by how easy and less effort it is for
users to use it and how positively valued the system. Therefore, due to the special
nature of food printing, which requires a certain level of knowledge and skill,
expectation of effort can play a crucial role in determining customers' intention to use

this technology.

Hedonistic Motivation (HM): Venkatesh et al. (2012) states that hedonic motivation
and intention to use a technology affects each other directly. Venkatesh et al. (2012),
along with extrinsic benefits (i.e., efficiency, usefulness, performance expectancy) in
the same model, were examined under the concept of hedonic motivation (Venkatesh
etal., 2012). In fact, it has been suggested that intrinsic benefits may have an important
role in increasing individuals' intention to adopt emerging systems (i.e., van der
Heijden, 2004). This role has greater effect in the case of hedonic systems that includes
creativity and uniqueness. (Alalwan et al., 2014; Brown and Venkatesh, 2005; Piischel
et al., 2010; van der Heijden, 2004)

Trust (T): Trust is often proposed by researchers as an important factor influencing (or
influenced by) perceived usefulness (PU) and perceived ease of use (PEU), especially
in the e-commerce context. According to Gefen, Karahanna, and Straub's (2003) study,
trust, user trust can be defined as the accumulation of user beliefs of honesty,
helpfulness, and ability that can increase user willingness. Trust has included
technology acceptance studies in the mobile banking and finance sector (Alalwan et
al., 2017). In line with Zhou's (2011) study examining the factors affecting users'
antecedent trust in mobile banking, it was seen as an important factor in determining

users' willingness to use mobile banking. In the food sector there are some papers in
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literature about trust and technology acceptance. According to Maijer et al. (2020)
perceived benefits and risks may be personal and directly related to product quality,
price, or health, but may also relate to broader social issues such as sustainability,
occupational safety, public health, or ethics in food production. Since user acceptance
of new technologies is based on perception of risks and benefits, informing users about
benefits should increase acceptance of processing and similarly awareness of risks

should reduce acceptability.

In this study, trust was added to the method as a factor to evaluate the acceptability of

3D food printing technology, which is directly related to health and food.

Behavioral Intention (BI): Studies have indicated that behavioral intention has an
influential role in shaping the use and acceptance of new systems (Ajzen, 1991;
Venkatesh et al., 2003, 2012). Behavioral intention refers to the degree to which a
person formulates consciously. It is the plan of users to perform or not perform a
certain behavior in the future (Aarts et al., 1998). Behavioral intent has often been
measured as users' willingness to repurchase a product from a company and to support
it by talking about the company positively (Webb et al., 2007). Many previous studies
have proven that behavioral intention plays an important role in actual behavior
(Burke, 2002).

30



3. METHOD

Technology acceptance models applied with only quantitative research methods in
many examples. However, Wu (2011) explains the limitations of using only the
quantitative method in technology acceptance study in three perspectives. First, all
data collected from surveys is self-reported and therefore prone to some well-known
biases regarding acceptance, social desirability, and non-responsiveness. Self-reported
intention to use may not lead to actual use behavior. Second, quantitative data analysis
generally follows the principle of data reduction, using statistical techniques that
reduce complex and interdependent human-technology interactions to measurable,
linear, and deterministic relationships. Third, closed survey tools are inflexible, which

can cause the researcher to miss unexpected but potentially important new discoveries.

Mixed model research involves mixing qualitative and quantitative projects at multiple
stages of the study (questions, research methods, data collection and data analysis, and
the process of interpretation or inference) (Teddlie & Tashakkori, 2003). A researcher
conducts surveys of a large group of people and conducts in-depth interviews with a
subsample of these individuals to try to find general trends in the population and
provide more detail on unexpected findings that may arise. Mixed methods research is
not just about conducting two separate sets of quantitative and qualitative research.
Studies and their findings should somehow follow a logic of integration (Creswell &
Tashakkori, 2007, cited by Wu, 2011). The researcher collects data sequentially or
simultaneously. Sequential application can be explanatory or exploratory (Creswell,
2002, cited by Teddlie & Tashakkori, 2003). In descriptive sequential research, the
researcher collects quantitative data and then qualitative data to help explain or refine
the quantitative results. In this study, data collected using the mixed method, a survey
to collect data from large-scale communities, and a semi-structured interview to gather

insights about the same dimensions on the questionnaire were conducted.
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3.1 Data Collection

The extended Unified Theory of Acceptance and Use of Technology (UTAUT?2) is
proposed to clarify the technology acceptance from the user perspective. Therefore, it
has been found as the most suitable model covering factors determining users’
intention and adoption of 3D food printing. Conceptual model of this study proposed
by using its main determinants: performance expectancy (PE), effort expectancy (EE),
social influence (SI), hedonic motivation (HM) and facilitating conditions (FC). These
are determined as direct determinants of users’ intention to accept 3D food printing
technology. As in the model of Venkatesh et al. (2012) behavioral intention (Bl) and
facilitating conditions (FC) were conducted as main predictors of use behavior. The
current research model does not consider the role of habit, age, and gender. In order to
examine the role of habit, participants should have long time experience in using such

technology unlike in this study.

3.2 Survey Design

Survey questions (Figure A.1) are grouped as four parts. The first part is designed for
getting demographic information of participants. This part includes two questions for
demographic information as age and occupation. These questions are asked to see

whether participants concentrate on the same age range or occupation.

The second part aims to explore their relationship with the kitchen, food technology
and cooking generally. Habits on food preparation are examined with 7 questions in
this part. For the third part video prototyping has been made. By using visual materials
(Figure C.3) like video parts, graphics, and illustrations an overall explanation for 3D
food printers, its potential benefits and use areas, 3D food printing process, its potential
ingredients and some examples of foods which had been produced by printers were
presented to participants. After the embedded video two source video links have been
added to the survey for participants. The last part consists of 22 Likert scale questions
which have been generated according to the UTAUT model. Five options which are 1

to 5 points for each Likert question have been presented to participants.

As a last question additional opinions, comments, questions and suggestions were

asked as an open-ended question. Finally, their email addresses were asked to make
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contact to invite them to interview as a following section of the study with their

voluntariness.

Google Forms application has been used to generate this survey. It was generated,
distributed, and answered online. The survey was disseminated by using social media

and online communication platforms; Linkedin, Whatsapp.

129 participants have answered the survey from different ages and occupations. The

language of the survey is Turkish which is the mother language of all participants.

As seen in the pie chart (Figure 3.1) most of the participants, 81,4%, are in the age
range of 25-40. The following ranges are 18-24 with 10,9% and 41-56 with 7%.

Age Distribution

1%

= 25-40

\ = 41-56

= 18-24

= 57-66

Figure 3.1 : Age distribution of survey participants.

The pie chart (Figure 3.2) shows that 58,1% of the participants state they live with
their family and in the following ratio 25,6% of the participants live alone. In addition,

11,6% of the participants live in a shared home which means they have home mates.

Which of the expressions is more
suitable for you?

2%

‘ m Lives with homemates

= Lives with family

= Lives with partner

4%(

m Lives alone

= Others

Figure 3.2 : Graphic showing who participants live with at home.
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In this question participants are allowed to select multiple answers. As in Figure 3.3,
90 of the participants assume cooking in their home. 37 of them say that their parents

make food and followingly 20 of participants state that their partner cooks.

Who takes responsibility for cooking in your
home?

Others WM 5
My partnerandI [l 5
Apersonnel M 4
Your partner [N 37
Yourown [IEE—— 90

Your parent [N 20

Figure 3.3 : The graph shows distribution of cooking responsibility in home.
3.3 Semi Structured Interview

Participants of the interview were selected from volunteers who wrote an email address
to the survey. A meeting with participants has been scheduled. Their kitchen photo
was also asked in this conversation to be presented in the meeting. On the day of the
interview a reminder message was sent to check availability. Meetings have been
carried out via Zoom, an online video chat application. Zoom has become a popular
application since the Coronavirus emerged. All the participants have used this platform
before. So, they did not have a problem with how to use the application or how to join

the conversation.

The interview schedule was based on the previous survey. The questions (Figure B.2)
were designed to capture attendees' views, perspectives, experiences on technological
acceptance of 3D food printers and 3D printed food. These were supplemented with
additional questions concerning attendees' relationship with the kitchen and 3D
printing technology. Eight questions were included in the schedule to learn their
cooking habits, current experience, and situation of their knowledge about 3DFP. After
the first six questions an explanatory video (Figure C.3) was watched and additional

information about the technology and its benefits added to this section. Then a few
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questions for each parameter of technology acceptance model have been asked to
participants. For each parameter, questions have been included to learn perspectives
of potential users on both the food and the printer. When necessary, additional
questions were added to the study to clarify participants’ responses and to provide a
detailed account of their opinions. All interviews were conducted by the researcher,
and each lasted approximately 40 minutes. Audio recording has started with

participants' permission.

3.4 Data Analysis

Satu and Kyngas (2008) stated that content analysis is a method that can be used with
both qualitative and quantitative data; and can be used inductively or deductively. The
researcher determines the purpose of the study and chooses which one to use. Lauri
and Kyngas (2005) suggest the inductive approach if there are not enough current
information about the phenomenon. According to Kynga's & Vanhanen (1999),
deductive content analysis is used when the analysis structure is operationalized based

on prior knowledge and the purpose of the study is theory testing.

Categories are parts of the research that can be called the essence of the research used
as analysis tools that form the building blocks of the theory to be developed. According
to Udo (2019), there are various types of categories in the literature. One of them is
theoretical categories, subtypes of analytical categories that refer to an existing theory.
There are three basic ways to develop categories: concept-driven (deductive), data-
driven (inductive), and concept-driven and data-driven mixing (Udo, 2019). In the
concept-oriented approach where analysis is made in this research, the categories are
derived from a theory, literature, or research question.

For the content analysis, firstly, the recordings of the interviews were categorized
according to theory driven approach. In this study, the research was carried out in two
stages. There were dimensions adapted from the UTAUTZ2 model in both the
questionnaire and the interview. Graphical representations of user’s tendency were
used to analyze the survey's findings descriptively. These projections are provided by
the Google Forms application. These graphs are analyzed by density and correlated
and compared with the answers gathered in the interview. For analysis, the data

collected during the interview were categorized according to dimensions. Parts that
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were repeated or considered important by the participants were highlighted. Then, the

graphs were supported or compared with the quotations during the analysis.
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4. FINDINGS

The results of the research will be analyzed under the following headings. The survey
results will be compared with the answers to the questions prepared about the relevant
factor in the interview. In addition, the results of the interview will be categorized as
appliance and food, and the views of the participants will be evaluated in the relevant
factor from two sides. Thus, the reasons for the answers of the survey, the hunch and

thoughts of the users will be conveyed in two ways, focused on food and appliances.

4.1 Facilitating Conditions

When we look at the results of the survey, there is almost a similar distribution between
ranks, 17,1% strongly disagree with "I have necessary information to use a 3D food
printer” while 14% strongly agree with this statement (Figure 4.1). Moreover, 22,5%
of them disagree and 20,2% is the rate of the participants who state they agree with the
statement. There is a concentration to “either agree or disagree™ in the evaluation of
whether they have the necessary information to use a 3D food printer (3DFP). This
finding coincides with the statements in the answers to the related questions in the
interview questions that one cannot give a definite answer without using the appliance.
For all the interview participants, the food printer is a technology that they have not
yet encountered and used. Although some of them have seen or used a 3D printer and
even own it, at least the preparation of the contents and the food printing process is not
clear for them. In summary, participants have question marks especially about the

form, taste, nutritiveness of the food to be produced.

As the graph shows (Figure 4.2), many participants think that they have and can use a
device such as a computer, tablet or phone, which is necessary to use 3DFP. That is
not surprising as the participants have already answered a survey that has been spread
online. Particularly those who have experience on the 3D modeling program or have

used a 3D printer before, trust themselves to be able to grasp the use quickly.
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[ think I have the necessary knowledge to be able to
use a 3D food printer.

0,
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Figure 4.1 : A bar graph showing necessary knowledge to use a 3D food printer.

[ have resources such as a smart phone, tablet or
computer to use a 3D food printer and basic
information to use one of these devices.
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Figure 4.2 : A bar graph showing resources to use 3D food printer.

As seen in the graph (Figure 4.3), 48% of the participants do not favor the idea of
starting to use a new product for themselves without a guide such as a user manual.
Participant’s rate who neither agree nor disagree to "l can start using food printing
without guidance™ is 24%.

It can be said that those who have received professional training or have experience in

modeling or similar technologies consider themselves more competent in using food

printers. However, despite her lack of experience, P6 says “I think I have the necessary
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[ can start using a 3D food printer without the need
for an instruction manual.
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25.0% 28
20.0% 21
15.0%
13
10.0%
5.0% -
0.0%
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Figure 4.1 : A bar graph showing need of instruction to use 3D food printer.

knowledge. | may need the user manual from time to time. We can handle this as we
are already in the age of technology.” She thinks she can use it on her own, even if she
needs to be directed rarely. In this statement, the participant states that we are in a
period where we encounter many new technologies every day. In addition, although
they do not know modeling, there are users who think that they will learn to use the
product with supports such as instructions and booklets when they buy it. For example,
P8 says "If someone gives a directive, | can use it. | can't code or model, but if they
give me a user manual booklet, I will learn and use it. Modeling etc. is not my field of
interest.” However, the same person states that people's reactions and financial
situation may prevent them from using this product. In addition, many participants

have questions about accessing cartridges, preparing, or finding ingredients.

Among the responses from the participants, there are also those who are worried
because they do not know what to do when the appliance breaks down, whom to
contact or how to fix it themselves. P5, who is from generation Z, worries about that
and says “My concern depends on what I will need. What will I do if it doesn’t work?

Who will I apply to repair it? How can I fix it myself?”

P4 who had culinary training said, “I don't know how to design, I can't design in 3D.”
says. It can be said that although the participant has a good command of the cooking

process, he needs support regarding modeling and appliance use. On the contrary, P3
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is an experienced user of 3D printers but has concerns on preparation ingredients and

differences of food printing. He explains that:
“I have no barriers to using it. Since | use a 3D printer, | am in control of the process. But |
would like to learn the material well. What will I put in it? Just serving the food in a standard
container. It can be a short promotional video or a booklet before it.”

In addition, P2 whose husband and herself can do 3D modeling and own a 3D printing

machine considers herself lucky to be able to use this appliance. She says;
“I can bake what is printed in the kitchen in the oven. I also have kitchen utensils, but it should
be explained in an enlightening way that you can get the materials from here, that is how the
appliance is cleaned. When I first bought it If I am using a product for the first time, | read the
user manual. If I've used it before, | wouldn't look if I'm familiar with it. For example, when |
bought a food processor, | read the manual. | will definitely check the manual for this product.
Maybe I'll watch some videos.”

In addition to the user manual, the demand for video narration content stands out

among the participants.

Although there was no specific question about price in the survey, many participants
during the interview stated that they thought that the price of the 3D food printer would
not be suitable for their budget when it first came out, but they could buy it after it
became widespread, in response to various questions. P1 explains his concerns on
using the appliance as “Access to the cartridges and the price may prevent me from

using them in their current form.”

The participants were asked about the obstacles that prevent the consumption of food
coming out of this appliance, it was seen that they were open and willing to try, they
had the necessary kitchen skills, and it was learned that the tools could be used with
the appliance. However, they stated that there are other obstacles in front of them to
buy or use. Participants 2, 4, 7 and 10 said that they did not know exactly what the
requirements were. There were participants who asked questions about the
requirements, could not clarify their opinion, or answer conditional because they could
not predict the process without using it clearly. P10 says, “I can't say anything until I
try, | want to try it first. But I'm open to trying. The taste should convince me before I
buy it.” She states her bias on the ready to use supplied ingredient:

“I can buy the ingredients, but what comes out of the industrially produced content is important.

Let's say I threw broccoli in it, I know the nutritive value. It's thought-provoking to put the
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mass-produced content and eat the printout. It is more convenient to prepare it with the product

at home and eat the printout but taking the content from outside is confusing for me.”
Although P9 doesn't see his current ability and knowledge to use the product enough,
he has self-reliance to learn necessary skills. "Since | know how to use a printer to
print objects, | think I will be able to adapt to food. | can also learn to prepare cartridges

as ingredients."

P4 says “I don't know how to make ingredients ecither. I am dependent on the
manufacturer of the appliance. But if we can do it with a simple blender, why not? If
there is a recipe, I can make it myself.” says. He also mentions possible concerns:
“If T were a normal person, I would keep a distance from these. But I also know molecular
cuisine and | consume it. It is necessary to look at the ingredients and print out rather than the
machine. There is agar agar, for example, binding, | know it is herbal. But for someone who
does not know it is strange.”
P6 who is a dietitian looks from another perspective to food supply and expresses
herself:
“This was my first thought when I first heard of this appliance. We may be biased when it
comes to 3-dimensional food, but after watching the video, | see that we have a recipe, we add
the nutrients, and it gives us the product in the model we want. We can observe the process. |
don't mind if we get what we put in. | would pay attention to the contents of the cartridge |

supply from outside. I would read the contents of the cartridge and | don't want to use it if there

is anything troublesome."

4.2 Social Influence

47.3% of the survey participants stated that they would be welcomed positively by the
people around them when they used a 3D food printer (Figure 4.4). Although this rate
is fairly higher than those who think that they will not respond positively (24.8%),
27.9% of the participants gave the answer neither agree nor disagree to this question

intensively.
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People in my social circle welcome my use of a 3D
food printer.
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Figure 4.4 : A bar graph showing social circle attitude to use of 3D food printer.

As seen in Figure 4.5, those who agree with the statement "I will be a pioneer in
promoting this technology in my social circle to use a 3D food printer” correspond to
35.7% of the participants. Moreover, 30.2% of the participants say they absolutely
agree. Only 16.3% of the participants rejected the statement by saying that they do not

agree and strongly disagree.

Using a 3D food printer makes my social circle see
me as "closely related to technology".

50.0%

40.0%

57
39
30.0%
20.0%
15 12
0.00, TN
1 2 3 4 5

Answers of Participants

Percentage of Answers

1:Strongly Disagree 2:Disagree 3:Neutral 4:Agree 5:Strongly Agree

Figure 4.2 : A bar graph showing being pioneer for recognition of 3D food printer.

Most of the participants, 74,6% as seen in the graph (Figure 4.6), think that they would
be seen as closely related with technology when they use 3DFP.
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Using a 3D food printer makes my social circle see
me as "closely related to technology".
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Figure 4.3 : A bar graph showing social circle attitude regarding its relationship with
technology.

Only 5.4% of the 129 participants think that using a 3D food printer will negatively
affect their social relations (Figure 4.7). By a large margin, participants agree that it
will not adversely affect them. 89.2% of the respondents who gave the answer strongly

agree and agree.

Using a 3D food printer does not negatively affect my
social relationships.
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Figure 4.4 : A bar graph showing the effects of 3D food printing in the social circle.

In the interview there are some participants who say that they can be found strange by
some people around them. On the contrary some of them claim that their social circle
will accept them easily. For instance, P3 states that some of the people around it will
be prejudiced against the food produced with a 3D food printer:
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"They do not look very warm. It is not welcome in my family. They say that | eat dirty food."
P4, on the other hand, exemplifies the reactions of those around him who are not open to

innovation, "Are you weird? Is it normal?".

He says he can be excluded from his environment. On the other hand, P6 does not
think that the people around her will react negatively because he will associate it with
her profession. She says "I don't think they will react negatively. They may find it
strange the first time they see it. They don't think negatively about my use because |
work on nutrition." P7 reveals her expectation as: “They may find my use strange at
first, but they say this woman is trying something again. Then they get used to it and

don't show much reaction.” Moreover, she talks about her similar experience:

“When I bought a robot vacuum cleaner, it was a new product for my environment. At first,
some saw it as unnecessary, they thought it was a simple product. But then when they saw it
from me and saw that it was useful, when I suggested it, they wanted to buy it t0o.”
With the questions asked in the semi-structured interview (Figure B.2), it was
questioned who could use this product for the first time in their environment and its

effect on their decision to use it.

In addition, when asked who will be affected by using this product, the answers are
quite varied. While some users said that seeing them in advertisements would be
effective, others stated that they were not affected by the advertisements and that they
could only rely on the experience of someone who uses them. P6 “Advertisements,
influencers do not impress me much. I may have relatives who bought it and used it. |
may have dietitians who use it for health reasons.” she said. However, PS5 said:

"Ads, people around me, but mostly advertising companies. If they are very popular in

environments such as TV and social media, | will be influenced. If a detailed revised and

analyzed version comes before me... | can be persuaded by others, but mostly advertisements”

With these questions, both the ideas of others about their own use and the importance
of this for them, as well as the characteristics of individuals around them as potential
users of this technology were investigated. P2, a 27-year-old participant, who studied
industrial design and works as a user experience designer, explains her thoughts as:
“It is consumed by innovative people like my colleagues, our generation, my husband, our

friends. If | was the first to use it, the girls at our company would come to see it and ask for a

photo or video of it.”

P2 described the reactions of those around her about using 3DFP as follows:
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“My mother and grandmother have difficulty in understanding, hesitate, do not like to try new
things and see it as unnecessary. Someone needs to explain, or you will go and cook, you will
tell and show them, they will hardly be convinced. They would say not to use it because it has
low nutritional value. My father wouldn’t like it either, as he is very against technological
things. He would look for a pot of food.”

To the participant, who said that her parents would be reactive, when asked, "If you

had a 3D food printer in your kitchen, who would you invite as guests and what would

you offer them?" She replied as:
“If I were to invite guests, I would make a printed dish. | used different meats. If the people |
invite are on a diet, | would do this for you by tweaking the ingredients and customizing the
same dish just because | did this for you. | would definitely try dessert using parametric design
or something. | would call my college friends or my parents. My friends like these things, it
would be fun between us. | would call someone who would be curious, have a clear vision, and
would like to try. My parents would also come out of curiosity, but I don't know if they would
eatit."

There are people around her who have different personalities, ages and socio-cultural

backgrounds and have different views. However, the fact that they will show different

reactions does not prevent him from using or acquiring the product. Moreover, he

states that even if they do not support it, they will also be curious and want to see it.

P3, who has a regular sports habit and an accompanying diet, states that the sports
coach can encourage him to use this technology and says:

“My mother wouldn't try. She is distant from such things. Even if it tastes very good, it cannot

be tried if it is a little artificial, which is sold in that market. She has prejudice. But my siblings

try. Since they are the Z generation, they are curious about new things. They can try first.”
However, he states that their interest will not motivate him to buy. He says that he will
not invite his middle and old aged relatives as guests, and even when they come, he
will cover the product and not want it to attract attention. However, he states that he
wants to invite his peers of his age and make a show with the presentation he prepared.
He states that his friends will not think that this product is unnecessary, and that he can
even print funny shapes so that they can have a conversation. P7 says that she will
invite her close acquaintances to dinner and wants to make cakes designed according
to their personalities and interests:

"Different appearances of the same dessert. If someone is about football, for example, a cake

designed for football. Or personalized salads or appetizers, | would do things that would stay

at the table throughout the meal and make the table look good.”
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P9 states that advertisements can guide him and make him believe in the practicality
of the product. She says that if a reliable big brand puts this technological product on
the market, it will be convinced that the product is accessible, its problems have been
solved, tests have been made and that it can be used. The participant, who says that the
product will remain "science fiction" for his parents, states that if he uses it first, he

can prevent them from being strange by introducing it to the people around him.

Participants are willing to buy the product after trying it in a restaurant or at the home
of a friend who uses it, or when they hear positive comments from people who use it.
They are influenced by their environment, but the fact that they will be found strange

by a group does not prevent them from using it.

4.3 Effort Expectancy

Effort expectancy is about the positive value of the system, how easy and effortless it
is for users to use it. In the survey, respondents were asked to rate the ease of modeling
and printing, and the ease of setting up the printer according to a recipe in an online
program. The rate of those who say that they do not think that it will be difficult to
create a model and print is 41.9%. As can be seen in Figure 4.8, the rate of participants

from strongly agree to strongly disagree has gradually decreased.

[ don't think it would be difficult for me to create a
3D model and print from a printer.
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Figure 4.5 : A bar graph showing easiness of creating model and printing.

As can be seen in the graph (Figure 4.9), most of the respondents, 50.4%, stated that it
would be easy to make print settings according to the recipe given in an online

application, and 37.2% said it would be easy. Those who strongly disagree with this
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statement make up only 0.1% of the group. In this case, it can be said that the users'

effort expectancy for 3DFP is positive based on the survey results.

[ think it would be easy for me to adjust the print
settings of the printer according to the recipe given
via an online application.
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Figure 4.6 : A bar graph showing easiness of setting print in online application.

Similarly with the other results become intense on the positive parts of the graph. As
seen in the graph (Figure 4.10) on this topic participants believe that they can handle
the issues on preparing ingredients with necessary form and according to the recipe.
According to graphs, preparing ingredients is perceived as slightly difficult from
modeling and setting the print steps. The ratio of those who say “neither agree nor

disagree” is 23,3% which is higher than other graphs on effort expectancy issue.

[ do not think that I will have difficulty in preparing
the ingredients in the consistency required for
printing and according to the recipe.
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Figure 4.7 : A bar graph showing easiness of preparing ingredients.
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In the interview, participants were asked to compare the traditional cooking method
with the 3DFP method in terms of ease and difficulties. Some of the potential users
believe that 3DFP can reduce the waste of time. P6 says:
"After putting the product in this appliance, it will turn it into a dish with a fancy presentation.
I will save time. At that time, | can make another stage of another dish. Also, If the cooking
part is included in this technology, we will get rid of the problems of undercooking and
overcooking. In traditional methods, we do it (control) in our own way, like tasting while
cooking."
She also mentions that 3DFP can cook the food more precisely. Moreover, P10 says,
"If I'm living alone or doing it for my small family, | may save time. Maybe I'll start it
from my mobile phone before | get home. It simplifies processes. But in terms of taste,
it would take time to get close to what people are doing today. It won't force me if I've
been trained in the first place.” She was concerned about the taste issue of the printed
food.

In addition, P8, expresses herself with these sentences:

"It's hard if you have to sit and model (the food). In the other (traditional culinary) you just use
your hand. | need to use my mind on the printer. Modeling is tricky. | don't want to produce
ordinary foods with ready-made models. If | have a product, | would like to use my own
creativity."
She states that she would like to print personalized and creative foods and explains
that modeling can be more difficult than traditional culinary, as it requires cognitive
skill and effort.

From another perspective, P5 and P11 assert that cooking is a loveable process. P5
says "There is not much benefit other than preparing the materials. Other parts are fun.
It is a pleasure for those who cook on special occasions. | don't want to be saved. |
would like to do the presentation myself.” He doesn't want to leave the whole process
entirely to the appliance because he worries that the machine will be talked about all
evening. P1 says:

"With my dream appliance, | won't have to go to the restaurant to eat. But the cartridge will be

hard to find. Very good if it will be available. All I need is to find a quality, essential cartridge.

Maybe it will be difficult to find the cartridge and not be able to supply it and we will need to
prepare it at home."
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He concerns supplying or preparing the ingredient. Moreover, it can be understood that

the abilities of 3DFP affects his effort expectancy.

Similarly, the general comment of the other participants is that they are not sure which
stages the appliance can meet in the cooking process. The samples of 3D food printers
in the market today also have different characteristics and the types of food they are
oriented towards. For this reason, the participants thought about their expectations and
the product they dreamed of while answering. P1 complains about the time constraint
and conveys his expectation as follows: "I cook the main dish. It cooks the rice. | wish
| could put the onion, eggplant, etc., and it would give me the dish. It is a dream in this

era to expect an educated person to cook every day."

P8 talks about the use of resources that it doesn't normally consume as content and
explains his expectations from the appliance as follows: "I would like it to do the
cooking, peeling and chopping stages. Let's just put the ingredients, prepare that
(3DFP) cartridge, then take it out and cook it. Square-shaped soup... Let me put an
insect in, take out that hot cookie.” P4 expresses his expectations about what stages
this appliance can cover in the kitchen, saying, "If the pots and pans are going to be
heat treated, you seem to give up on the whole kitchen. Except for the refrigerator.”
P2, on the other hand, says that her expectation will depend on the use and form of the
ingredient, and exemplifies: "If micver (vegetable patty) is sold, I will get rid of
chopping, whisking, and straining. If I am going to make a cake, for example, without
whisking. I don't know how it is right now, but I can get rid of the mixer, strainer and

chopping.”

The preparation of the contents was evaluated as the most difficult step in both 3DFP
and traditional methods. While some of the participants want the appliance to perform

all the operations, some consider preparing food as a fun and therapeutic process.

4.4 Performance Expectancy

As seen in the graph (Figure 4.11), the answers of the participants focused on "neither
agree nor disagree” (39.5%), and the intensity is very similarly distributed between
agree and disagree. This distribution can be interpreted as they have difficulty in
comparing with other methods, they use today in terms of usefulness for an appliance

that they have not used yet. Therefore, we can assert that they remain undecided.
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[ think that the 3D food printer is more useful than
other food preparation methods I use in my daily life.
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Figure 4.8 : A bar graph showing usefulness of 3D food printer.

When we look at Figure 4.12, the rate of those who think that 3DFP will speed up the
cooking process is 27.9%, the rate of those who strongly agree that it will speed up is
17.1%. The percentage of the total participants who think negatively about
accelerating is 40%. Although this graph reveals the idea that it will accelerate the
distribution, it is seen that the participants are not sure about this situation. P3 explains
the possible impact of using 3DFP on his daily life as follows:
“If there is a wide variety in the main material and I change the hopper in one machine and
print chocolate that day, | change the hopper in the morning and print something for breakfast.
I'll take a shake with me. The opportunity to do different things without much effort motivates
me. It saves time. After pressing the button, I will continue my normal life, since I will not be
waiting for it.”
As can be seen in the chart in Figure 4.13 25.6% of the participants do not think that
they will cook more successfully with 3DFP. However, most (38%) abstain from this
issue. When we look at the answers to the related question in the interviews, it is seen
that the participants have difficulty in making comments without trying the taste of the
food. Rather than producing the current food better, the P8 expectation dreams of
obtaining new foods through this appliance: "I would like to make shaped fruits and
such. It tastes different, looks different. I would like to produce something that doesn't

exist right now. New things that I can't go and buy and eat."
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[ think a 3D food printer will speed up the cooking
process (material supply, preparation, cooking).
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Figure 4.9 : A bar graph showing participants attitude on speed of 3D food printer.
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Figure 4.10 : A bar graph showing the success of cooking with a 3D food printer in
participants' expectation.

Considering the performance of 3DFP technology, it has a system that promises many
benefits to its users. Determining which of these benefits will create value for users is
very important for widespread use. From this point of view, in the interviews
participants were asked about the potential uses and benefits, which are valuable to
them. P7, who is a kindergarten teacher and mother of a 5 years old boy, appreciates
all of the benefits but focuses on using 3DFP for creating attractive food for children.
She says:

"It can be used in kindergartens, primary school cafeterias. It can be used in dishes chosen by

children, such as cheese and broccoli, and vegetables. It can convince me that it will speed up

and bring practicality to buy it for my home. | would like it to shorten the preparation process."
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P5 says, "People who need to follow a special diet may use the printer, lactose
intolerant, celiac, pregnant, elderly, bodybuilders. It can be beneficial for scrutinized
people. It can save money, meat companies too. Veganism becomes a necessity.” She
said: "It has come to fruition," and summarizes the factors that will lead her to use this
appliance for herself: "The need for a faster and healthier meal instead of fast food in
time and busy life can convince me.” From a similar perspective, stating that she
doesn't like vegetables and does not prefer to consume them, P2 says:

“...that's why I always have a vitamin deficiency, I don't like legumes or anything. I have a B12

and iron mineral deficiency, but | would appreciate it if it blended vitamins with the things |

love. For example, | eat chocolate, but it has iron in it. | always must take supplements. It can

also be useful for those who want to lose weight or for children. Children generally reject eating
things that don't look pretty. For example, they dilute it and feed it puree to babies. It can be

beneficial for people who have babies and elderly patients.”

She adds “It is important to save time and practicality.” She states that she is confused

on what to expect from 3D food printers with current abilities. She says:
"My satisfaction depends on its content. It seems like anything can be done if even meat can
be processed. Let's say a bread is going to be made, the ingredients are mixed and fermented.
Every food process is different. | think food produced with 3DFP will be limited at first. There
will probably be simple two-three-ingredient products. For example, it is taken from there and
fried. It doesn't feel like we can print out and eat everything from this product. We include it
in the process, maybe we can put the food that comes out of there into another meal/process."

She doesn't see the printer as competent to involve all food types. She conditions

expanding abilities for willing to use this product.

From another perspective P6 focuses on achieving the food for an attractive
presentation of the meal "Especially presentation. Because I'm far from presentation.
I can also buy it to improve my food choices or for my patients.” Since she is a dietitian,
her attitude to food technologies is more professional. When the issue comes to design
and shape of food it is observed that participants relate this technology to dessert

production.

Another issue that attracts the attention of the participants is that solutions that will
solve the world's meat production and consumption problems such as vegan meat

production and bioprinting become accessible with this technology.
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There are two contrary perspectives on this issue among participants. Some
participants support and accept the use of 3D food printer as a supplier of meat
consumption. P10 says “Vegan meat production can convince me to buy a printer.
Production will be easy, and it won't make me think it will damage the world." On the
contrary some participants think that society is not ready to consume the meat
produced in this way. P9 expresses his opinion on the issue with these sentences:

"I don't want the meat produced there. | prefer things that will be produced with more

vegetables. | will appreciate mixing a few things and obtain something that | know both its

taste and nutritional value. | don't prefer to get meat from this appliance anyway. | think there

are many years for a meat production machine. It's not accessible for now. My life may not be

enough.”

4.5 Hedonistic Motivation

Role of intrinsic benefits in accelerating individuals' intention to accept systems have
been studied in this research with related questions (Figure A.1l). Majority of the
participants (75,2%) stated that they would enjoy modeling their food to print. Only
7% of them rejected this idea as seen in Figure 4.14.

It would be fun to model my food to 3D print it.
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Figure 4.11 : A bar graph showing enjoyment of modeling for 3D food printer.

Moreover, in the survey, participants were asked to evaluate that obtaining the food
they designed the model is enjoyable. Figure 4.15 presents that 46,5% of the
participants definitely agree with this statement. Moreover, 36,4% of them indicate

their agreement. Only 7% of participants reject the idea in total.
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Lastly, “I enjoy eating 3D printed food” statement evaluated by participants to
determine hedonistic motivation. As seen in the graph (Figure 4.16) there is an upward
curve in terms of agreement and number of participants. Majority of the participants
agree with the idea. Their feelings and thoughts are tried to figure out deeply with the
interview questions on owning and using a 3D food printer and consuming the food

produced by it.

It would be fun to get foods that I designed myself.
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Figure 4.12 : A bar graph showing enjoyment of getting 3D printed food.

[ find it fun to eat food produced with 3D printing.
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Figure 4.13 : A bar graph showing enjoyment of eating 3D printed food.

In the interview, feelings, and thoughts of people about using this appliance are
examined. P1, determines how he feels when buy and uses this technology as
“Wealthy, saved time, happy.” He states that he does not need to go somewhere else
to eat as the reason for these feelings. Moreover, P3 finds it cool using this kind of

technologic and unknown appliance for others. He also mentions some conditions on

54



his feelings: "If it tastes good, it's cool." He narrates his cool usage story as "I'm at
work. | press start on the phone. That pressure is starting. If there are colleges next to

me, | would tell them about my appliance.”

P6 states that her feelings may change over time:

“I feel strange at first, but it becomes normal as I get used to it. Where I will use it is important,
maybe it will become indispensable. Especially the thought of saving time may be to make it
easier for people who have no practice in cooking, but for me, the form of the food is
interesting.”
On the other hand, P5 prefers to use this appliance only when she does not want to
cook or if it is necessary. Because she enjoys cooking in a traditional way. She also
gives an example of a ready to use cake mix brand which has been unsuccessful when
users only must add water to make cake. Then the brand changes its strategy in a way
that users participate more in the process. She explains:

"When the number of materials to be added by the user and their effort were increased, people
bought it. 3DFP wouldn't be something | would use daily. However, | find it interesting for
some benefits such as saving time and effort and offering healthy choices.”

Moreover P9, defines cooking as therapy and an enjoyable part of his daily life if he
has time. However, he says if he has a 3D food printer, he would feel updated and

consider himself to keep up with the technology.

Secondly, the following question was formulated to get insights on hedonistic
motivations: How would you feel when you consumed the food produced in a 3D food
printer? P8 explains that the most important thing for her is the taste of the food: "If it
tastes good, | will eat it with pleasure. | will also eat things with good visuals, but |
will not eat it if | don't like the taste just because it is high in protein or nutritious."”
However, some participants look from a more pragmatic way. For example, P9
expresses that he attaches importance to potential ecological benefits of this
technology, and he believes it may serve him more fertile opportunities in the kitchen.
He told that:

"If it throws things away and makes them waste less, it will be pleasing. | would feel

environmentally friendly. If the appliance is smart and tells me to print food containing broccoli

which expires soon that would be nice. Moreover, it may serve me meals with parts of

vegetables that | normally can't consume."
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For P4, his feelings depend on the food's properties: "It depends on what kind of
product comes out; its texture, taste. It's what I'm going to eat that will most likely be

homogeneous. That homogeneity may not be satisfactory for me."

4.6 Behavioral Intention

Behavioral intention is an individual's readiness to perform a given behavior. In the
survey two questions were asked to evaluate motivations of participants to use 3DFP

technology in the future.

As seen in the graph (Figure 4.17), the participants who do not think that they will use
a food printer in the future make up 28% of them. However, a total of 50.4%

participants state that they will use it.

[ think [ will use a 3D food printer in the future.
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Figure 4.14 : A bar graph showing intention to use 3D food printer in the future.

Looking at the results of the survey, it is seen that the number of participants who want
to try the 3D food printer is high if they have access, that is, when they come across
an accessible product (Figure 4.18). Only 9.3% stated that they did not want to try even
if they had access. As high as 40.3% of the participants said that they would definitely

want to.

When asked about future use cases, they predicted that the price of the appliance would
be high for them. For example, P2 says, "We'll see how much it sells for when it comes
out, whether we can buy the ingredients. Maybe we don't have a budget when it first

comes out, but later, it will be affordable, and I think it will be in every house.”
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I would like to use a 3D food printer if I have access.
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Figure 4.15 : A bar graph showing intention to use 3D food printer when it becomes
accessible.

P1 says it will look at the price performance ratio:

"l can buy price/performance and functionality if it shortens meal preparation time. If | can

produce food suitable for my weekly diet. | am an innovative person; | would like to try and

test it. Whether it is healthy to use it worries people. I will be sure by seeing and tasting. If

there are workshops, | would like to start with them. Taste, I'd see what's in it and try it."
Although the general thought of the P5 is positive, it is possible to say that she has
concerns both in terms of efficiency and price:

"Not a bad idea. Life will get more intense. It will be difficult to find time. It's better than being

eaten from the outside. But it is economical, time depends on situations. How often can | use

it, and how long does it take?"
Similar concerns and perspectives were seen in P4's statements:

"l am open to use; | like different things. | would like to buy the technology to examine it
because | am curious about the product to be released. I probably don't have enough money.

Also, what will the nutritional value of the products they produce be?"
There are different viewpoints as well. For example, P9 says:

"I don't think it can ever enter my house, but I can buy it at a point where its abilities develop.
It is not just for printing shapes, but when it is switched to a system like the Nespresso brand
in the supply of capsules, when it is preserved and used for a longer time."
Nespresso as a well-known coffee brand has been given as an example several times
in the interview from different users. Its supply chain is wide, and people appreciate

their variety. P6 said:
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"I don't prefer it right away at the first stage because | like to cook. I like to be at every stage,
but I don't know what the future will show. We are in the age of technology; | can think of

practicality and attractive food presentation."

Moreover, being in the age of technology has been mentioned several times during the
interviews. In this period, it has become normal for the participants to encounter new

technologies and adapt them to their lives.

Respondents were asked whether this product will be more common in professional
kitchens or homes in the future. All the participants said that they thought it would
become widespread in professional kitchens first. P10 said:
"It will be more common in professional kitchens at the initial stage. It also has the seller market
it as a product in a restaurant or cafe. It is used as a marketing strategy. | think I'll try the food
there, if I like the taste, then I'll buy it at home."
P7, similarly, the same dish served in professional kitchens with a large number in the
same design. She states that it will provide more efficiency there and says, "If it
becomes widespread in a year in professional kitchens, it will take 10 years at home."
P4 says:
“It is used more in luxury restaurants. The difference in the first stage of the thing to be printed

is its shape. You can customize the image. Upscale restaurants are where visuals are important.

Then it can be for the home when it is accepted by the society.”
He adds his opinions on the future of 3DFP:

“The scarcity of some resources (like water) will affect our lives and we will turn to alternative
food sources. There won't be enough meat. In this way, this product will also reach homes if

needed. The first product to be released is tested and a home model is also launched.”

Moreover, P8 states her concerns about the future and mentions some situations which

encourage her to buy a 3D food printer:

“Maybe in the future I can use it to shape things like chocolate. I can calculate the proportions
of nutrients and already make a chart; | can arrange a child's nutrition. | make sure that it is a
kind of protein and a kind of carbohydrate. | have such awareness because | am a nurse, but if
I had a child with special needs, | could have it. Maybe for them mineral calorie calculation
can be taken because it will be more precise. Apart from that, it can be used when we cannot
eat animal meat in the future, when we need to eat insects, when we need to find another protein
source because there are problems in the production of animals. | don't want to take insects at
home and bring them back to that form, but | can eat them when | don't see them. I can eat

insect-containing food with the cartridge ready.”
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P6 looks from a professional perspective to its usage areas:

“I can take it to improve my food preferences and make the recipe original and upset what I
eat in terms of balanced nutrition. It can be considered for my patients to try this technology
in line with the field | work in (dietary). It may become widespread in restaurants that make
hotel-style mass meals. Since the first thing it reminds me of is the presentation, there are hotels
that want it. It can even reduce the number of employees. Such technologies can be expensive
at first. For example, when dough machines first came out, there weren't many in the houses.

This is common in professional kitchens and then in homes.”
P4 explains his opinion on its potential use as follows:

"In vegan and vegetarian products. Because those who reach this tool can also reach the meat.
They must have a more refined diet/need. For example, a person who gets allergic when he
eats something made in the same kitchen with peanuts, can get this product.”
P3, on the other hand, does not think that he needs this product at home and states that
he can go and consume it in restaurants, and that he will enjoy the meal with an
excellent design that comes to him there. He explains that:
"When | just looked at it as shaped food, I didn't know why | would put it somewhere in my
house and take up space. But | thought it might be different if the food will be produced in a
short time and its content will be something special. | stay away from the use of supplements

and protein powder, too. Is the food that comes out really reliable? What brand does it use? It

needs to build trust.”
He also expresses his reservations about the form of the food:

“I was not attracted to pureeing the material and loading it into the tank. I know what chocolate
is. But I didn't like the idea of printing out a mixed puree like sausage. | wouldn't hesitate to do
something that is not a mixture, which I know in its main form. They mix everything and make

it like soup for babies. They don't seem palatable.”

4.7 Trust

Confidence in the appliance and the food produced seems to be essential for the
acceptability of a food technology. In the survey, one question was asked each to
measure the confidence in the appliance and the food. The graph (Figure 4.19) shows
that 34,1% of the participants express that they neither agree nor disagree with the
statement of “I trust 3D food printers to produce healthy food”. However, the ratio of
the participants who reveal their agreement, which is 44,2%, is higher than the ones

who disagree.
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[ trust the 3D food printer to produce healthy meals.
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Figure 4.16 : A bar graph showing trust for producing healthy food with 3D food
printer.

As seen in Figure 4.20, according to the survey results, the opinions of the participants
about the expression "I trust the output” are concentrated on the option "neither agree

nor disagree".

[ think that delicious food will be produced in a 3D
food printer.
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Figure 4.17 : A bar graph showing trust for producing delicious food with 3D food
printer.

Furthermore, Figure 4.21 shows that approximately 50% of participants say they trust
this appliance to produce food correctly even if they do not see the process. On the

contrary 17% of them contradict this statement.
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Although I do not see the printing process, I trust
that the 3D food printer is doing the food production
process correctly.
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Figure 4.18 : A bar chart showing confidence that a 3D food printer will work as
expected.

Lastly, as seen in Figure 4.22 approximately 40% of participants think that this
appliance does not cause home accidents even if they are not sure about it. Moreover,
19,4% of them are sure that it does not cause home accidents. On the other hand, 21,7%

of them disagree with this opinion in total.

I do not think that 3D food writing technology will
cause home accidents.
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Figure 4.19 : A bar chart showing trust to safety of 3D food printer.

In the interviews, some participants stated that they needed to get to know the
appliance more and taste the food in order to feel confident. P1 lists his conditions for
trust as follows:

"l buy it to try, but | don't trust the output at first. | wonder what it will be like. How is the

cleaning, material, heater of those pipes? Will it have a carcinogenic effect? Health issues will
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be the priority, and secondly, the religion of the food used in this country. whether it conforms
to sensitivities."
While P7 stated that she is paying attention to the content of the food she consumes,
she said that she will look at what they put in before purchasing the cartridges that she

will use with this product.

P10, on the other hand, says that she has reservations about the nutritional values of
the food obtained as the output:
“I'm sure it brings out very good things from the form. It feels like a shape-focused product.
There is concern about the loss of nutritional value and the nutritional value reliability of those
taken from outside becomes a question mark. What matters is the nutritional value and the
absence of chemicals.”
When the participant evaluates the examples she sees, she trusts that the form of the
food will come out as designed and evaluates the product as focused on form studies.
However, she says that the health and safety of the food is due to the additives and the
loss of nutritional value during production, especially if it is a ready-made cartridge.
Similarly, P2 said:
"I would like information on how the company's ingredients were created. It should be written
on the product. There should be a video of the production process. | would like data that there

is nothing that will negatively affect my health. | would like information on what they add so

that it has a long life."
From another point of view, P4 expresses his ideas as:

"If it came to me, it probably passed a lot of testing. If the brand is launched from a big
company, | trust it, but if it's a startup, | don't. Is human interaction tested? Local companies

don't do that because nobody cares about R&D."

He associates his trust with the company which launches the 3D food printer.

With the technology's abilities another issue occurs according to P9. He says:

“From what I've read, it's already reliable enough, but what surprises me is to eat something in
the form of something else. Cube-shaped fish, for example. It confuses me that the form is
different from its content. It sounds strange. Other than that, of course I trust this technology."
A food is associated with its taste, color, shape, smell. From this point of view, while
the different shape specified for insect consumption is considered positive, this may

be a concern for some of the user.
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5. CONCLUSION

The aim of this thesis study is to define the factors affecting the user acceptance of 3D
food printing technology in the home environment. Since there is no specific model
for an appliance that has not been experienced with the study, current acceptance
models are analyzed in terms of their applicability and application areas. The results
are valuable in that they can be evaluated in this technology as a theoretical scope that

contributes to further research rather than design practice of an appliance.

In order to understand the factors affecting the acceptance of 3D food printing
technology by the user, an exploratory research study was conducted. It is expected
that this thesis will contribute to food design, technology acceptance and their

connection with 3D food printing by providing a basis for further research.

In this study, a survey consisting of open-ended questions and Likert scale questions
was answered by 129 participants. A semi-structured interview was conducted with 10
of these participants. With this research, the acceptability of 3DFP technology in the
home environment in terms of printer and printed food was investigated, and unlike
the examples in the literature, this research and analysis was associated with food
design. An adapted version of the UTAUT2 model was used for this. Moderating
variables in the UTAUT model; age and gender is not considered in this research
because of the lack of variety of respondents. Voluntariness is also invalid for this
research. Because in this study personal invention of users has been examined and
there is not a mandatory situation. In the analysis phase, grouping was made under the
determined categories of the model. The graphs in the survey results (Figures 4.1-
4.22) and the interview outputs were compared and the hypotheses and research
questions were evaluated with the findings. Participants stated that their social circles
may express different views on the use of this appliance and the consumption of
printed foods. It was stated that although they will receive both positive and negative
feedback, neither situation will affect the participant's decision to purchase and use
this product. The participants said that the appliance should add practicality and time
to their lives, but that they can decide to buy this appliance when they need it and they
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would like to try the food in a restaurant before taking it home. Some users stated that
it would be effective to try it at someone else's home or to hear positive comments
from someone who uses it. A dietitian participant, who evaluates it from a professional
point of view, states that this technology will be useful for patients and users with
special needs in environments such as hospitals, while seeing the use of this technology
for home decoration purposes. Personalized food attracts the attention of the
participants, and they see this feature as a means of entertainment. The survey and
interview results show that consuming a designed food and its customizability attracts
attention. Although the participants do not have experience in modeling or using a 3D
printer, it can be said that they believe that they will be able to use this appliance with
some guidance and instruction when it is released. They stated that they encounter a
new technological product and experience every day and are open to learning, but this
result may be related to the participant profile and different results may emerge when
the research is expanded with a larger group. Although some users complain that they
can't find time to cook, and instead of ordering food, they stated that it would be
advantageous to save time and reach healthy food by using this appliance, but some
users described the cooking experience as therapy and stated that it was a relaxing and
enjoyable activity. However, they said that they could use this technological product
as an auxiliary kitchen tool, and they would not want it to carry out the whole process.
Some of the users think that their budget will not be enough to buy the appliance when
it is released, and they say that they can only get it when it becomes widespread and
the price drops. Another point that the participants stated about the characteristics is
the importance of the taste of the food. No matter how good the form is, there were
users who stated that they would not continue to use it if they did not like its taste.
Concerns about the taste and texture of the food produced with this appliance were at
the forefront in the discourses of the participants. When it comes to meat production,
it can be said that it motivates users because it makes them feel useful to the world for

some users. However, the quality and price of the food was considered important.

From the perspective of some users, the biggest benefit of a new product is the
practicality and time gained through its use. For some, the greatest benefit is that it
makes it possible to consume food without harming the environment. For some
participants, making their presentations more effective was considered an important

benefit. Although not in terms of hardware, it can be said that the participants had
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difficulty in assessing whether they were sufficient to use this appliance because they

did not recognize the appliance.

Regarding efficiency expectancy, some of the participants thought that this product
would save them time. However, there is a prevailing opinion that experience will
affect this view and that technological capability will be effective in terms of time and
effort. Efficiency may vary depending on how the technology is implemented, how it

is served to the user, and the design of the product, interfaces, supply system.

Another issue on which the participants disagreed is performance expectancy. It has
been observed that users have concerns about the quality, taste, and texture of the
product to be printed. It was also stated that the ingredient preparation process can be
challenging. However, hedonistic motivations were found to be high. Although it is
not under construction, it can be said that the thought of consuming personal and
specially designed foods motivates them. However, this motivation is not enough for
some participants to buy the appliance. They were told that to buy an appliance they
believe it is necessary to meet their needs first or having strong references for that
appliance would be effective. Regarding trust, it was seen that the participants would
be cautious about the purchased ingredient. Although the participants think that this
appliance will work correctly and be strong in printing the designed food, they have
concerns such as the materials from which the ingredients are made, the method of
production, storage conditions and access to them. With the developments in the food
sector and the increase in the consumption of packaged foods, the awareness of the
users about the quality of their food has increased. The demand for natural and healthy
food will also be important for the users of this product. There were participants who
stated that trust can be strengthened in connection with the brand. In addition, it can
be said that the cleanliness of the appliance and the reliability of the materials raise
concerns. However, the relationship between the appliance's performance and the
effort required to use it properly was unclear for users. Participants often fail to
distinguish their predictions of these determinants. These two determinants can
provide a positive attitude towards using the new product when users experienced the

appliance and be satisfied.

The impact values of the factors affecting the acceptability of the appliance and the

summary of positive and negative user comments are displayed in the form of an
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infographic (Figure 5.1). Similarly, a summary of assessments on the acceptability of

pressed food can be seen in Figure 5.2,

Social influences, credibility, facilitating conditions, hedonistic motivation, and user
attitude are not as effective as performance and effort expectations. In general, it has
been found that the participants attribute their purchasing and use decisions to

productivity, satisfaction by food, and responsiveness to needs.

This thesis shows that the function of the product is the first criterion for its users and
is partly related to the capabilities of the relevant technology. However, it is difficult

to talk about the adequacy of this function without using it yet.

In general, although the participants expressed their satisfaction with the possible
benefits, it can be said that they do not have the necessary experience to buy this
appliance yet, just having the designed food is not enough when combined with
financial concerns, and they do not want to buy the appliance and the food that comes
out without trying it. In addition, it can be said that the meat consumption problem has
not yet affected itself as a difficulty in reaching meat for the participants. Changes in
circumstances and improvement of the technology on printing time, food quality and

cost issues may motivate users to use this technology.

5.1 Discussion

In this study, the user was not made to use neither an interface nor a 3D food printer
because these appliances have not been easily available yet. Also, they have not

consumed 3D printed food.

Users’ perceptions may alter when they meet the appliance and the food. Findings of
this study reflect their tendencies and preconceptions. When we look at the other
studies on acceptance of 3D food printing technology, Pliner and Hobden (1992)
mention food neophobia (fear of trying new foods) which may cause concern on users
to eat 3D printed foods according to the study of Manstan and McSweeney (2020).
Metcalf, Wiener, and Saliba (2021). They conducted research with food neophobia
scale and the food choice questionnaire to determine users’ attitudes toward a novel
food. In the line of this study the novel product’s it is reported that early users have
higher levels of food neophobia. Moreover, their motivating factors were defined as

health, natural content, mood, familiarity, and ethical concern.
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Manstan and McSweeney (2020) reveals that 28% of 329 participants believed 3D
printed foods were unacceptable and not safe, however, 72% of the participants were
eager to try it. Moreover, similar authors reported in a following study that the sensory
qualities of the 3D printed food were better than the conventional ones. In this study
the participants expressed their willingness to eat 3D printed foods and felt they were
sustainable after consuming the “3D printed” cookie (Manstan, Chandler, and
McSweeney 2021). Caulier, Doets, and Noort (2020) also achieved a similar result in
their study focused on the acceptance of 3D printed snack bars. As a result, according
to the paper of Kewuyemi et al. (2021) it can be said that there are potentials for the
scale-up of 3D printed food. However, users should have more knowledge on the

acceptance and consumption of it.

The design team that will work on a product with this technology should be
multidisciplinary. User experience design requires studies in areas such as user
interface design, service design, packaging design and 3D product design. By looking
at the outputs of this research, it can be said that the user will need guiding content
from the first encounter. Saving time and being practical come to the fore as the main
benefits that will add to the life of the user. When we consider the experience
holistically, multiple scenarios are possible for the use of this product. There are
versions where the modeling and contents are supplied ready-made or made by the
user himself. In order to provide ready-made user-ready content, it should be reliable
while saving time and the problem of variety limitation should be solved. If he is going
to use this product, there is a user opinion that he wants to show his own creativity.
For these users, even if they do not have modeling experience, a platform should be
provided where they can perform the design. The point and capabilities of the
technology will be an important factor affecting the acceptability of the food and the

appliance.

While working on the acceptance of technology, designers adapt the method to their
own work, as in this study. Survey data will not be enough for design research. The
designer needs the user's stories. Insight about the experience and needs of the user is
obtained through on-site observation or the stories told by the user. In this research, it
was the interview that allowed the reasons for the survey results to be understood and
associated with user profiles. The path to acceptability of a new technology is through

the user's current experience.
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5.2 Limitation of the Study

This study has some technical limitations. The survey results are limited to the number
of participants, which may not be sufficient to generalize to the entire population.
Tamminenb and Salovaara (2009) criticized the technology acceptance models with a
design-oriented perspective and states that the active interpretation processes of the
users contribute significantly to the use and acceptance of the product. Therefore, it is

not possible to consider users as a single segment of people.

Technology acceptance models are not sufficient to evaluate the acceptance of a
technology because quantitative research lacks insight for a design that meets users'
needs. Croswell (2003) states that quantitative and qualitative research have their own
strengths and weaknesses. Combining them in a mixed methods approach has become
a favored approach in a variety of research fields. According to Tamminenb and
Salovaara (2009) the designer benefits from the experiences of the users by supporting
quantitative research with the qualitative method. In this study data were collected
through interviews and questionnaires. However, observing the experience of users is

missing in this study.

Moreover, this study was conducted on online platforms due to the COVID-19
pandemic situation, therefore all the participants had interaction and at least a certain

level of ability to use technological devices like computers or smartphones.

5.3 Further Studies

This thesis study can be described as a descriptive rather than representative approach
due to the relatively small sample of surveys and interviews. However, more research
is needed to reveal a more specific technology acceptance pattern. With larger survey
samples and varying participants, the research area should be broadened to make some

generalization.

In the future, the food can be tried and the acceptance of the participants as a result of
the test can be examined. Thus, more clear data can be obtained on the acceptability

of the food consumed in terms of visual quality, taste, and form.

Printing meat is an epochal feature on its own. It may be explored with specific

research. In addition, with a study in which the appliance is inspected by users, it can
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be studied which features of a product that will be in the kitchen will be effective for
acceptability. A product or service design study can be conducted based on the outputs

of this research by conducting research with designers specific to this technology.

As mentioned in the Section 5.2 all of the participants are above a certain threshold in
terms of their relationship with technology. They received the link of the survey via a
social media application. Then, they answered the questions on a website. In a further
study technology acceptance dimension can be examined according to technological

competence of participants.

By observing in the domestic environment current habits and experience of users can
be internalized deeply. Because of the COVID-19 restrictions, visiting people in their
home is not safe and available during the time which this research has conducted. In
further research the experience of users on cooking and preparing food can be studied
and with this study how current experience affects the acceptance of a novel

experience can be examined specifically.
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APPENDICES

APPENDIX A: Survey Questions

Yemek hazirlama teknolojileri

Bu anket istanbul Teknik Universitesi Lisansiistii Egitim Enstitiisii Endiistriyel Tasarim
Lisansisti Programi'nda yiiriitiilmekte olan yiiksek lisans tezi kapsaminda hazirlanmistir. Bu
galisma ile 3 boyutlu gida baskisinin kabul edilebilirligi hakkinda bilgi toplanmasi
amaclanmaktadir. Ankete katilmak goniilliiliik esasina bagh olup, elde edilecek bilgiler toplu
olarak degerlendirilecek ve gizli tutularak bilimsel arastirma kapsaminda kullanilacaktir.

Katihiminiz ve katkilariniz igin tesekkdrler.

Selvinaz Nesibe Kaya

* Gerekli

1. Yasinz*
Yalnizca bir sikki igsaretleyin.

18-24
25-40
41-56
57-66
67-75

76 ve Uzeri

2. Mesleginiz *

Yemek hazirlama aligkanliklari

Figure A.1: Survey questions.
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uluhatun
Rectangle


3. Asagidakilerden hangisi size daha uygun bir ifadedir? *
Yalnizca bir sikki igaretleyin.

Ailemle yasiyorum
Paylagiml evde yagiyorum
Yalniz yagiyorum

Diger:

4. Evde yemek yapma sorumlulugunu kim Ustlenmektedir? *

Uygun olanlarin tiimind isaretleyin.

|| Anneniz/Babaniz
Kendiniz
Esiniz
| Galigan/Gérevli
Diger:

5. Evde yemek yapilma sikligi nedir? *
Yalnizca bir sikki igaretleyin.
Her giin
Haftada birkag kez
Haftada bir

Ayda birkag kez
_ Diger:

Figure A.1 (Continued) : Survey questions.
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6.

7.

8.

Pandemiden 6nce evde yemek yapilma sikligi neydi? *

Yalnizca bir sikki igaretleyin.

Her giin

Haftada birkag kez
Haftada bir

Ayda birkag kez
Diger:

Bir 6gun igin yemek hazirlamaniz ortalama kag¢ saat sirmektedir? *

Yalnizca bir sikki isaretleyin.

10 dakikadan az
10 dk - 30 dk

30 dk - 1 saat
1-2 saat

2 saatten fazla

Diger:

Sizin i¢in mutfaginizdaki en teknolojik esya hangisidir? Neden? *

Figure A.1 (Continued) : Survey questions.
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9. Yeni gida teknolojilerinden asagidakilerden hangileri hakkinda bilgi sahibisiniz? *

Bilgi sahibi olmadigimz: diisiiniiyorsaniz bu soruyu gegebilirsiniz.
Uygun olanlarin timini isaretleyin.

3 boyutlu gida yazicisi

Vegan et uretimi

Kiiltdr eti

Mikrobiyal fermantasyon

GDOIlu yiyecekler ve CRISPR

Nanoteknoloji uygulamalarn

Higbiri hakkinda bilgi sahibi degilim
Diger:

” Litfen agagidaki sorulari yanittamadan dnce videoyu izleyin.
3 Boyutlu Gida Yazicisi Nedir?

https://youtu.be/K6VdpriGegA

" sV 4

~ At
o g
/ \
=)

I 1./ outube. com/watch?v=K6VdprTGeqA

Kaynaklar
https://www.youtube.com/watch?v=x6WzyUgbTSA

https://www.youtube.com/watch?v=BOTyéwgM8KE

Asagidaki ifadeleri degerlendirerek
1 puan "Kesinlikle katilmiyorum®,
2 puan "Katilmiyorum®,
3 puan "Kismen katiliyorum®,
Degerlendirme 4 puan "Katiliyorum",
5 puan “Kesinlikle katiliyorum" ifadelerine karsilik gelecek sekilde sizin igin en
uygun segenegi isaretleyiniz.

Figure A.1 (Continued) : Survey questions.
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10. 3 Boyutlu gida yazicisi kullanabilmek igin gerekli bilgiye sahip oldugumu
dusunayorum. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katilmiyorum Kesinlikle katiyorum

11. 3 boyutlu gida yazicisi kullanmak igin gerekli akilli telefon, tablet veya bilgisayar ve
bu cihazlardan birini kullanacak basit cihaz bilgisi gibi kaynaklara sahibim. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

12.  Kullanma kilavuzu gibi bir ydnlendirmeye ihtiya¢ duymadan 3 boyutlu gida yazicisi
kullanmaya baslayabilirim. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katilmiyorum Kesinlikle katiliyorum

13. Sosyal gevremdeki insanlar 3 boyutlu gida yazicisi kullanmami olumlu karsilar. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

Figure A.1 (Continued) : Survey questions.
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14. 3 boyutlu gida yazicisi kullanmak sosyal ¢cevremin beni "teknolojiyle yakindan ilgili"
olarak goérmesini saglar. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

15. 3 boyutlu gida yazicisi kullanarak sosyal cevremde bu teknolojinin taninmasi igin
oncu olurum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

16. 3 boyutlu gida yazicisi kullanmam sosyal iligkilerimi olumsuz etkilemez. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

17. 3 boyutlu model olusturup yazicidan baski almanin benim igin zor olacagini
dustunmuyorum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

Figure A.1 (Continued) : Survey questions.
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18. Yazicinin baski ayarlarini gevrimigi bir uygulama tzerinden verilen tarife gére
diizenlemenin benim igin kolay olacagini dustintiyorum. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katilmiyorum Kesinlikle katiyorum

19. igerikleri baski igin gerekli kivamda ve tarife gére hazirlamakta zorlanacagimi
digtinmuyorum. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

20. 3 boyutlu gida yazicisinin gunlik hayatta kullandigim diger yemek hazirlama
yontemlerine gére daha kullanigh oldugunu distntyorum. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katilmiyorum Kesinlikle katiliyorum

21. 3 boyutlu gida yazicisinin yemek yapma strecini (malzeme temini, hazirlk, pisirme)
hizlandiracagini diigtinyorum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

Figure A.1 (Continued) : Survey questions.
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22. 3 boyutlu gida yazicisiyla daha basgarili yemek yapacagimi digtniyorum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

23.  Yemegimin 3 boyutlu baskisini almak i¢cin modelini olusturmak eglenceli olacaktir. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

24. Modelini kendi tasarladigim yiyecekleri elde etmek eglenceli olacaktir. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

25. 3 boyutlu baski ile Uretilmis yiyecekleri yemeyi eglenceli bulurum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

Figure A.1 (Continued) : Survey questions.
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26. Erigimim oldugu takdirde 3 boyutlu gida yazicisi kullanmak isterim. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

27. Gelecekte 3 boyutlu gida yazicisi kullanacagimi digtintyorum. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

28. 3 boyutlu gida yazicisina saglikli yemekler Gretilmesi konusunda gtivenirim. *

Yalnizca bir gikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

29. 3 boyutlu gida yazicisinda lezzetli yemekler Uretilecegini dustntyorum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

Figure A.1 (Continued) : Survey questions.
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30. Baski agamasini gdrmesem de 3 boyutlu gida yazicisinin yiyecegi Uretme iglemini
dogru yaptigina givenirim. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katilmiyorum Kesinlikle katilyorum

31. 3 boyutlu gida yazma teknolojisinin ev kazalarina sebep olacagini dugstinmuayorum. *

Yalnizca bir sikki isaretleyin.

Kesinlikle katiimiyorum Kesinlikle katiliyorum

32. Gelecekte 3 boyutlu gida yazma teknolojisinin ne sekilde yonlenecegini, nasil ve
nerelerde kullanilacagini digtnlyorsunuz? *

33. Arastirmanin ikinci kisminda sizinle iletisime gegebilmem igin mail adresinizi paylagir
misiniz?

Figure A.1 (Continued) : Survey questions.
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34. Yanitlariniz igin tesekkurler. Belirtmek istediginiz ayrica bir yorum ya da soru varsa
latfen yaziniz.

Bu igerik Google tarafindan olusturulmamig veya onaylanmamuistir.

Google Formlar

Figure A.1 (Continued) : Survey questions.
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APPENDIX B: Interview Questions

Goriisme Sorulan

Bu goriismede iki yonden bakarak 3B gida yazicisi hakkinda konusacagiz: cihaz ve yiyecek.
Mutfakla aramz nasildir? Son pisirdiginizi hatirladigimz yemek nedir?
Beslenme aligkanhiginiz nasildir? (vegan vs.)

Yemek yapma siirecinizden bahseder misiniz? (Tarife mi bakar? Annesini mi arar? Kendi mi yapar
bastan sona? Tabag: siisler mi?)

Yemek yaparken en zorlandigiz noktalar hangileridir? neden?

Daha énce 3 boyutlu yazici kullanma deneyiminiz olduysa nerede nasil tanisip kullandimz, neler
hissettiniz bahseder misiniz?

3 boyutlu yazic1 teknolojisinin kullanildig: alanlardan biri de gida baskasi. i1k nerede nasil duydunuz
bu teknolojiyi? Ne hissettirdi size?

-Video-

3 boyutlu gida yazicisi kisiye 6zel besin igerikleriyle kisisellestirilmis yiyeceklerle saghgimza ve
bedeninizin ihtiyaglarina uygun sekilde beslenmenize olanak saglar. Cigneme giicliigii yasayan kisiler
i¢in uygun formda yiyecek olusturmak miimkiindiir. Ayrica gesitli modeller, tasarimlar ile elde
iiretilmesi gii¢ sekillerde yiyecek sunumlari hazirlanabilir. Bir diger kullanim alani olarak giiniimiizde
3 boyutlu gida yazicisiyla vegan et iiretimi ve hayvanlarin hiicrelerinin ¢ogaltilmasiyla gergek etin
hayvanlar kesmeden ve dogaya zarar vermeden et tiretmek miimkiin hale gelmistir.

Asamalar: 3 boyutlu gida baskisi siirecindeki model segimi ya da modelleme, malzeme hazirhg:, baski
siireci baski sonrasi islemler ve son olarak tabakta baskiyla elde edilmis yiyecegi sunar.

Bu teknoloji ile ilgili ne diisiindiiniiz?

Mutfaginizda nereye yerlestirirdiniz?

Behavioral intention

Gelecekte bu iiriinii almak ya da kullanmak hakkinda ne diistiniiyorsunuz?

Profesyonel mutfak (restoran) ve ev kullanimim karsilagtirdigimizda hangi alanda daha yaygin
olacagini diisiiniiyorsunuz? Neden?

Figure B.2 : Interview questions.
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Yakin gelecekte bu iiriin sizce yayginlagir mi? Kimler tarafindan nerelerde kullanihiyor olur? (evdeki
durumla ilgili ne diisiiniiyorsunuz?

Ev kullamimim diisiindiigiiniizde hangi gidanin iiretiminde daha yaygin gérecegimizi
diistiniiyorsunuz?

Facilitating conditions

Bu teknolojiden ev tipi iiriin ¢iksa satin alir misiniz? Neden? (pahali olur/lezzetli olmaz, blender
yok...)

Bu cihazdan ¢ikan giday tiiketir misiniz? Neden? ( kurabiye yapimim diisiinseniz...)
Bu tirtinii ilk kez kullanmaya nasil baslarsimz?

ilk hangi gidayla baslardiniz? Nasil tiiketirdiniz?

Social influence
Bu iiriinii almaya kim yonlendirebilir? Neden?

Bu cihazda iiretilen gidayn tiiketir dediginiz kisiler kim olabilir? neden? Bu sizi satin almaya
yonlendirir mi?

3 boyutlu gida yazicimz var diyelim, ne baskisi almak, bu yemegi kimlerle paylagsmak isterdiniz?
Nasil kullanirdimz? Neden?

3 boyutlu gida yazicisi kullansamz sosyal gevrenizin (aile ve arkadaglarimzin) tepkisi ne olur? Buna
benzer ¢evreniz i¢in yeni bir teknoloji kullandigimz oldu mu? Nasil tepkiler aldiniz?
Effort expectancy

3 boyutlu gida yazicisindan hangi yemek yapma siireglerini kargilamasim beklersiniz?
Hangi iiriinlerin gorevlerini kargilamasimi beklersiniz?

Geleneksel yemek hazirlama yontemleriyle 3 boyutlu gida baskist siirecini karsilagtirdiginizda hangi
adimlarn sizi zorlayacagi hangilerinin hayatimzi kolaylastiracagini diistiniiyorsunuz?
Performance expectancy

Bu iiriinden ¢ikan gidalarin potansiyel faydalan (yukandakilerden érnekler farkl beslenme tiirlerine
6zgii vegan et vb.) hakkinda diisiinceleriniz nedir? Gelecekte hangi sebep sizi 3 boyutlu gida yazicisi

almaya yonlendirebilir?

Evinizde boyle bir cihaz oldugunu hayal edelim hangi giday1 bu cihazla elde etmek isterdiniz?

Figure B.2 (Continued) : Interview questions.
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Hedonistic motivation

Bu teknolojiyi alip kullandigimizda nasil hissedersiniz?

Bu teknoloji hakkinda size ilgi ¢ekici heyecanlandiric: gelen noktalar nelerdir? Neden?

Bu iiriinden ¢ikan giday: tiiketirken nasil hissedersiniz? Bu gidalarla ilgili ilgi ¢ekici, heyecanlandirici
noktalar nelerdir?

Trust

Bu teknolojiyi evinize alirken ¢ekinceniz olur mu?

Bu iiriinii kullaniyor olsamiz iiretecegi gidanin lezzet, igerik ve form bakimindan giivenilirligi
hakkinda ne diistiniirsiiniiz?

Figure B.2 (Continued) : Interview questions.
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APPENDIX C: Explanatory Video

. .

Kendi malzemelerinizle istediginiz yiyecegi basabilirsiniz

Farkli sekiller '

Yeni yapilar
Doku ve desenler
Yeni tatlar

Alternatif besin kaynaklan, hammaddeler kullanabilirsiniz. Tasarlanmus yiyecekler dretebilirsiniz.

Pancakebot : krep y
o

F.0.M. Gida baskisi teknolojiterinden en yaygin kullamlamdir. Gikolata, hamur, piire gibi akiskan
iceriklerle baski almak icin uygundur.

Figure C.3 : Screenshots from the video.
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