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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], the 3R 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 effective 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 different phases of the product lifecycle into the 3R 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 efficiency. 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 different services
in different 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
staff and customers and enable direct messages (push notifications), 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 notifications, 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. Specifically, 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 first. 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 reflective practice: Through making
designs as solutions, the researchers are reinterpreting the "wicked problem" in an
iterative process. Frayling’s research 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 refine the design concept with increasing fidelity [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 as throwaway 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 the butterfly diagram. This
diagram captures the flow of materials, nutrients, components, and products, whilst
adding an element of financial 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 profitable 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 first 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 refinished 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 specifications 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 significantly 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 financial 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 confirm 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 different sets of results con-
firmed the study results, whilst the differences 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
Affinity diagram
An affinity diagram is a process to externalize and meaningfully organize data from
research into logical groups [19] [17]. Affinity 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 fictional 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 profiles, 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 figure 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 identified 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 fidelity of a prototype reflects how “finished” it is perceived to be by users.
Prototypes’ fidelity mainly varies in the area visuals, content, and interactivity. In
this project, both low-fidelity prototypes and high-fidelity 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-fi 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 sufficient 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, specific tasks. The usability tests will
reveal defects in the user flow regarding efficiency, effectiveness, and satisfaction in
a quantified context of use [23].
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4
Process

The iterative design process (Figure 4.1) contains five phases, research, define,
ideate, prototype and test. The last three steps were went through twice for two
prototypes, and multiple iterations of changes and refinements.

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 defined 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 different 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 that Communicate how functions,
settings, and loads influence 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 different 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 identified
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 app has the corresponding function, while the
dash means to some extent relevant. (1) There is no demo product in 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 off 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 confidentiality 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 fixed 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 definitely 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, specifically, 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 defines 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 briefly 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 different 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 offer them (Question list
see appendix A.3).
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4. Process

Conducting SSI

During the interviews, tips to effectively 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 affinity 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 different 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 findings.

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 different 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:

• Same between weekdays and weekends (I-1,6,12)
• More at weekends (I-2,3,4,7,9,11)
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• 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 different" 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 affect the next use, while some others think the
appliance needs to be cleaned from outside to inside and properly dried. They also
reflected 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/filter
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 find instructions on search engines because of the missing instruction book.
Only half of them take action to save energy during cooking. The actions include:

• Turn off appliances in time.
• Decrease the switching frequency (eg. fridge.)
• Temperature adjustment.
• Use eco modes.
• Make use of the space. (eg. oven)
• 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 off 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 off
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 sacrifice time to sus-
tainability when busy. Notably, people have different definitions 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 overflows 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 different time as well
as Appliances aging. Besides, one was upset about having to use different apps for
different 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 confirmation and comprehension are gained through finding
the intersection and disjoints of two different data results from qualitative and quan-
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titative research4.5. The convergent findings form the confirmation, and together
they explain detailed understanding of the phenomenon under study [16].

Figure 4.5: Confirmation and comprehension: Related concepts [16]

Confirmation of Results

Approximately 12 interviews and 120 online surveys were statistically and concep-
tually compared for confirmation. Statistically, the percentage of each essential
question was compared to get confirmed 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 finding is that some interviewees stated some
actions are not motivated by saving energy, but out of safety considerations or food

17



4. Process

taste. For instance, some said they turn off 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
different 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 reflect a person’s values and affect 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, Insufficient information for maintenance by themselves was reflected as a
problem. Many people have tried to fix 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 reflected 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 Define
This part aims to answer the question of who are we designing for and 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 defined
three personas that represent their customers: social chef, semi-pro and pleasure
seeker. Based on the user research, a new persona sustainable chef was 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 differentiated needs, drives, which
are defined in this phase to identify the pain points. In short, "want to get socially
engaged in the kitchen" is the main feature of the social chef. Semi-pro emphasizes
the improvement of techniques and is looking for challenges, while pleasure 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 definition 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 defined 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 define
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, the Consump-
tion behavior cycle framework 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 efficiently gain insights on new possible product opportunities [31]. Users’ un-
sustainable behaviors were summarized from the user research, specifically 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 identified 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 insufficient 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:

• 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

• 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)

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

recycle service ATAG offers

Figure 4.8: Identified user actions and habits from the consumption cycle,
adopted from DSCB-appraoch by 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 fulfilled without
the App to be designed. The users’ mental model was considered and their possible
pain points, as well as expectations, were identified. Accordingly, what opportunities
are there were identified during their possible experience.
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The maintain/repair map shows the journey users walkthrough from first being
aware that there is a problem to finally getting it fixed. The reuse journey happens
when the user is going to move out and sell the appliances. She first 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 different situations. But the longer and more twisty journeys were
picked, the more pain points and design opportunities can be revealed.

The main findings 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 identified in the
three current journeys by involving ATAG’s App?

Design can influence people’s using behaviors of appliances hence support energy
conversation [32]. Also, designers can make changes at different layers of Design to
influence people’s preconditions for acting with technology, one of the categoriza-
tions defined a five-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. Specifically, following the proposed guideline for
supporting less energy-intensive use of appliances [32], five insights were concluded
about how the mobile app that assists energy-saving behaviors could be designed:
1) Levels. Provide energy-saving mode with different levels of intensity for different
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: Different artefact-related aspects that affect people’s preconditions
for acting with technology [33]

To answer question 2), based on the identified 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-fi prototyping
With the information architecture diagram as a basis, the lo-fi prototype started on
Figma. It mainly covers two user flows - the repair service flow and the sell-back flow.
Reflected on the circular cycles, the repair service belongs to the maintain/repair
flow and the sell-back service is composed of the refurbishment and recycle flow.
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-fi prototype defines the interface layout,
flows, and information.

Figure 4.12: Lo-fi screens: Navigate to repair and sellback feature
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Figure 4.13: Lo-fi screens: the sellback flow

4.5.1 Lo-fi usability testing
Subsequently, the usability tests were conducted on the interactive low-tech proto-
type. Since the fidelity and quality of this prototype are relatively low, with missing
pictures and less detailed information, participants will focus more on pitching the
flows, instead of the look & feel, hence helps defect and issues in the current pro-
cesses. A small sample size of participants (6 in total) was recruited from the target
group, who have all participated in the survey (but not the interviews) before and
were aware of the topic of this project. The reason for not involving the interview
participants is to eliminate the bias when recruiting since the team already knows
them and their habits.

All of the usability tests were carried out through remote meetings, where the par-
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ticipant gets access to operate the virtual App prototype on the website and their
screen and voices were shared and recorded. Each usability test was composed of
three phases - firstly, the moderator introduces the project, the product, the testing
process, and the consent; secondly, participants are assigned several short explicit
tasks in the App and their behaviors are observed, feedback are recorded; lastly,
some post-test interview questions are asked. The participants were encouraged to
think aloud while conducting the four tasks as following:

1. Suppose that now the door of your dishwasher is leaking, and you are going
to refer to the app and find out how to fix the problem.

2. Sell back your dishwasher to the company.
3. Check your "Sustainability credits".
4. Check the Cleaning records and describe how you interpret this page.

If the participant got stuck in a step, the moderator will intervene and provide some
hints or instructions. The obstacles will be noted down and the moderator will ask
the reason why the user doesn’t know what to do or chooses the other paths. After
each task, supplementary questions were asked to obtain the motivations and details
of some in-App behaviors, for instance, "is there anything that you think is confusing
in the process"? The data of the usability tests were then transcribed and extracted
to keep only the most important insights. Another worksheet of lo-fi usability tests
summary was created, in which the insights were pinpointed. Before summarizing
the vital insights in the worksheet, the team has discussed the highlighted data
one by one to decide whether it is a representative point. After the revision of the
summarized data, refinements were made to improve the defective processes. And
the sustainability credits and cleaning records feature were discarded according to
the interpretation of the usability tests. "I mean it looks like a good thing, but I
might get a discount after several years’ accumulation, and wait for several other
years to use it." said one participant. Since credit-gaining resources are very limited
in the current system, only from using the repair or sellback services, users can
rarely get enough credits to exchange discounts. Additionally, kitchen appliances
have a very high life expectancy ranging from 4 years to 23 years [34] and high
durability, which means consumers will seldom use the repair and feature, and even
lower needs to purchase new products to redeem the discounts. Therefore, this
feature was eliminated in the following versions.

And the cleaning record feature was mainly restricted by technological limitations.
Since this feature was developed within the scope of current appliance capabilities,
no hypothetical features were added to achieve this cleaning monitoring function.
The recording actions weren’t automatic. Contrarily, they need users’ manual op-
erations to add the record, turn on notification, and it requires users’ self-discipline
to act right when seeing the cleaning reminder. Many participants expressed their
doubts about such a function. One of them stated, "Do I need to record it my-
self? Then I won’t use this function, it’s too troublesome. I understand its meaning
though." Even though users can understand the intention of the cleaning record fea-
ture, they don’t want to bear the burden of always keeping track of the cleaning
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frequency. Another user mentioned that this feature is a departure from people’s
using habits, "there’s no conditional reflex to click a button after cleaning". Unless
this recording work and cleaning work can all be done by the appliance or App, most
users won’t use this function. After thorough consideration, this feature should be
removed from the current scope. However, the design of the information display
and notification feature might inspire future development if more advanced sensors
or curators emerge.

For the repair and sell-back features, a few usability flaws were identified. Regarding
in-App navigation, the current back button inside the request-creating process
creates confusion. According to the participants, it was ambiguous whether it means
back to the last step or exit the process. Hence the team decided to add a short
descriptive word "exit" beside the back button to declare its purpose. Besides, two
participants had trouble finding the repair function on the appliance information
page. They tried navigating to My page and didn’t see it as expected. "Didn’t
expect there to be a repair button in the dishwasher (page)" claimed one participant.
Another participant thought "it looks like I will enter the control function if I select
those appliances on the home screen". To these users, it is more intuitive to have
the repair or sell back function on My page. However, from a user habits aspect,
it’s highly comprehensible because most e-commerce platforms cultivated such a
behavior model. In addition, users are used to performing order-related actions
such as returning or changing orders on My page. Therefore, another entrance to
manage and monitor the repair and sellback requests was added on My page with a
high visual hierarchy to adapt to users’ behavioral habits. Users can add a repair
or sellback request on that page and monitor the process there.

Another topic that many issues occurred was feedback, especially when certain
steps are completed in the app or the service flow. Most problems lay in the repair
process display part. Except for obvious problems such as overlapped information
and implicit phrasing, request procedure information feedback was discussed most
often. In reality, most repair tasks can be done at the customer’s home, but in
other cases, the appliance needs to be taken to the company for repairing complex
problems according to officers in ATAG. When being asked to assume the situation
when the appliance has to be taken away to fix, people’s opinions are divided. Some
participants think the App should provide the longest-time guarantee to lessen their
worries, while others think guaranteed time is unnecessary because of the uncertainty
corresponding to different problems. But after an inner discussion, the design team
came to the agreement that though customers’ attitudes are important, the actual
implementation is up to the company’s deployment and business model in the future.

The discussions were triggered by the question "Do you think it’s necessary for you
to know information about when the product can be sent back to you?" Starting
from this question, the topic extended to varied real-life situations in the discussion.
Thus, some hidden problems that this flow hasn’t specify were brought up. One
participant said "As a happy flow, the payment process is good enough. But if the
payment fails, there will be more screens to do." This participant also mentioned
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the cancellation regulations stipulate users couldn’t cancel the request if passing the
valid dates, which might cause an awkward situation and cost loss on both sides. For
instance, if the last valid cancellation day has passed, the customer couldn’t cancel
the repair service booking even if he/she has an emergency and will not be at home
as scheduled. To solve extreme cases like this, a small but effective improvement was
made - quick access to the customer service chat was placed on the top right of the
screen in the form of an icon. This design decision was made with the consideration
of two aspects. On the one hand, extreme cases rarely happen, so the supportive
feature shouldn’t impede the common flow or adding complexity to the original
flow. On the other hand, the App should offer easy and accessible means for users
to solve extreme cases. For example, the user can ask the online service staff to help
cancel or change the appointment manually. In this way, a considerable amount of
human resources can be saved by transitioning most of the service to the App while
providing a smooth experience for customers.

4.5.2 Result and changes
As a result, the information architecture was modified (see Appendix). Also accord-
ing to the users’ feedback as well as our heuristic evaluation, three main changes
(Figure 4.14) were made: (1) Cleaning reminder and Sustainability credits features
were removed due to low tendency or frequency of use. (2) No more preliminary
condition questions for the users in sellback flow. The reason for having the pre-
liminary condition judgment was to give the user a more accurate price. However,
for the appliances, the core part, which is the most valuable part, usually needs
professional examination when the user sells it back. The pre-judge answers from
the user don’t influence the price offer that much. (3) Two entries: allow two ways
to do the same things. During the tests, some participants found it not easy to
quickly navigate to where they want when they were trying it for the first time.

Figure 4.14: Changes after lo-fi prototype
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4.6 Ideation round II
This section explains how the new feature subscription was came up.

It is not easy to create an innovative product just based on users’ needs. To get
more insights, designers sometimes envision the future lifestyle through a backcasting
approach. Namely, to reframe the present and the future and bridge between them
by designing interventions for the near future. In this project, a sustainable future
is that the inner loops are more common than the outer loops. The present is the
fact that ATAG already has a B2B subscription model. So for the near future, a
new idea of a to C subscription service was generated.

A subscription service means that the supplier (ATAG) retains the ownership of the
appliances and selling the product as a service. The users hence don’t purchase the
product at the original price but can still use the product through a more affordable
monthly rent.

4.7 Stakeholder workshop with ATAG
As the pain points of the end-users were identified and broke down at the earlier
stages, it is also essential to know what challenges are there from the company’s
perspective. The workshop aimed to figure out what forces are working against
the three circular economy features (subscription/lease service, repair/maintenance
service, sell-back service) and possible solutions to deal with the challenges. Due
to the limited time, the group wrote down the barriers and discussed the solutions
verbally. The subscription service was the main focus and took the longest time.

The participants for this 1-hour workshop include an innovation manager and a de-
sign manager from ATAG, as well as the two thesis members. The method Barriers
break down [35] from the circular design guide is used to define the challenge and
brainstorm the possible ideas.
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Figure 4.15: Barrier break down worksheet from the workshop: subscription
service

For the subscription(leasing) service, the participants mentioned that there is al-
ready a subscription B2B model. But for the use on an individual level, the barriers
fall into 6 categories: (1) User’s attachment. People prefer buying to renting some-
times because they don’t feel attached enough to the leased products. (2) Product
condition. Products could be unclean or damaged when they are returned. (3)
Trust. Customer trust remains a crucial component in developing loyalty to the
brand [36]. The two managers mentioned that they don’t want the customers to
think they pay too much for the subscription, neither think that it is more cumber-
some to go through the related process or contract. (4) Transportation costs, There
will be many deliveries that happen when the new subscription order is placed or
when it reaches the deadline of the contract. How to arrange the delivery due to
the consideration of sustainability and cost is a challenge. (5) Partnership. Alone
by ATAG cannot make this subscription model work. Some partnership between
other companies is in need. For example, the insurance company, logistic company,
housing corporation, or cleaning company. (6) Marketing. It is also a challenge to
identify for which customer this is a good solution and conduct the target marking.
However, it was noticed that although the barriers were identified by the partici-
pants, it was not easy for them to brainstorm the solutions since the firm hasn’t
started transitioning to the circular model.

30



4. Process

4.8 Evaluation and refinement
"How to solve the barriers identified during the workshop and design the subscription
service for individual use?" is the main question that will be answered in this section.
Considering the scope of the project, only the first four barriers mentioned in the
last section will be further discussed.

How to make people feel more attached to their leased product?
Consumer-product attachment is also understood as the emotional bond consumer
experiences with a durable product. One of the reasons that many people prefer to
buy products than leasing one is because the emotional bond is much stronger when
they have ownership of the product. To simulate the degree of customer-product
attachment, the designers are suggested to design products that evoke enjoyment
(by improving the usability, incorporating surprise into products, or supporting the
accumulation of memories), or facilitates associations between the products and
users, place, or events [37]. Other than this, another factor that stops people from
leasing products is sometimes the leased products only allow for limited service,
while with purchased ones people have more choices. For example, the Warranty
issues.

For the subscription service in this app, the following features were refined: (a)
Upgrade, Purchase, extend/terminate the contract. Users can easily upgrade their
products to the newest model (might incur extra expense) without waiting for the
old contract to end. In addition, they can purchase the product after a period of
leasing, which makes full ownership. Moreover, the contract is also flexible to be
extended. With the options being given, the usability is greatly improved, hence
evoke enjoyment during the whole experience. (b) Energy consumption and carbon
footprint tracking. This will strengthen the association between the products and
users, as well as users and the "energy-saving" or "low-carbon life" events, which
could hence increase the emotional bond. (c) The leased products allow for the
same repair service as the purchased products have. So the users won’t feel being
constrained when using the leased products.

How to keep the condition of the product as good as possible?
People tend to take more care of the products they buy because the salvage value
belongs to them. However, if it is a leased one, the user may spend less effort
on maintenance since the salvage value belongs to the lessor company instead of
herself. Murthy [38] pointed out 3 ways to deal with potential asset abuse problems
for the lessor. Specifically, by charging a larger lease fee to cover the loss, providing
maintenance service (a service lease or a full-service lease), and covering specific
problems via provisions in the contract.

In the ATAG app case, the third way is used, by specifying the cleaning responsibility
as well as penalties when the users place a subscription order on the webshop, and
when they first access a subscribed product on the app. The idea is to encourage
people to take their part of the responsibility by reminding them of the consequence.
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Figure 4.16: Key elements for maintenance of leased items [38]

How to reassure users about the subscription model?
Here the subscription means that the user pays a monthly fee to gain access to the
appliances or related services. The two managers mentioned in the workshop that
they don’t want the customers to think that they are paying too much. In fact, The
subscription model, in which that the supplier(eg. ATAG) retains the ownership of
the products and "selling the product as a service" [13], is supposed to benefit all
stakeholders that concerned and even the economy as a whole [14]. Because other
than the benefits to the supplier, the consumers do not need to pay by themselves
for any supply for the products or components that might be expensive. To reassure
the users about the subscription model, communication and strategies are needed
to raise the awareness that the subscription model actually helps people save money
and time, and will finally contribute to sustainability.

Since the subscription ordering happens on the webshop, no prices will be shown in
the app. But the app enables previewing the subscription functions by providing a
demo product. Namely, users know what to expect there before they place a sub-
scription order. The trust is built when they realize how convenient the subscription
services are, and how little difference there is compared to buying a new product.

How to minimize cost of delivery out of both environmental and econom-
ical consideration?
The delivery needs to increase accordingly as the appliance subscription service
arises, which brings both environmental and economical costs. But there are ways
to minimize the cost, for example, the supplier can set more warehouses. For the
app, since it allows for bookable services, the delivery routes can be arranged prop-
erly according to the time and distance to minimize the cost.

After analyzed the notes from the workshop as above, a more clear picture of how
would the subscription service work between the end-user and the company was
formed. The flow of how the subscription service works are visualized as Figure
4.17. The subscribed product is delivered from ATAG to the user after he/she
placed a subscription order on ATAG’s webshop. The App assists the user on the
daily use as well as on supporting services like terminating the contract, upgrading
to a new model, booking repair service, and providing cleaning tips. Products may
be transferred between the user and ATAG. But it will finally go to the next user.
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Figure 4.17: Subscription flow

4.9 Hi-fi prototype and usability testing
After implementing all the identified improvements above from the lo-fi tests and
finishing all the hi-fi screens, the second round of usability tests was planned and
conducted. There are 10 participants in total, each test session lasts 30-40 minutes.
To eliminate the interference of previous knowledge about the app thus detect prob-
lems from the novice experience, the participants recruited here are those who have
not been in the lo-fi test.

The Hi-fi usability testing aims to get feedback on the subscription flow, which
included five tasks. After each task, there were several questions. The tests ended
with a list of post-test questions. Specifically, the five tasks were: (1) Check the
detailed information of a subscribed appliance. (2) Terminate the contract. (3)
Extend the contract. (4) Upgrade the appliance. (5) View the energy consumption
screen.

All the participants managed to complete all the tasks, In general, they thought the
mobile app has made the subscription items easier to manage compared to if only
with the website. However, some faced a few confusions and problems during the
process. In summary, there were three main points as following that need refining:

Feedback. Since most of the features include a step-by-step process, it’s important
to display necessary information the user filled in/saw from previous steps to reduce
the memory load.

The old energy consumption screen cannot effectively motivate energy-saving behav-
iors as expected. Some participants reflect the current screen may let them notice
the consumption states of the appliances but that they still have no idea how much
is too much or what to do to save energy," I see the numbers... but I don’t know
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what I can do with the numbers".

Error prevention. Some confirmation information was missing for a few decision-
making actions like payment or upgrading, like "When I am at the confirmation
screen, this is no model/price information that I can make the final check.", which
makes the users feel they do not have sufficient information to continue.

According to the feedback, the screens were refined.
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Results

This chapter presents the results of this interaction design project. Namely, how
the user experience and interface design solve the research question in multifaceted
aspects. Features that aim to close the loops in different cycles will be explained
and illustrated with the final design. The chapter starts with an overview of the
whole service flow, and then followed with screens designed by us.

5.1 Overview
This App focuses on the after-sale services within the whole product consumption
cycle, which implies that most App usage happens when they already have the ap-
pliances product, hence there are no shopping features involved in this app. Namely,
it doesn’t intend to replace the current online webshop, on the contrary, it means
to supplement the "after-sale" services by supporting scenarios such as repair, sell-
back, and subscription. In these different scenarios, the App facilitates users with
trouble-shooting, encouraging users to reduce energy consumption. Elaborately,
once the appliance is added/registered on the App (automatically is the product
is purchased/subscribed directly from ATAG, also manually if the products are ac-
quired from other channels, for example, second-hand market), customers can check
the appliance information, access the services on the app. However, the purchasing
action only happens on a webshop. In a few cases when purchase-related information
is displayed, such as when seeing an electronic component in the repair instructions,
a shortcut of "go to the webshop" will be provided. The user can navigate from this
shortcut button to the in-App browser of the ATAG online webshop.

The service people are also pivotal stakeholders of this App, who follow up the
requests once being placed. They will use a management platform to monitor the
process, confirm the situation, and further send out technicians to diagnose the
problem on-site. The information will be sync on both the enterprise’s end and the
customers’ end. When a broken appliance is diagnosed for a certain problem by a
technician, a problem diagnosis report will be logged in the system and presented
on the customer end. It is noteworthy that, the enterprise end product is beyond
the scope of this project. Only the customer end product will be further presented
as the following.
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5.2 Four tabs
We kept the old structure of the App but redesigned the UI. 5.1 shows how the four
tabs look and feel.

(a) (b) (c) (d)

Figure 5.1: Four tabs: (a) Home (b) Tips and tricks (3) Recipe (4) My page

5.3 New features
Three circular features are designed to integrate on the App. On a basis of not
interrupting the original structure, these new features provide easy and accessible
customer services including repair, sellback, and subscription (lease and pay by
months). Among them, the repair is an existing service, while sellback and sub-
scription are newly designed.

5.3.1 Home appliance screen
Figure 5.2 shows the home screen and interface when the user click on a certain
appliance.
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(a) (b)

Figure 5.2: (a) Home screen (b) Dishwasher screen

5.3.2 Repair
Repair service is already available on ATAG’s website (but not on the App), which
includes two separate parts: Use and Maintenance and Technician visit. In the new
App, the two separate parts are merged into one flow, specifically by encouraging
the users to check the possible errors themselves, and then book a technician visit
if the error is still not solved.

The instructions list for trouble-shooting (content from ATAG) aims to support users
with diagnosing or repair by themselves, instead of reaching out to ATAG instantly
when a problem occurs, due to that some minor problems could be solved by the
users themselves if given enough information. If users couldn’t find the matching
solution or the solution doesn’t work in some particular cases, there’s a "book repair
service" button to reserve professionals to visit. To complete the appointment, the
users walk through the information filling-in process step by step. The interfaces
are shown in Figure 5.3.
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(a) (b)

Figure 5.3: (a) Problem faults (b) Repair instruction

(a) (b) (c) (d)

Figure 5.4: (a) Problem description page (b) Contact details page (c) Date
selection page (d) Request successfully submitted

After filling in the reservation information including problem description, contact,
address details and expected visiting time, the user can submit the repair request
and wait for the technician to visit. On the submission screen, the user can easily
navigate to the process tracking page by pressing the check my request button.

38



5. Results

On the process-tracking page, the present stage of the repair flow is presented. If
within two days ahead of the booked date, users can change or cancel the request.
Otherwise, users will need to contact customer service to manually changing the
appointment. After the technician’s visit, the appliance will be repaired at home in
most cases. Then the user needs to pay for the bill to finish the request case.

This feature corresponds to the maintenance cycle in the circular economy system
diagram [13]. Through this cycle, the product and resources will go back to the
users, but with a prolonged lifespan. It decreases new purchasing behaviours.

(a) (b) (c)

Figure 5.5: Check repair request: (a) Repair request process (b) Payment (c)
payment success

5.3.3 Sellback
Sellback feature associates with two loops, the refurbish/remanufacture and the
recycle loop, in the circular economy system [13]. On the customer end, they display
in the same format, which is selling the product back to the same company to earn
appropriate economic profits, in this case, brochures or refunds. The company end
will evaluate whether the appliance should be refurbished or recycle based on its
conditions. And the condition determines the price, namely, how much refund the
user will get from selling it. After the evaluation, the appliance will be reoriented to
the most suitable circular cycle, and continue its service time. The sellback feature
enables better utilization of the products’ surplus-value, through refurbishment on
products or core components.

The sellback feature can be accessed at the appliance information page, see Figure
5.8. The value information card displays the original price when buying and the
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estimated price based on the used time. Below the price information are the sellback
button and a short line "what is sellback" in which users can find an explanation of
this function.

To sell back the appliance (Figure 5.6), the user fills in the form similar to the
repair flow. But instead of a visiting time, the user should choose a time for the
technician to pick up the appliance. After completing the form, the sellback request
will be submitted and the technician will come as scheduled. As is different from
the repair service, in sellback flow the user is informed of the estimated price range
before moving to the next step. The user can choose how the money is refunded, the
amount refunded by coupon will be higher than the option of refunding to a credit
card. However, this process doesn’t require the user to decide on it immediately.
The user can choose one of the refund avenues after the appliance is received and
evaluated by the company.

(a) (b) (c) (d)

Figure 5.6: (a) Appliance information for subscribed products (b) Estimated
price for selling back (c) Personal information (d) Selecting a date for picking up
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(a) (b) (c)

Figure 5.7: (a) Confirm the sellback request (b) Request successfully submitted
(c) Check the sellback request

5.3.4 Subscription
Instead of ownership, in subscription service users lease the appliances and pay the
rent by the month. During the subscription period, the repair service above still
applies. The subscription feature aims to maximize the lifetime of products in the
system.

To start a subscription, the user first goes to the webshop and place a leasing order
by selecting the product he/she wants. After the order is placed, the appliance model
type, the subscription duration, and the user’s basic information will be declared
in a digital lease contract. Besides, the appliance will be registered in the user’s
account and will be delivered to the user’s home in a few days. From then on, all
the follow-up services can be accessed on the App. Namely, the webshop is only
for ordering new appliances, while the App serves for the day-to-day scenarios from
controlling the appliance to repair.

After each lease, the appliance can be cleaned and reconditioned to continue its next
duty. The subscription model makes better use of the resources and reduces unnec-
essary purchase behaviours, hence decrease waste. Besides, A subscribed product is
available for the same service as a purchased product has.

To distinguish the subscribed product from purchased ones, the appliance card on
the my appliances page is tagged with a small icon with a rent indication. Moreover,
the appliance information screen for subscribed products (Figure 5.8) is different,
too. Instead of value information specifying the estimated value of the used product,

41



5. Results

contract information is presented. Underneath there is other options: upgrade and
purchase.

Figure 5.8: Appliance information screen for a subscribed product

When a user first accesses a subscribed product, there are onboarding screens (Figure
5.9) showing the responsibility information as he/she was told when placing the order
on the webshop. Besides, there is also guide for new users.

Figure 5.9: Onboarding screens for first-time accessing the subscribed product

Terminate contract
When the user no longer wants to have the appliance at home. A return process is
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triggered by the terminate button on the appliance information page. When termi-
nating the appliance ahead of the contract time, the user has to pay a compensation
fee. This happens when the user gets a discount for placing an order for a longer
time in the beginning. This progress can be seen in Figure 5.10. A terminate re-
quest status tracking will be displayed in subscription contract once the request is
submitted. As always, users can change the booked pick-up time within a few days
or cancel the request. In the contract list, the current status of a contract’s request
process is presented, which gives users a quick overview of what’s going on. Ter-
minate contract allows for two entrances. One is from the appliance information
page, another is from My page where all the subscription contracts can be found,
see Figure 5.11. By entering the subscription contract page and long-pressing one
contract, the user can terminate multiple contracts at once (same for the extend
contract). For novice users, there will be tips telling them what to do.

(a) (b) (c) (d)

Figure 5.10: Terminate contract screens: (a) Select termination date (b)
Compensation and fine description (c) Personal information (d)Confirm the

termination request
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(a) (b) (c)

Figure 5.11: Check termination process: (a) Request successfully submitted (b)
Subscription contract with on-going process (with a tip for first time users) (c)

Termination progress display

Extend contract
Extending contracts is also possible. When extending an appliance contract, only
two steps are needed - first selecting the date to extend to, secondly confirming the
request. The expense will be displayed later accordingly. Extension summary can be
checked in the subscription bill, where gathers all bills of the subscribed appliances.
The extended ones will be marked with extension tags. The Figure 5.12 shows an
exemplar for extending two appliances’ contracts.
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(a) (b) (c) (d) (e)

Figure 5.12: Extend contract screens: (a) Select appliances (b) Select extension
date (c) Confirm the extension (d) Extension request successfully sent (e)

Subscription bills

Upgrade
Users can also upgrade their subscribed appliance to the latest model at a reasonable
price. This feature adds flexibility for those who want to try the newest product out.
This function is accessed from the appliance information page. When upgrading an
appliance, users first select a model, then select a date for the staff to bring the
new appliance and take away the old one. Once completed, an upgrade request
generates. The process tracking is also available on the subscription contractscreen.
An example of upgrading a dishwasher is shown in Figure 5.13.

(a) (b) (c) (d) (e)

Figure 5.13: Upgrade screens: (a) Selecting appliances (b) Selecting a time to
exchange the appliance (c) Fill in address (d) Confirming the information (e)

Submitted
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5.3.5 Energy consumption/carbon footprint tracking
To motivate users’ sustainable behaviours, some new features were added. The most
obvious one is the energy consumption visualization that presents how much energy,
especially electricity, the user has used (Figure 5.14). The total energy consumption
is displayed in the form of a bar chart. On top of the graph, the user can switch
from three views - day, week, and month, to get different scopes of overviews. Below
the bar graph, the energy consumption of each ATAG appliance is displayed. Users
can quickly realize which of them is using too much electricity. And based on the
consumption pattern, energy-saving tips and tricks are presented as followed. For
instance, if the fridge is using too much energy above average, relevant tips will
be provided such as how to arrange the fridge storage properly to save energy.
According to our usability test results, this feature is very helpful to users who like
to quantify their daily life or care more about the figures and costs.

Figure 5.14: Screens: Energy consumption (daily/weekly)

Another circular feature is the saved carbon footprint, which can be found in My.
A summary of saved carbon footprint is displayed in a small card (Figure 5.15).
Users can switch from three different categories, corresponding to three ways to
save carbon footprint, which are subscription, Using eco modes, and sellback &
repair. Saving here means how much the users have saved compared to not using a
certain service/function.
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Figure 5.15: Screens: my page
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Discussion

6.1 The process
Interviewees and participants
The interviewees and participants in this project were not constrained to ATAG
customers. The reason was that according to the competitor analysis, Apps on
the current market barely have CE features. So to seize more CE opportunities in
people’s kitchen appliance use, whether a person is an ATAG user was not considered
as a requisite when recruiting participants in semi-structured interviews or usability
tests. Moreover, considering that the kitchen is a necessity in modern life and
almost everybody has one, such a service should include the whole society. Everyone
exclusively is a potential user of the circular services ATAG will provide.

Scope and reflection
As the project aimed also to refine the old features, the original ATAG connected
life App was thoroughly evaluated at the initial phase of the research, including a
usability evaluation on all the interfaces. This also explained why cooking habits
and recipe questions were asked in the survey and the interviews. However, as the
research further developed, the team narrowed the scope and focused on designing
new CE features instead of redesigning the whole App. Due to features such as
remote control is considered to be irrelevant to CE, we decided not to refine and
improve them. As a result, the old structure of the non-CE features was kept and
only the UI was refined to create a unified product style.

Limitations due to COVID-19 pandemic
Due to the pandemic situation, the plan of going into people’s kitchens and observ-
ing their behaviors could not be carried out. Besides, most of the interviews and
usability tests were conducted through phone calls or online video meetings. This
resulted in a lacked context that involves the user, thereby desired observation re-
sults were missing such as people’s operations and understanding of the connection
between the physical products and the digital system. However, The design team
had done more preparations to ensure the quality of each semi-structured interview.
For example, the question list was visible to the interviewees during the sessions,
in case of an unsteady internet connection. In the usability tests, people’s cursors
were observed. Their hesitation or wandering was noted down and asked for a fur-
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ther explanation after they finished each task. Thus, some unsaid problems hidden
behind people’s actions could be revealed too.

6.2 The design
Balance the flexibility and complexity
One of the main reasons that lead to care-free consumption habits is the motive
of Marketers’ profit maximization [39]. While circularity sometimes in most cases
means sacrificing some profit for the near future. One of the insights is to simplify the
steps and bring flexibility to the end-users when they access the services. However,
this could meanwhile increase the complexity for the enterprise. For example, in
the design, users can extend their subscription contracts but for a higher price
each month as they want, which makes the company not able to plan ahead for a
certain item, neither arrange the next user it would go to. This naturally brings
more uncertainties. Although a more advanced algorithm for assigning the products
could solve this problem, upgrading the system also costs a lot. Therefore, how much
flexibility the users have heavily depends on the company’s willingness to increase
the complexity of the system.

IoT and CE
The Internet of Things(IoT) is the concept of connecting any device to the internet
and other connected devices. The "things" could be embedded with sensors, software,
and other technologies for the purpose of connecting and exchanging data with other
devices and systems over the internet. IoT could play a vital role in the future, for
example, sensors can be installed in products to track lifecycles and processes of
the services. The data monitoring will facilitate the maintenance and maximize the
lifespan of the products. Although this project didn’t concern any IoT solutions due
to the scope, a trend was clear that IoT will accelerate the digitalization of the CE
in the near future. For ATAG, IoT will be a facilitator of product-service solutions
as suggested herein.

Potential impacts of promoting CE
It was pointed out by some researchers that promoting reuse and refurbishing could
have unintended impacts such as delaying or crowding out innovation for invent-
ing newer, more energy-efficient products. However, this could also be a strong
argument that indicates the importance of exploring new CE opportunities. Taking
ATAG as an example, by developing the subscription model alongside the tradi-
tional sales business, more financial flexibility could be allowed for the enterprise to
adjust the enterprise structure and strategies, hence better looking for breakthrough
opportunities.

6.3 Future work
Circular Economy communication with end users
The realization of CE needs the end-users to take their part of the responsibility. It
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is of vital importance to communicate the concept, connotation, as well as influence
with the end-users so that they will have an accurate understanding and further take
actions. The user studies done in this project have found that people interpreted CE
very differently. Many have been interpreting it simply as specific events or behaviors
such as recycling or energy conservation. Many other end-users think there is too
little that they can do about CE in appliance usage. Some believe the responsibility
of circularity lies heavily on the product engineering and manufacturing sides. This
project barely touched on how to make accurate communication of CE the concept
itself. Instead, the broad concept was broke down into different circles with which
the users are more familiar. In the future steps, strategies and tactics need to be
considered to transform the terminologies people are familiar with to a consciousness
of contributing to CE.

Modular design of appliances
Modular design improves the repairability of the product along its lifecycle, and
eases processes for module assembly, disassembly, return, further refurbish, and
reuse. However, for electric appliances, especially build-in ones, the users tend to
be unable to do effective maintenance due to the technical barrier. In the future,
appliances could enable more user-friendly maintenance work on the end-user side.
One possible way is to separate the core modules and non-core modules to lower the
risk and difficulties for users to repair or replace the components at home. Besides,
modular design also allows for easy assembly and upgrading with new techniques in
the remanufacturing process, thus avoid obsolescence.

A platform for Multi-brand appliance subscription
The project focuses on how the App could assist only ATAG in the transition from
the linear model to a circular model. Based on the insight of facilitating the B2C
subscription model by a mobile App, here the team pictured a large scope of a
similar idea: An appliance subscription App that supports products from different
brands. With more choices of different brands and appliances, this platform will be
more attractive to the end-users, and the CE concept will be advocated to a larger
range of people.
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The project aims to answer the research question:

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

The answer to the research question is based on an iterative design process including
desk research, user research, design solution exploration, and evaluation. The finding
is a list of tips including finding CE opportunities, using nudges, utilize the app as
an intermediate platform between customers and company,

Finding CE opportunities through both desk research and field studies
Ideally, Many brilliant CE opportunities could be identified in each cycle. But be-
fore turning them into features of a mobile App, the pain points from field studies in
both customers and company sides should be considered. Looking into the supply
chain as well as talking to appliances users in their kitchen could reveal the most
practical areas. Besides, the factors that evaluate the usability of mobile applica-
tions (simplicity, accuracy, time taken, features, attractiveness, and safety) [40] also
exclude some inoperative and ineffective opportunities.

Nudging the users to take up their responsibility
The subscription model, which stands for use instead of ownership as disruptive
thinking, has been previously embraced by many big firms as a B2B model. When
it is applied in the individual term, the degradation incurred by improper use or
carelessness could be a big obstacle. To raise the awareness of the customers about
their responsibility for products throughout the products’ service lives, hence making
the transformation happen, some useful ways were identified to nudge the users:

• Specifying the responsibility and reminding the consequences, which
prompts individuals to reflect on the consequences of their actions. By clar-
ifying the consequences(penalty or credits) of not following the instructions
or not properly cleaning via provisions in the contract and on the onboard-
ing screens, the users may feel more motivated to take up their part of the
responsibility.

• Raising the visibility of users’ actions. This method is originally used
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to leverage the spotlight effect which makes the user realize or even overes-
timate the impact of his or her behaviours, thus promoting behaviours. In
this project, it was employed when designing the carbon footprint screen and
energy consumption screen. Sometimes people don’t change their behaviours
only because they cannot see the influence they could make by changing. The
mobile app is a good platform to visualize the data that provide valid feedback
hence promote behaviour change and perception reinforcement.

• Subliminal Priming. Prolonged exposure to a stimulus can effectively ac-
tivate non-conscious goals and trigger the desired behaviour more likely to be
performed. Integrating the CE features on a daily used mobile App prime the
circularity concept subliminally when people are using the App.

The App as preliminary support before the customers reaching to the
company
Ideally, from the customers’ perspective, the App helps achieve greater efficiency
when customers access the services. and works as a preliminary trouble-shooting
and guidance tool before the customers directly reach out to the company. Namely,
when problems occur, the users should be firstly check in the App instead of directly
turning to the company.

Reduce the misunderstanding of "there is little that I can do" by provid-
ing CE information and tips
Our research found that people seldom think about their responsibility beyond own-
ership. Providing information like "what happens next to your recycled product" by
telling the story of how the enterprise will employ in subsequent steps of CE could
draw the attention and invoke reflection of the end-users. Besides, giving tips for
energy-saving to the user when certain behaviours are detected (eg. tips on energy
consumption screen according to usage stats)is another useful way.

As communication providing a "preliminary knowledge", enabling options that are
away from the traditional throw-away Consumption model is a start point. Ser-
vices like sell-back, subscription can close the loop and properly pass corresponding
responsibilities to the end-users.

Using financial reward, emotional rewards and flexibility as incentives
With the stated options triggering behavioural change, incentives further retain the
level of motivation. Financial reward (eg. sell-back) is an effective prompt for
novice users, while emotional reward (eg. getting a sense of achievement through
the carbon footprint screen) is more effective as they grow up to intermediate users
and experts. Besides, flexibility as one of the factors of usability can also promote
loyalty.
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After Lo-fi tests
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A.9 Evaluation: Lo-fi usability testing

Task
Repair flow

Suppose that now the door of your dishwasher is leaking, and you are going to refer to the app and find out how to fix

the problem.

1. Please find the repair function

(the user has found the self-repair instruction)

According to the self-repair instruction, it seems to be a problem that you can’t fix all by yourself.

2. What would you do to book an appointment with a technician on this app?

2.1 upload a picture of your leaking dishwasher.

2.2 tell him the entrance code of your building.

3. Check your request

4. Change your appointment and reschedule it.

5. ***Several days passed, the technician arrived as scheduled. And after checking, it was taken with the technician

to the company for repair. As you can see on this page, there’s a pick-up time under repair, do you want a

guarantee with a maximum time here like “the appliance will be sent back to you within 30 days”? Or do you

think it’s more suitable to not be given info about when it will be fixed since the time is not sure?

6. Pay the repair fee

Questions:

● Is there anything you think is confusing?

● How difficult do you think each task is? (1easy - 5difficult)

● What do you care most about when you send an appliance to be repaired?

Sellback flow

1. You are going to sell back your old dishwasher, How would you do it?

2. Now your appliance has been picked up and sent back to the company for further inspection, please find out

where you can get the final price and accept a credit card refund.

2.1  The final price is lower than the estimated one, what would you do to find out why?

Questions:
● Is there anything you think is confusing?

● How difficult do you think each task is? (1easy - 5difficult)

● If you get 20% more by choosing to get a coupon, will you feel motivated to do so?

Sustainability credit

Please go to my page and check your credit. What do you think of it? Is there anything you don’t understand?

Clean

In the action list, there’s a “cleaning record” function, please try it out and describe what you can do with this function.

Post-test interview questions

● How would you describe your overall experience with the product?

● What did you like the most about using this product?

● What did you like the least?

● What, if anything, surprised you about the experience?

● What, if anything, caused you frustration?
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A.10 Evaluation: Hi-fi usability testing

Purpose
Test the subscription feature

Tasks
Check the info

1. Now here’s the homepage, suppose you just subscribed a dishwasher, now you need to go to the app and check

this appliance info. Describe functions you see and how you interpret them. (*What do you think of the

purchase function?)

Terminate & Extend

2. Now suppose you are going to terminate the subscription ahead of the contract time. What would you do?

2.1. Check the process when you finish submitting the request.

(Appliance -> Termination -> Check the process)

3. Now suppose you want to extend the subscription of Dishwasher (for 3 months) and Hobs (for 2 months). Back

to the subscription contract screen, what would you do to extend the subscription? (Contract -> check the

subscription bill)

Upgrade

We also have this upgrade service, in which you can change your appliance to a new model without waiting for the

contract to end.

4. What would you do to upgrade the appliance? (Appliance -> Upgrade -> choose the model that the user wants

to upgrade to -> check the process)

Energy consumption

5. what do you think of the energy consumption page? do you think you will use it? Do you think it will help you

save energy?

Questions after each task:
● Is there anything you think is confusing?

● How difficult do you think each task is? (1easy - 5difficult)

● How useful do you think each function is? (1not useful at all - 5 very useful)

Post-test questions

● Among the different functions you just tried out, which one do you like the most? why?

● How would you describe your overall experience with the product?

○ What did you like the most about using this product?

○ What did you like the least?

○ If anything, surprised you about the experience?

○ If anything, caused you frustration?
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