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Abstract
The linear economic model, which is known as throw-away economy is where people
consume single-use products and throw them away if no longer functional. Linear
business models may be profitable in the short run, but over time, they will expose
companies to market, operational, legal, and business risks. This thesis project an-
swered the research question of How to design for a mobile application that facilitates
circularity in the usage of ATAG kitchen appliances and promotes users’ sustain-
able behaviors Around this key question, new mobile app features are created for a
circular service. In the end, the thesis concludes the learnings after employing the
interaction design research method research through design.

Keywords: Circular economy, Mobile app design, interaction design, research through
design, prototype.
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1
Introduction

1.1 Background

Circular economy
Circular economy (CE) is a popular concept broadly discussed in the European
Union. Initially introduced by Pearce and Turner [1], the3R framework (reduce,
reuse, and recycle) has penetrated product developments and service design in count-
less ways. As the circular economy grows in momentum, it is imperative for compa-
nies to prepare for their transition based on insights into their circular performance
and associated risks and opportunities [2]. In 2019, EU governments agreed to oblige
manufacturers to make appliances more easily repairable and longer-lasting and the
decision will be e�ective April 2021 [3]. For companies that manufacture kitchen
appliances like ATAG Benelux, innovative circular models need to be investigated to
reduce energy consumption, material waste, and pollution emission. The possibility
of integrating di�erent phases of the product lifecycle into the3R framework can
be achieved by digital technologies like smart home [4], internet of things [5] and
advanced sensors.

Digitalization help connect all stakeholders in the CE system and help quantify
resource e�ciency. Real-time big data approaches not only help optimize the pro-
cessing chain when closing the loop but also bring the economical potential of CE,
which helps rigorously track all the recoveries as well as costs and makes situations
predictable [6].

When digitalizing the CE system, mobile apps can be considered as a good medium
here when it concerns the end-users due to the following reasons: (1) Apps allow
smartphone users to perform multiple tasks, which enables access to di�erent services
in di�erent cycles. (2) Apps usually occupy more of the users' time than the web
due to the mobility of smartphones. (3) Apps simplify the communications between
sta� and customers and enable direct messages (push noti�cations), hence improve
customer engagement with the brand.

Stakeholders
The stakeholders in this project include the company ATAG Benelux and kitchen
appliances users. ATAG Benelux is a market-leading supplier of kitchen appliances
with over 2500 resellers in the Benelux. The Dutch company sells under the brands
ATAG, Pelgrim, ETNA, and ASKO. All brands have high brand awareness in the
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1. Introduction

Benelux. ATAG sells its products through kitchen and electronics retailers and
through the kitchen industry, which is a brand that values responsibility, innovation,
and entrepreneurship.

ATAG connect App 2021
ATAG Connect Life is a mobile application that connects the daily cooking and
eating moments with the kitchen appliances of ATAG, which includes features of
remote control and noti�cations, inspirations of recipes, tips, and tricks about daily
use and maintenance. In this project, we will design new CE features for this App.

Figure 1.1: ATAG Benelux App, accessed May 2021

1.2 Aim and research question

The project aims to answer the research question of:

How to design a mobile application that facilitates circularity in the usage
of ATAG kitchen appliances and promotes users' sustainable behaviors?

Around this key question, the project aims to work on implementing a circular
model through the interaction design. Speci�cally, we breakdown the aim into two
assignments: (1) To understand the interaction between the users and the appliance
for closing the loop. (2) To design the interaction that concerns CE-loops between
the users and the mobile application.

The design outcomes are a functional prototype of the mobile application, a project
report that elaborates the design process, and a presentation.
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2
Theory

In the following sections, theories used for this thesis project will be presented.
The most overarching approach that explains the core process, the design thinking
approach, will be presented �rst. In regards to CE and sustainability, theories about
how to integrate circular frameworks in the interaction design are presented.

2.1 Research through design

Research through Design (RtD) is an approach to conduct researches with the aim
of generating new knowledge by employing the design methods, practices, and pro-
cesses [7]. Gaver (2012) [8] mentioned practice-based research better view theory as
an annotation of design examples. RtD enables the researchers to envision what the
world could be in the future, which is seen as a re�ective practice: Through making
designs as solutions, the researchers are reinterpreting the "wicked problem" in an
iterative process. Frayling'sresearch through design[9] also stresses how interaction
designers can create meanings instead of all about doing the craftwork when engag-
ing �wicked problems�. The major criterion that he establishes to validate research
in art and design is whether the research follows the cognitive tradition and gener-
ates new knowledge/understanding about design artifacts, other than the visuals.
RtD allows interaction designers to make research contributions by making use of
the real skills designers possess.

2.2 Design thinking

Design thinking is an ideology with a human-centered core. It is also an analytical
process that engages a person to experiment, create and prototype models, gather
feedback, and redesign, as stated by Razzouk, Rim, and Valerie Shute (2012) [10].
This process would be cyclical since designers usually jump back and forth between
phases to evaluate and re�ne the design concept with increasing �delity [11]. De-
sign thinking helps designers quickly learn and iterate in order to reach innovative
solutions [12].
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2. Theory

2.3 Circular economy frameworks

Circular economy is the opposite of a linear economy (also known asthrowaway econ-
omy) where people consume single-use products and throw them away if no longer
functional [3]. Initially introduced by Pearce and Turner [1],3R framework(reduce,
reuse, and recycle) has penetrated product development and service design in count-
less ways. As a result of ATAG's future vision, the circularity framework should be
integrated into the mobile application design to ensure sustainable development in
longer terms.

The main CE framework that this article refers to is thebutter�y diagram. This
diagram captures the �ow of materials, nutrients, components, and products, whilst
adding an element of �nancial value [13]. CE extends products' life by putting the
resource back in the loop to make maximum use of it. According to Walter R.
Stahel, using resources for the longest time possible could cut the nation's emissions
by up to 70%, increase their workforces by 4% and greatly lessen waste [14]. The
right side circles of the CE systems diagram, maintain/prolong, reuse/redistribute,
refurbish/remanufacture, and recycle, are closely related to end-users. The closer it
is to the end-user, as the more pro�table it is to the environment, the more common
it ought to be in the design. In the mobile App, these cycles can be transitioned to
functions or features that users can directly use.

Figure 2.1: Circular economy systems diagram, Ellen MacArthur Foundation,
adapted from Braungart & McDonough, Cradle to Cradle (C2C)
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2. Theory

2.3.1 Maintain/prolong

The maintain/prolong loop is the most inner cycle that demonstrates the design
strategy to extend the product's service life for as long as possible. This can be
achieved through designing durability, maintenance, and repair [13]. This loop also
deals with functional obsolescence, namely, when the products physically fail and
need repair.

2.3.2 Reuse/redistribute

The reuse/redistribute cycle refers to materials or components in former products
that can be reused or redistributed with little enhancements. After the �rst owner-
ship, the product will soon be ready to serve the next user.

2.3.3 Refurbish/remanufacture

Refurbishing, also called reconditioning, means collecting unused products, com-
ponents, or materials that can be re�nished and sanitized to serve their original
functions. It involves less work content than remanufacturing, but more than re-
pairing. Remanufacturing is the rebuilding of a product to the speci�cations of
the original manufactured product by combining or replacing reused, repaired, or
completely new components. According to Lund(1996), remanufacturing belongs in
between reusing and recycling, which is preferred to conventional recycling because
it requires signi�cantly less energy [15].

Both Appliance refurbishing and remanufacturing can save energy during the pro-
duction process, hence minimize the impact on the environment. From the cus-
tomer's perspective, refurbishing or remanufacturing an old appliance could be de-
sirable from a �nancial standpoint.

2.3.4 Recycle

Recycle focuses on recirculating the materials by collecting, disassembling, process-
ing discarded products to obtain secondary raw materials to further manufacturing
new products. The product might lose the value of serving the original functions
but would have other functioning purposes.
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3
Methodology

3.1 Mixed method approach

To achieve the triangulation of methods, the research consists of both qualitative
and quantitative methods to con�rm the study's results. Using multiple methods
also gains a better understanding of results, discover new perspectives, or develop
new measurement tools [16]. The convergence of two di�erent sets of results con-
�rmed the study results, whilst the di�erences reveal new perspectives or phenom-
ena. Though the mixed method approach increases time and cost for undertaking
the study and its analyses [16], it makes the study results more convincing compared
to only using one research method.

3.2 User research

Online Survey
A survey is a proactive way of gathering data [17]. It is a quantitative research
method to gather numeric data. The aim of doing a survey is to investigate end-
users using habits for kitchen appliances. Doing surveys in an early phase of the
design process can obtain initial user perspectives and narrow down the question
scope in the qualitative research phase.

Semi-structured Interviews
An interview is a qualitative research method that obtains semantic data through
conversations. Semi-structured interview employs both closed- and open-ended
questions, usually followed with questions of how or why. The information ob-
tained from the interviews is usually multi-dimensional. The biggest advantage of
SSI is that the dialogue can meander around the topics instead of adhering slavishly
to verbatim questions as in a standardized survey, which may unexpectedly dig into
unforeseen issues [18].
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3. Methodology

3.3 Analysis and ideation

A�nity diagram
An a�nity diagram is a process to externalize and meaningfully organize data from
research into logical groups [19] [17]. A�nity diagramming helps designers cap-
ture research-based insights, observations, concerns, or requirements into individual
sticky notes so that the design implication of each can be fully considered on its
own [17]. By clustering each sticky note into groups, key insights are inducted and
the whole diagram explicitly shows which insight is most frequently mentioned and
urgently in need of design tactics to improve the current product.

Persona
Personas are �ctional characters that represent common users, which in the user-
centered design process are critical to be understood. Personas are created based on
qualitative and quantitative data from user research and answer the question �Who
do we design for?�. Personas are often used to consolidate archetypal descriptions of
user behaviour patterns into representative pro�les, to humanize design focus, test
scenarios, and aid design communication [17]. And in the ideation phase, personas
facilitate empathy and communication, while their distinction creates useful design
targets [17]. For the product team, Making use of Personas can predict the needs,
behaviour, and possible reactions of users, as well as �gure out the most relevant
design task. However, creating personas is not an end in itself. They are more of a
decision-guiding tool that facilitates identify challenges and common patterns.

User journey map
A user journey map visualizes an individual persona's use of service as a descrip-
tive narrative [20]. Each key moment when the individual is interacting with the
product or service is visually presented in a user journey map, waiting to be eval-
uated and improved. It builds a story about people's actions, feelings, perceptions,
expectations, and frame of mind - including the positive, negative, and neutral mo-
ments [17]. The user journey map articulates a multifaceted user experience. Design
opportunities are identi�ed through the user journey to produce innovative design
solutions that streamline the current user experience.

3.4 Prototyping

A prototype provides something as a design representation that can be evaluated
before committing resources to build the real thing. An early version of the sys-
tem that can be constructed much faster and is less expensive to make changes.
Prototyping has become a principal technique of the iterative lifecycle [21].

The �delity of a prototype re�ects how ��nished� it is perceived to be by users.
Prototypes' �delity mainly varies in the area visuals, content, and interactivity. In
this project, both low-�delity prototypes and high-�delity prototypes were used in
the test sessions to determine if people can use the features. Figma was used as a
tool to build interactive prototypes.
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3. Methodology

3.5 Evaluation

Heuristic evaluation
Heuristic evaluation is a usability inspection method to identify usability problems
in the user interface (UI) design. The lo-� prototype was evaluated using Jakob
Nielsen's 10 general principles for interaction design [22] (see the 10 principles in
Appendix).

Usability testing
Usability tests will be conducted after having su�cient details in the prototype.
This method is used to measure the interaction between a user and a product thus
assess the usability of the interaction design [20]. Participants of usability tests
will be assigned to complete standardized, speci�c tasks. The usability tests will
reveal defects in the user �ow regarding e�ciency, e�ectiveness, and satisfaction in
a quanti�ed context of use [23].
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4
Process

The iterative design process (Figure 4.1) contains �ve phases, research, de�ne,
ideate, prototype and test. The last three steps were went through twice for two
prototypes, and multiple iterations of changes and re�nements.

Figure 4.1: Design process overview

4.1 Desk research

Desk research is a research method to gather secondary data, which includes existing
knowledge, studies, and researches. It is a necessary step to obtain inspirations in
a de�ned study area and it can lead the research towards the initiative tracks to
achieve goals and provide additional arguments [24]. Before conducting the user
research, two kinds of desk research were carried out, the relative researches and
competitive products, in order to get an overview of this domain.

4.1.1 Domain research

In the domain of designing for sustainable household appliances, some prior re-
searchers have investigated di�erent perspectives, yet the implementation still stays
at an embryonic stage in many manufacturing companies [25]. In the following,
we discuss prior research on possibilities to adopt CE in the household appliance
industry and generate their distinct empirical and theoretical results, which deeply
inspired this project.

Selvefors et al. [26] have studied how kitchen appliances can be designed to support
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4. Process

less energy-intensive use and conclude with design guidelines for reducing energy
consumption. The circular design guidelines presented in this article are inspiring to
this project. For example, one guideline mentions thatCommunicate how functions,
settings, and loads in�uence energy use, which could be emphasized in this project.

Lilley et al. [27] have done a rigid user study about what are the factors that impact
users' repair behaviour and what are the design solutions to support repair rather
than disposal.

Wastling, T., Charnley, F., Moreno, M. (2018)[28] have done a literature review,
case studies, and expert interviews to create the theoretical framework that encour-
ages users circular behaviours.

Though the previous studies have investigated the circular economy implementation
realm, they haven't explored the possibility to adapt the system in a possible digital
solution at the end-users side, such as a mobile app.

This thesis project is grounded in the prior research and generates its unique contri-
bution through design practice regarding implementing circular economy in kitchen
appliances usage via the interface. Especially, it creates a full-scale service to en-
gage di�erent stakeholders and users in the circular economy, which is an under-
exploration realm.

4.1.2 Competitive products analysis

Competitive research can be done when designers are previewing the landscape at
the beginning [29], which also enables the design team to access the competitor's
products from the perspective of a user and evaluate the usability as well portabil-
ity [17]. To understand existing products in the current market, and what is working
well and what is not, the team investigated the competitors' Apps and identi�ed
them as three categories: (1) Primary competitors: ATAG's direct competition,
selling a similar product/service namely, kitchen appliances. (2) Secondary com-
petitors: those who sell similar products or services but are not limited to kitchen
appliances. (3) Tertiary competitors: those who are related in some ways, but don't
sell the same products at all nor directly compete with ATAG in any way.
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4. Process

Figure 4.2: Competitors' Apps

When benchmarking the competitors, two parts were considered. One was the smart
home part such as control, monitor, and automation features, the other was sustain-
able features and maintenance-related features. The tertiary ones were excluded here
since appliances are not their main products.

Figure 4.3: The feature comparison of competitors' Apps

Findings
In the table, the tick stands for the apphas the corresponding function, while the
dash meansto some extent relevant. (1) There is no demo productin most of the
competitors' Apps, which means people cannot access how the app works if they
don't buy the products. (2) Barely these apps had sustainability features except
Bosch home connect, its eco mode shows energy and water consumption.Samsung
Smart Thing and Kitchenaid have something relevant because their automation fea-
tures help automatically turn o� the devices when people leave, which originally
aims to shortcut actions but to some extent also help energy-saving. (3) Some prod-
ucts have the self-diagnose feature so the app allows for error detection. However, no
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4. Process

solutions were provided. In conclusion, not many competitors have considered the
sustainability and error support part, and that is the point where ATAG's product
can stand out.

4.2 User research

4.2.1 Online survey

As a start of the user research phase, an online questionnaire on the kitchen appli-
ances using habit was handed out to people who lived in Europe, made with Google
form. The questionnaire aimed to obtain a basic understanding of the kitchen appli-
ances usage, which was about their cooking habits and behaviour patterns. Besides,
the team also tried to dig out the potential pain points by asking how their user
experience was in terms of maintenance and energy-saving. The importance of clean-
liness and sustainability was also asked to be scaled. In the end, people's opinions
on how an app could assist their kitchen usage were asked.

Planning the online survey This online survey contains mainly closed-ended
questions, mostly multi choices questions. The questions were planned considering
the following aspects - basic questions, current experience(regular use and main-
tenance), circular opportunities, and interactions. The survey started with a short
introduction about the project's con�dentiality and anonymity, and the approximate
time to complete the survey. Following are the questions, such as multi choices ques-
tions, scoring questions, and comment questions. In the end, a short descriptive text
enquires people's willingness to participate the future usability tests.

Conducting and analyzing the online survey 120 responses were received in
total, a general understanding about what appliances people have in their kitchen
and the corresponding using frequency. Among the respondents, 56.4% adults were
under 30 and the others were above 30 years old. According to the result, Refriger-
ator and hobs were the two most used kitchen appliances. 61.5% of the respondents
have experienced appliances breaking down. More than 75.2% would like to directly
have their appliances �xed by professionals when they are broken. People also pre-
ferred digital instruction to paper instruction. When it comes to cleaning, 77.8%
of the respondents thought regularly and properly cleaning would help extend the
lifespan of the appliances. However, the average satisfaction degree of how they
clean their kitchen appliances is 3.86 out of 5, only 24.8% gave themselves a 5.
About the question related to having a mobile app that connects the kitchen appli-
ances, 88.3% thought it would help more or less, Among those 23.9% who thought
�it would de�nitely help�. Besides, The two most wanted features of the app were
safety instructions alerts (77.8%) and monitoring the appliances' status (76.1%).

4.2.2 Semi-structured interview

To supplement and add depth to the survey, speci�cally, to further probe the in-
terviewee's personal perspectives about their daily kitchen appliance use, and what
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4. Process

they do with sustainability with more open discussions, semi-structured interviews
were conducted. Since ATAG de�nes its target users as people who love to cook,
12 cooking enthusiasts aged from 24 to 66 were recruited and interviewed, one in
Germany and the others in Sweden. They were selected with a standard of people
who often post photos of self-made food on social media. These 12 volunteers were
recruited through social media and the team's network, to cover diverse cooking
lovers and distribute across the demographic ranges of the brand target group. The
summary of interviewees can be seen in 4.1.

Table 4.1: Summary table of SII interviewees

Planning SSI

Before each question, the moderator brie�y introduced the project and what circular
economy is. But the term "circular economy" wasn't brought up in any question.
Instead, the relatively broad term was broken into di�erent cycles and probe into
each cycle, for example, instead of asking "what have you done about the circular
economy?", the moderator asked "what have you done to extend the lifestyle of
your kitchen appliance?" and "what have you done to save energy when you use the
appliances?". This avoids the deviation caused by an inaccurate understanding and
unfamiliarity of the term CE, besides, it helps the team dig out more pain points.

The questions were mainly about cooking habits, appliance management, repairing,
circular opportunities, and interactivity. The questions started with the frequency
and overall experience of the appliances use and closed with a discussion on their
expectations of what potential experience could this App o�er them (Question list
see appendix A.3).
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4. Process

Conducting SSI

During the interviews, tips to e�ectively conduct SSI were taken into considera-
tion: (1) Pilot test can help quickly identify the problems in the questions and
hence makes the interview rephrase them to get more information. (2) Always start
the conversation with a few simple questions such as "what do you have in your
kitchen" to familiarize the interviewee with the topic. (3) Building rapport with the
respondents [30]. A comfortable setting and appropriate language can help get rich,
authentic, and detailed experiences from the respondents. When asking how well
people clean their kitchen, judgemental discussions about themselves were avoided.
Instead, the moderator asked "have you ever tried to clean up every corner?" to get
a more descriptive response.

Analysis

An a�nity diagram was used to analyze the information from interviews. Impor-
tant insights were extracted from the interview transcript to individual sticky notes,
which were color-coded for each interviewee. All the sticky notes were then in-
ducted into di�erent groups - cooking habits, appliances ownership, opinions to-
ward sustainability, cleaning behaviours, repair behaviour, energy-saving behaviours,
lifetime-expanding behaviors, problems/frustrations, and expectations on App. The
summarized insights generated the following �ndings.

Results

Mobile Apps are the main source where people get recipes (7/12), including recipe
apps and grocery apps. Along with that, YouTube and Google are the second
popular channels.

People show di�erent preferences about the formats of recipes. I-4 prefers text+images
to video as he/she thinks it is easier to go back to the last step. I-10 enjoy videos
more. I-1, however, prefer a combination of text+video+images. Recipes provide
sociability. People may communicate with friends about the same recipe, or go on-
line and comment under recipes they have tried. And some people create their own
recipes.

Taking notes on paper (I-1,9,12) or mobile phone (I-7,8,11) are the most common
two ways to memorize shopping lists of food ingredients. Two interviewees don't
take any note of shopping lists, instead, they buy things that are easy to cook or
match what's in the fridge. Besides, there is a need of sharing the shopping list
between families. (I-8,12)

Comparing weekdays and weekend cooking, there are three types of habits:

ˆ Same between weekdays and weekends (I-1,6,12)
ˆ More at weekends (I-2,3,4,7,9,11)
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ˆ More on weekdays (I-8)

The meals cooked on weekends are more complicated or time-consuming to many
interviewees, while some others prefer relaxing at weekends and order food delivery,
eat out or eat at friends' homes more. People tend to "try something di�erent" when
not cooking at home.

Having everything being in order, social connection, and good cooking outcomes
are the three most often mentioned factors that create positive feelings. Having
something else to do while waiting improves the cooking experience.

When being asked if the estimated lifetime of the appliances is necessary information
to know, the answer from most interviewees was "no". But it is "a good thing to
know" for people who just moved into a new apartment with appliances according
to one interviewee. On the contrary, people care more about how to take care of the
appliances to make them last longer rather than lifetime information.

Smart appliances are common to many of them. Many have an open and positive
attitude towards smart appliances, thinking they will bring convenience to their life.
Keeping appliances clean is overall important to people, but they all have their own
standards of "being clean" and "spending enough time". Some think the appliance
is well cleaned as long as it doesn't a�ect the next use, while some others think the
appliance needs to be cleaned from outside to inside and properly dried. They also
re�ected that the impact of proper cleaning is not usually visible. According to the
interviewees, the big appliances don't break often. Once problems occur, people tend
to have professionals take care of them or buying a new one. How they deal with the
broken ones also depends on whether the product is under warranty. The net/�lter
in the extractor hood is the most common component that people would change by
themselves. When changing, many people look at the manual book, otherwise, they
tend to �nd instructions on search engines because of the missing instruction book.
Only half of them take action to save energy during cooking. The actions include:

ˆ Turn o� appliances in time.
ˆ Decrease the switching frequency (eg. fridge.)
ˆ Temperature adjustment.
ˆ Use eco modes.
ˆ Make use of the space. (eg. oven)
ˆ Don't put too many things in the fridge.

Those who don't take action explained that they don't think about energy when
making food, or they want to but have no idea what to do. Some also think there
is more the product designers and engineers can do than them in terms of saving
energy. Some interviewees claimed that some actions (turn o� appliances in time,
lower oven temperature) are not for energy-saving purposes, but other factors like
safety considerations or food taste. The eco-mode usually takes more time. Half
of the interviewees do regular cleaning, intending to extend appliances' lifespan.
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Four of them treat appliances with care, such as following the instructions, tighten
screws, dry appliances before putting them into the cabinet. A few said they don't
know how to do that exactly. Like what they do to save energy, they also turn o�
appliances if not using to expand appliances' service time. Most people gave a 4 or 5
out of 5 concerning the importance of sustainability in kitchen usage. Many regard
functionality as prior to sustainability, for instance, they won't sacri�ce time to sus-
tainability when busy. Notably, people have di�erent de�nitions for sustainability:
some interpreted it as buying less new and more second-hand products, some con-
sidered it as a term for energy saving in daily usage, some considered sustainability
as a broad term and thought it's the products manufacturers' responsibility rather
than consumers to design their products to be more sustainable. Consumers have
few actions to do, restricted by limited Eco modes and products. One interviewee
claimed that kitchen appliances, especially big ones, are instinctively sustainable
due to low update/renewal frequency and high durability. Problems mentioned dur-
ing the interviews are: burnt, water over�ows and left stains on the hob, forget
crucial steps, noise, and smell, the inaccurate oven temperature, confusion about
which mode to choose. Many people thought cleaning or tidying things up is frus-
trating. A few interviewees(I-1,5) thought making complicated food sometimes is
frustrating, because "one step ruins all". Frustration also came from failing to ar-
range the cooking time if family members have to eat at a di�erent time as well
as Appliances aging. Besides, one was upset about having to use di�erent apps for
di�erent appliances. Remote control, monitoring, and automation were the most
wanted features according to the interviews. Planning for cooking hence serve the
food at the same time is also mentioned three times. Here were the keywords that
people have mentioned when talking about the most wanted feature of the mobile
app.

Figure 4.4: Keywords of the most wanted features during interviews

4.2.3 Summary of user research

An understanding of the con�rmation and comprehension are gained through �nding
the intersection and disjoints of two di�erent data results from qualitative and quan-
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titative research4.5. The convergent �ndings form the con�rmation, and together
they explain detailed understanding of the phenomenon under study [16].

Figure 4.5: Con�rmation and comprehension: Related concepts [16]

Con�rmation of Results

Approximately 12 interviews and 120 online surveys were statistically and concep-
tually compared for con�rmation. Statistically, the percentage of each essential
question was compared to get con�rmed results. Both the survey and interview
results show that cooking Apps are the most popular channel to get recipes(54.7%
of survey responses and 7/12 of interviewees' answers). And regarding the cleaning
performance scoring, all of the user study participants scored about 4 out of 5, which
means good but still has space for improvement. The most common behaviors to
extend kitchen appliances' lifespan is regularly and properly cleaning for both user
types of research (77.8% in surveys and 6/12 in interviews). When needing to repair
an appliance, most people(over half of the participants) will search through the inter-
net for instructions. And for the score of sustainability importance in daily kitchen
appliances usage, most interviewees score it 4 to 5, and the average in surveys is
3.82 out of 5, which is similar.

Comprehension of Results

The most common problem during cooking in questionnaire results is "overcooked
food", which is also frequently mentioned in interviews. But except for options
given in the questionnaire, new problems were raised, like the oven's temperature
and mode selection uncertainty. In the online surveys, respondents tend to skip the
open-ended questions where they have to type answers. But in interviews, they can
further explain and discuss by talking. Therefore, interviews gathered more detailed
answers or discussions of open-ended topics. For the question "what have you done to
save energy", people mentioned more in interviews besides the options in the survey,
such as temperature adjustment, using Eco-modes, make better use of the appliance
inner space, etc. Another interesting �nding is that some interviewees stated some
actions are not motivated by saving energy, but out of safety considerations or food
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taste. For instance, some said they turn o� the appliances in time because of safety
concerns. And in interviews, those who don't take energy-saving actions explained
that they have no idea what to do to achieve that.

Notably, there's a slight divergence when people are scoring their cleaning perfor-
mance or sustainability importance. The average scores in interviews are higher
than surveys average scores. On the one hand, the deviation was caused by the
di�erent sample sizes, which means survey results are probably more accurate due
to the bigger sample size. On the other hand, since the answers to these two ques-
tions can re�ect a person's values and a�ect the personal image, interviewees tend
to propose more positive answers to make a better impression of themselves. On
the other hand, the sample size of interviews is too low to demonstrate an authentic
result.

People who are more enthusiastic about cooking show more caring for their ap-
pliances, and have higher expectations regarding the features of a potential App.
However, when it comes to the expectation towards the app that connected to the
appliances, there was a lack of �A bigger picture�. People barely talked about the
subsequent lifecycle of the appliance after their ownership. However, they showed
strong interest in how the app could be smarter in daily use (eg. automation, smart
control, etc).

Besides, Insu�cient information for maintenance by themselves was re�ected as a
problem. Many people have tried to �x the appliance themselves when a problem
occurs, searching on the internet for a solution is the common way to start. Besides,
most people are aware that proper cleaning can extend the lifespan of products, but
some re�ected they don't know about techniques on how to properly cleaning the
appliances.

In addition, a passive attitude towards what they can do was very common among
the users. People thought there is too little they can do when it comes to saving en-
ergy in daily appliances use. Many believe the energy consumption mostly depends
on how the product is designed, not how the product is used.

4.3 De�ne

This part aims to answer the question ofwho are we designing forand what are the
pain points during their appliance usage. Besides, we dive into the special needs of
the users.

4.3.1 Target group of ATAG

The case company ATAG holds a vision of "we love to cook". They have de�ned
three personas that represent their customers:social chef, semi-pro and pleasure
seeker. Based on the user research, a new personasustainable chefwas added.
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Figure 4.6: Personas: (1)Social chief, (2)Semi-pro

Figure 4.7: Personas: (3)Pleasure seeker, (4)Sustainable chief

The four personas are all cooking enthusiasts with di�erentiated needs, drives, which
are de�ned in this phase to identify the pain points. In short, "want to get socially
engaged in the kitchen" is the main feature of thesocial chef. Semi-pro emphasizes
the improvement of techniques and is looking for challenges, whilepleasure seeker
tends to look for joy through creations and experiments. Besides,Sustainable chef
values the impact on the environment she/he makes during the cooking process.
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The four personas were a starting point of the following ideation, they consolidated
the de�nition and characteristics of the target group. The four personas are demon-
strated in Figure 4.7.

4.3.2 Target user of the new App

Although ATAG de�ned their customers as cooking enthusiasts, we don't think the
target group of the new App should remain the same. Since the CE features would
add a new selling point for the brand other than the original ones. Here we de�ne
the target users of the new App as people who use the ATAG appliance for now or
likely in the future.

4.3.3 Consumption behavior analysis

To identify users' behaviors that cause wasteful energy consumption, theConsump-
tion behavior cycleframework was utilized. This framework is stated by Selvefors,
A., Pedersen, K. B., Rahe, U. (2011) that can be used as a guide for studying user
actions and behavior. It helps direct and rationalize the user studies and thereby
more e�ciently gain insights on new possible product opportunities [31]. Users' un-
sustainable behaviors were summarized from the user research, speci�cally from the
semi-structured interviews. The behaviors cover the whole life cycle of the product
or system, from the users' need arising to the need ceased. The consumption cycle
of kitchen appliances and unsustainable consumption behaviors are illustrated in
Figure 4.8.

Five main issues regarding users' wasteful consumption were identi�ed during the
study: unclear to users about what is truly needed when a need to purchase or
consume a product or service arises; users' unawareness of energy consumption when
starting using a mode or product; their energy-wasting habits during active use;
the accumulated damage to the product caused by insu�cient cleaning, improper
operation or lack of knowledge; and the barriers to maintain the product due to lack
of knowledge or higher costs.

And since this project's main focus is the after-sale service that relates to the cir-
cular economy, the issue of the angularity about what is needed when the user is
purchasing a product was discarded from this project's scope.

This framework articulates the former general user studies' insights to valid points
that can directly facilitate further steps in a highly visualized way. Within this
systematized consumption cycle analysis, solutions that may reduce the wasteful
behaviors can then be found with close correspondence to each issue. When selecting
suitable intervention approaches that stimulate users' positive actions to prevent
the possible wasteful behaviors, three focuses were determined: increase knowledge,
engage, and steer&spur. The initially generated design tactics are:

ˆ Increase knowledge about prolonging the product' lifetime
- Feedback on the current condition/energy consumption
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- Assist them to choose the suitable mode
- Instructions on repair/accessory replacement/cleaning

ˆ Engage the users in CE by persuasive design
- Make the �buy-back� service process simple
- Storytelling (eg. tell people how will their recycled products be used

again)

ˆ Steer&spur
- Provide rewards to circular behaviors, for instance, coupons for using the

recycle service ATAG o�ers

Figure 4.8: Identi�ed user actions and habits from the consumption cycle,
adopted fromDSCB-appraochby A. Selvefors et al. (2011) [31]

4.3.4 User journey Mapping

To identify the CE economy opportunities, the team went through the current three
user journeys when the appliances are maintained/repaired, reused, and refurbished,
and created three user journey maps accordingly (see Appendix). The maps aim to
demonstrate how the experience can be broken down into more detailed steps when
people accomplish the tasks and eventually get their expectations ful�lled without
the App to be designed. The users' mental model was considered and their possible
pain points, as well as expectations, were identi�ed. Accordingly, what opportunities
are there were identi�ed during their possible experience.
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The maintain/repair map shows the journey users walkthrough from �rst being
aware that there is a problem to �nally getting it �xed. The reuse journey happens
when the user is going to move out and sell the appliances. She �rst may start with
cleaning, and then look up and decide on the price he is going to sell it for, followed
by posting the information somewhere like the Facebook marketplace.

The refurbish journey happens when a manufacturer allows for a �buyback� service
so the user can sell the old appliance back to the product manufacturer. But from
this journey, the team realized that from the users perspective, instead of wondering
how the refurbishment will be done by the manufacturer, they probably care more
about how much refund will go to them, what is the price evaluation standard as
well as the transparency and fairness of its process.

However, the journey being said is never the only one for each occasion. There is
always an easier way to accomplish each task and some of the steps are skippable
depending on di�erent situations. But the longer and more twisty journeys were
picked, the more pain points and design opportunities can be revealed.

The main �ndings of the three traditional journeys were concluded as: (a) Mainte-
nance/repair information cannot be easily found when is needed. (b) Non-transparent
repair process. The repair time and cost are usually vague. (c) Users have to do the
information collection and comparison work manually.

4.4 Ideation round I

The ideation phase aimed to answer the following questions: 1) How to design an
App for less energy-intensive use? 2) How to tackle the pain points identi�ed in the
three current journeys by involving ATAG's App?

Design can in�uence people's using behaviors of appliances hence support energy
conversation [32]. Also, designers can make changes at di�erent layers of Design to
in�uence people's preconditions for acting with technology, one of the categoriza-
tions de�ned a �ve-layer pattern as shown in Figure 4.9. In this project, our ideation
will mainly focus on the bottom two layers: interaction functions and communica-
tion functions of the mobile app. Speci�cally, following the proposed guideline for
supporting less energy-intensive use of appliances [32], �ve insights were concluded
about how the mobile app that assists energy-saving behaviors could be designed:
1) Levels . Provide energy-saving mode with di�erent levels of intensity for di�erent
purposes. 2)Feedback and communicate . Visualize energy consumption sum-
mary and how much could be saved 3)Customization . When using an automatic
programme, allow the user to customize some steps. 4)Nudging . Nudge the user
to make an energy-saving choice. 5)Assist . Give suggestions on mode/setting
choices based on the user's needs.
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Figure 4.9: Di�erent artefact-related aspects that a�ect people's preconditions
for acting with technology [33]

To answer question 2), based on the identi�ed opportunities in the three user journey
maps, storyboards are created to speculate how the app could be properly involved
in the circles. The team imagined that except managing and connect kitchen ap-
pliances, the app could also be a tool that facilitates self-check and repair booking
service (Figure 4.10), as well as the taking back service (Figure 4.11).

Figure 4.10: Storyboard:the repair circle

Figure 4.11: Storyboard:the sellback circle
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4.5 Lo-� prototyping

With the information architecture diagram as a basis, the lo-� prototype started on
Figma. It mainly covers two user �ows - the repair service �ow and the sell-back �ow.
Re�ected on the circular cycles, the repair service belongs to the maintain/repair
�ow and the sell-back service is composed of the refurbishment and recycle �ow.
As shown in Figure 4.12, both repair and sell-back functions can be navigated from
the appliance's page. However, the hierarchy of each function is determined by the
usage frequency. Because of the high durability of kitchen appliances, people don't
use the repair or sell-back functions as frequently as functions like remote control
or monitor. Therefore they are one hierarchy lower than these functions. Except
for the structure-wise consideration, the lo-� prototype de�nes the interface layout,
�ows, and information.

Figure 4.12: Lo-� screens: Navigate to repair and sellback feature
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