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Tsugi: Exploring the Interactions among Humans,

Artefacts, and the Environment through Repair

Category: Design

Summary

This research will focus on exploring the possible interaction among humans,
artefacts and the environment so that people’s right to repair can be enhanced.
Repair is often considered a sustainable approach to expanding products’ lifespan
or enforcing the emotional attachment towards the artefacts. However, in this
research, repair is mainly treated as a dynamic process that negotiates at various
levels so that the artefacts can be contingently stable within their ecology. By
conducting a literature review, auto-ethnography, ethnography, workshop, and
survey, a wide range of insights towards repair experience was collected, and the
current design for repair principles was examined. This would inform a potential
design guideline that not only focuses on product design but also considers the
collective system of repair, such as the life cycle and context of products, from the
aspect of designing a better repair experience, which would also enhance people’s

right to repair.
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Chapter 1
Introduction

1.1. Research Background

In recent years, sustainability has emerged as a critical global concern, prompting
a renewed focus on the lifecycle of products. The “right to repair” movement has
gained momentum, particularly in European countries, advocating for consumers’
ability to repair their devices [1]. This shift in focus has led to a transition from
eco-design, which primarily considers environmental impact during the production
phase, to a circular economy approach that emphasizes the entire lifecycle of a
product, including repair and reuse [2].

A notable example of industry engagement with sustainability demonstrates the
growing industry interest in sustainable practices. Take the fashion industry as an
example, Zara recently introduced “Home Repair,” a program aimed at empower-
ing consumers to repair their clothing through sharing several videos of mending
clothes at home [3]. UNIQLO also launched RE.UNIQLO Studio as a sustainable
approach, which offers a variety of clothing repair and recycling services in stores,
such as mending, embroidery, and sashiko [4]. Similarly, Patagonia has pioneered
various initiatives, such as the mail-in repair service, DIY repair and care guides,
and the Worn Wear program, which encourages repair and reuse which extends
the lifespan of its products [5].

However, traditional design practices often prioritize novelty and planned ob-
solescence, leading to the premature disposal of perfectly functional products. As
Shedroff [6] points out, designers are frequently taught to create new products,
even when existing ones are still viable. This approach, coupled with the inten-
tional design of products to fail, as explored in Slade’s [7] book “Made to Break,”
perpetuates a culture of consumption and waste. Moreover, the design of products

can limit repair possibilities [8].
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The resistance to accessible and affordable repair is understandable from a
business perspective, as Perzanowski [9] highlights in the book “Right to Repair,”
the potential threat that accessible and affordable repair poses to the business
models of many consumer goods companies. These companies often rely on short
product lifespans to drive sales and profits. To counteract this, Munten et al. [10]
suggest that manufacturers can leverage product repairability as a positive brand
attribute, particularly when perceived product reliability is low.

From a perspective of empowering individuals to challenge consumerist norms,
by engaging in repair practices, individuals can not only extend the lifespan of
their products but also foster a sense of community and environmental responsi-
bility. Houston [8] argues that repair can address concerns about alienation from
technology, wasteful consumption, and environmental damage.

In light of these complex factors, understanding the relationships between de-
sign, repair, and consumer behaviour is essential. Developing practical guidelines
for designing better repair experiences can contribute to a more sustainable fu-
ture, empowering consumers to make informed choices and prolong the life of their

products.

1.2. Research Objective

This research aims to contribute to the field of design for repair by shifting the
focus from traditional aspects such as product design, sustainability, and emo-
tional attachment to a more holistic approach that centres on human-artefact
interaction. By delving into the dynamics of this interaction, this research seeks
to improve the right to repair and enhance the overall repair experience.

To achieve this objective, the following research questions will be addressed:
e How do humans and artefacts interact in the repair process?

— This question seeks to understand the cognitive, physical, and emo-
tional factors that influence the repair process by mapping out the

relationship and interactions of human-artefact.

— It aims to identify the challenges and opportunities that arise from the

interaction between humans and artefacts during repair.
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— The finding of this question would become the foundation of the up-

dated version Design for Repair guideline.

e From a designer’s perspective, does the guideline of Design for Better Repair

Experience help design a more repairable product?

— This question explores the role of design in shaping the repair experi-

ence.

— It aims to identify design limitations, strategies and possibilities that

can enhance the accessibility, affordability, and satisfaction of repair.

e From a user perspective, does the design example of the guideline which

considers the repair experience make people more willing to repair?

— This question investigates the impact of the design example of the
Design for Better Repair Experience guideline on user behaviour and

attitudes towards repair.

— It aims to determine whether the relevant design interventions can

motivate people to choose repair over replacement.

By addressing these research questions, this study will contribute to a deeper
understanding of the human-artefact relationship in the context of repair and pro-
vide valuable insights for designers, manufacturers, and policymakers. Ultimately,
this research seeks to foster a more repair-oriented society by promoting a design

approach that prioritises the repair experience.

1.3. Research Methodology

This research employs a mixed-methods approach, combining both qualitative and
quantitative research methods to gain a comprehensive understanding of repair
experiences and to develop an updated framework for Design for Repair. In terms

of data collection, the research will be done as follows:

e Literature Review: A comprehensive review of existing literature on repair,
including academic articles, industry reports, and design guidelines, will be

conducted to establish a theoretical foundation.
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e Auto-Ethnography: The researcher will document their personal experiences
with repair, including challenges, successes, and emotional responses. This

will provide first-hand insights into the repair process.

e Ethnographic Study: An ethnographic study will be conducted within a
repair community to observe and document the social and cultural aspects
of repair. This will involve participant observation, interviews, and artefact

analysis.

e Creative Repair Workshop: A workshop will be organized to encourage par-
ticipants to engage in creative repair activities. This will provide opportu-

nities to observe and document innovative approaches to repair.

e User Survey: A survey will be administered to a diverse group of partici-
pants to gather quantitative data on their repair experiences, attitudes, and

preferences.

To analyse the collected data and gain useful insight, the following methodology

will be used:

e Thematic Analysis: Qualitative data from auto-ethnography, ethnographic
study, and workshop observations will be analysed using thematic analysis

to identify recurring themes and patterns.

e Quantitative Analysis: Quantitative data from the user survey will be anal-

ysed using statistical methods to identify trends and correlations.

Based on the insights gained from the data analysis, a new framework for Design
for Repair will be developed. This framework will focus on the human-artefact
interaction aspects of repair, considering the entire lifecycle of a product, from
design to disposal, to create a better repair experience. The updated design for
repair will be examined by designer interviews, and Designers will be interviewed
to evaluate the effectiveness of the Design for Repair principles in guiding the
redesign process and to identify any challenges or limitations. On the other hand,
a case study involving the redesign of a fan will be conducted to illustrate the
application of the new Design for Repair framework. The redesigned fan will be

evaluated through User Interviews, and users will be interviewed to assess their

4
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Ideation and Pretesting Proposal

Design for Better
Auto-ethnography Repair Experience

Traditional Kin

Literature Review +

Repair Community Ethnography Evaluation

Kintsugi Transformation Workshop .
User Experiment

Designer Interview
Repair Survey

Figure 1.1 Thesis Structure

experiences with the redesigned fan, including ease of repair, perceived quality,
and overall satisfaction.

By combining these research methods, this study aims to provide a comprehen-
sive understanding of repair experiences and to develop a practical framework for

designing products that are more repairable and sustainable.

1.4. Thesis Structure

This thesis (Figure 1.1) investigates the human-artefact interaction within the
context of repair, aiming to improve the right to repair through a more holistic
approach to design. By focusing on the repair experience, this research seeks to

develop a framework for Design for a Better Repair Experience.

Chapter 2: Literature Review and Related Works

This chapter establishes the theoretical foundation for the research. It explores
the concept of repair, the human-artefact interaction during repair, and the factors

influencing repairability. Additionally, it delves into the field of Design for Repair,
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reviewing existing frameworks and methodologies.

Chapter 3: Design Process

This chapter outlines the design process employed in this research. It begins with
a series of exploratory studies, including auto-ethnography, a Kintsugi Transfor-
mation workshop, an ethnographic observation of a repair community, and a user
survey. These studies provide insights into the motivations, challenges, and expe-
riences of repair. Based on these findings, a new framework for Design for Repair
is developed, emphasizing the importance of the repair experience. A case study

involving the redesign of a fan demonstrates the application of this framework.

Chapter 4: Evaluation and Results

This chapter presents the results of the prototype testing, including user exper-
iments and expert interviews. The user experiments evaluate the impact of the
redesigned fan on user experience, while the expert interviews assess the effective-

ness of the proposed Design for Repair principles.

Chapter 5: Discussion and Conclusion

This chapter discusses the implications of the research findings, highlighting the
potential to improve people’s right to repair through a more human-centred ap-
proach to design. It also acknowledges the limitations of the study and suggests
directions for future research.

By combining theoretical analysis, empirical research, and design practice, this
thesis contributes to a deeper understanding of the human-artefact relationship in
the context of repair and provides practical insights for designers, manufacturers,

and policymakers.



Chapter 2

Literature Review and Related
Works

2.1. What is Repair?

According to the Cambridge Dictionary, Repair is “to put something that is dam-
aged, broken, or not working correctly, back into good condition or make it work
again” [11] (Figure 2.1). However, the definition of repair and its differentiation
between repurposing and upcycling are hard to define because of the diverse con-
text. To better clarify the terminology, we first need to understand the interactions

between humans and artefacts which lead to breakage and repair.

2.1.1 Human-Artefact Interaction through Repair

The Human-Artifact Model [12] and artefact ecologies dynamics [13]were one of
the aspects used to illustrate the complex interactions not only between humans
and artefacts but also between artefacts and artefacts. There are three stages,
stable, unsatisfactory, and excited, within the artefact ecology, which indicates
the over time changing relationship of artefacts [13]. In the stable stage, the arte-
facts are fitted into the ecology and explored for possible usage. If tensions are
caused due to the mismatched expectations of motivation and function, the ecol-
ogy would develop into the unsatisfactory stage, which would eventually evolve
to the excited stage, while a new artefact is added, and the artefact would be
explored with all levels of activities development [13]. While the tensions within
the ecology are not always associated with physical damage, the model can help
us visualize interactions at both macro and micro levels, especially when con-
sidering the various strategies for addressing system damage, such as reliability,

redundancy, repair, or replacement [14]. The tensions caused by breakage and its

7
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Artefacts suddenly requires
attention from the user.

Figure 2.1 The artefacts’ condition before and after repair.

relevant repair activities keep the artefact in the ecology could be spotted in both
the macroscopic scale, which is the interactions and relationships between arte-
facts, and the microscopic scales, which are inside the artefacts between parts and
parts. The “double dance of agency” [15] describes the intricate relationship be-
tween humans and machines, which could also be applied to humans and artefacts.
Both possess agency, meaning they can independently act, make decisions, and
influence their environment. Importantly, their agency is interconnected. Human
actions determine how machines function, while machine actions in turn shape
human behaviour and choices. This dynamic interaction is constantly evolving,
with both humans and machines adapting and learning from each other over time.
From the human perspective, when a ready-to-hand artefact breaks, it suddenly
requires attention [16] because of the sudden increase in friction and people would
confront the thingness of the artefact, since the relation between human and arte-
fact changes momentarily [17]. Then, a decision of repairing or not would be
made by the human [18]-normally by a consumer [19]-based on the use value, the

assertion of the good’s value under the human needs [20]. In other words, if peo-
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Figure 2.2 The diagram of repair, upcycle and repurpose

ple have concerns about slowing down the new resource usage and allowing more
resource recreation time, repair is the strategy for recovering product value [19]
and contributing to the ecology of care [21].

The repair activity not only refers to the mending or reconditioning of an arte-
fact to restore its form or function [9] but also an act of creativity [22], an exten-
sion of making or a form of design-in-use (23], which explore the alternative use
of technology or artefact. Since repair does not have to be an exact restoration,
which means that the outcome could be variate, improvisation and innovation [24].
Hence, some of them could also be upcycling or repurposing (Figure 2.2), due to
the increasing value or the change of main function after repair [25]. Therefore,
repair could also be likened to Ingold’s Making as a process of becoming [26],
or Freud’s notion of a death instinct [24], that an artefact would never finish re-
pairing, and repair should be considered as an ongoing process, which includes
patching, reconfiguring, interpolating and reassembling the setting from previ-
ously existing forms [27].

On the other hand, sharing the same aspect with making as the dynamic inter-

9
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play between humans and materials. [26], repair is also a social practice that builds
valuable skills, such as analytic reasoning, strategic thinking, and creativity [9],
since disconnection produces learning, adaptation and improvisation that makes
the new solutions [24]. Additionally, repair contributes to the design of a new
pathway for the artefact [21], by helping us develop a more complete understand-
ing of how a device operates, creating relationships, enriching our awareness of
the world around us and shaping it. [9] [26]. Thus, Repair empowers us by making
us freer, more autonomous, and more in control of the world we live in [9]. Hence,

repair is essential for people’s ownership of the artefact [9] [28].

2.1.2 Right to Repair

The “right to repair” is defined as the users’ right to make decisions on their
products, especially empowering individuals through having the freedom to modify
and repair, ability to repair or better accessibility to repair service [9,29-32], which
is also an essential aspect to interpret people’s ownership of artefacts [9]. The
growing recognition of the right to repair, as reflected in the ongoing dialogue,
is driving a more sustainable and user-centric approach to technology, while also
inspiring innovative methods of resistance, such as reverse-engineering devices,
bypassing technological locks, and sharing repair knowledge despite corporate
opposition [9,31]. In recent times, the debate has extended to legal proceedings,
regulatory bodies, and legislative halls. Repair advocates are now focused on

overturning laws that impede their ability to fix devices [9].

Grass-roots Advocacy Community of Right to Repair Movement

The Right to Repair movement boasts several key advocates. Organizations like
Repair Café, The Repair Association (repair.org), The Restart Project, and iFixit
are all fighting for the “Right to Repair.” They tackle planned obsolescence by
advocating for easier access to spare parts, repair manuals, and diagnostic tools.

Inspired by the local design exhibition’s emphasis on repair and creative reuse,
Martine pioneered the world’s first Repair Café, hosted in a movie theatre lobby in
Amsterdam [33]. This innovative concept aligns with the global Repair Café move-

ment, supported by the Repair Café Foundation [34]. This movement encourages

10
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community-led repair events, where volunteers share their skills to mend broken
items, thereby reducing waste and promoting sustainable practices. Repair Cafés,
typically situated in neighbourhoods, provide a platform for individuals to gather
and collaboratively repair a diverse range of household items, including electrical
and mechanical devices, bicycles, clothing, and more. These events, often held at
fixed locations, are organized by dedicated volunteer repairers [35].

Compared to the Repair Café movement, which focuses on community-based
repair initiatives, organizations like the Repair Association (repair.org) [36] play
a crucial role in advocating for consumers’ rights to repair their own electronic
devices. This US-based non-profit champions legislative efforts to secure access to
repair information, parts, and tools, empowering individuals to fix their gadgets
and promoting a more sustainable consumption model. Their work aligns with
the goals of the Digital Right to Repair Coalition, further solidifying their position
as a leading advocate for consumer rights in the repair landscape.

While the Repair Association advocates for legislative changes to make repair
more accessible, iFixit takes a different approach. iFixit [33,37] empowers people
to repair their own devices by providing comprehensive online resources. Their
website offers free repair guides, parts, and tools for a wide range of products.
This challenges restrictions imposed by manufacturers who may prefer consumers
to replace broken devices rather than fix them. iFixit’s philosophy aligns with
the ”Repair Manifesto” which states that if you can’t fix it, you don’t own it [38].
By promoting DIY repairs, iFixit contributes to a more sustainable consumption
model and reduces electronic waste.

The Restart Project [39], a UK-based non-profit, advocates for extending the
lifespan of electronic devices and making repairs more accessible. By organizing
community repair events, providing training, and building repair directories, they
empower individuals to fix their own devices, reducing electronic waste and con-
serving resources. The Restart Project’s mission aligns with the broader goal of
transitioning from a throwaway culture to a repair-oriented society. They actively
campaign for policies that support the Right to Repair, aiming to influence both
government regulations and industry practices to promote more sustainable and
repairable products.

These organizations collectively form a multifaceted front in the fight for the

11
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Right to Repair. By engaging communities, advocating for legislation, and provid-
ing resources, they empower consumers and independent repair shops to fix their
electronics and appliances, rather than being forced into costly replacements. This
approach promotes a more sustainable future by reducing electronic waste and fos-
tering a culture of repair. As the Right to Repair movement continues to gain
momentum, these organizations, alongside many others, are actively working to

create a more sustainable and equitable future.

Top-down Policy Implementation of Right to Repair

The grass-roots movement for the right to repair has gained significant momentum
in recent years, driven by concerns over product longevity, environmental impact,
and consumer choice. This section delves into the evolving landscape of right-to-
repair legislation and policies across various countries.

The European Union (EU) has been at the forefront of this movement, intro-
ducing regulations to facilitate product repair and extend product lifespans. In
2023, the EU introduced a new regulation on the “right to repair,” aimed at re-
ducing repair costs and promoting a circular economy [1]. This regulation covers a
wide range of products and includes provisions for easier access to spare parts and
repair information, as well as prohibitions on practices that deliberately hinder
repair. The UK has also taken steps to promote the right to repair through its
eco-design regulations. These regulations mandate the availability of spare parts
for certain product categories, making it easier for consumers and professional re-
pairers to extend the life of their devices [40]. Furthermore, France has introduced
a product repairability index, which provides consumers with information about
the repairability of various products. This index is intended to encourage man-
ufacturers to design more repairable products and empower consumers to make
informed choices [41].

While the EU has made significant strides in the right to repair, the United
States has also taken steps to address this issue. The Massachusetts Motor Vehi-
cle Owners’ Right to Repair Act, which requires carmakers to provide independent
repair shops with access to diagnostic tools, has set a precedent for the broader
right-to-repair movement [33]. Additionally, the U.S. Copyright Office has recog-

nized the importance of consumer repair rights and has clarified that copyright
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law does not prevent consumers from repairing their own devices. However, chal-
lenges remain in the U.S., particularly in the area of electronics repair. Green
standards have become easier for manufacturers to meet, potentially hindering
efforts to promote product longevity and reduce electronic waste [42].

While there is a growing global movement to recognize and protect consumers’
rights to repair their own products, Japan faces unique challenges due to its
specific legal framework [43]. The Japanese legal landscape presents a complex
interplay of regulations that both facilitate and hinder the right to repair. While
the Antimonopoly Act (M 5%E 1EV%) offers some protection for third-party repair
services, as seen in cases involving elevator parts and printer cartridges, other
laws, such as the Radio Law (FEJJ%), pose significant barriers. The Radio Law,
designed to regulate radio waves, imposes strict requirements on the modification
of devices, effectively limiting repairs to manufacturers or their authorized service
providers. Conversely, the Fair Trade Commission’s (2 1EH{G]ZE B 42)guidelines
and the Appliance Fair Trade Council’s(% [E 5K iZ & <8 W 2 IEHUG| g =)
regulations offer some consumer protections, including minimum parts retention
periods. However, these measures are often voluntary and do not provide the
same level of consumer protection as the legislative mandates found in Europe.
In conclusion, while Japan has made strides in protecting the right to repair
through antitrust law, comprehensive legal protections comparable to those in the
EU remain elusive. The interplay between intellectual property rights, consumer
protection laws, and industry self-regulation continues to shape the landscape of
product repair in Japan [43].

The right to repair debate involves a complex interplay of consumer rights,
manufacturer interests, and public policy. Proponents argue for increased con-
sumer choice, reduced electronic waste, and lower repair costs, while opponents
raise concerns about product safety, security, and innovation.

As technology continues to evolve, particularly with the rise of the Internet of
Things (IoT), the right to repair becomes increasingly important. IoT devices
present unique challenges due to their complex software and hardware compo-
nents. It is crucial to consider the implications of these devices on repair, main-
tenance, and sustainable development [30].

To fully realize the benefits of the right to repair, it is essential to consider not
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only legal frameworks but also the practical aspects of repair. This includes study-
ing the design and use of products, as well as the skills and knowledge required
for repair [27,44]. By fostering a culture of repair and empowering consumers, we

can create a more sustainable and equitable future.

2.2. Repairability of Artefacts

2.2.1 Negotiation in the Process of Repair

The process of repair is a complex interplay of technical, social, and cultural fac-
tors. It involves a series of negotiations and decision-making, often collaborative
in nature. As Rosner argues, “maintenance, care, and repair are negotiated —
often collaboratively — in use and the meaning-making associated with use, rather
than the meanings pre-specified by designers” [45]. This negotiation includes the
identification of breakdown, collaborative definitions of worth, and the gendered
stakes of repair [45].

Marie Lefebvre further breaks down the repair process into five distinct stages:
pre-decision, decision, preparation, repair, and post-repair [46]. The pre-decision
and decision stages involve the prosumer’s assessment of the item and their own
capabilities. Research by Lundberg et al. suggests that consumers often feel most
confident repairing textiles and bicycles, and their willingness to develop repair
skills is influenced by factors such as education, previous experience, and environ-
mental concerns [47]. Additionally, Scott’s study on repair motivation highlights
the impact of market, product, and consumer factors on repair propensity [48].

The preparation and repair stages involve the practical aspects of the repair
process. Hielscher identifies several types of repair acts, ranging from quick fixes
to complex repair projects [35]. These acts often involve diagnosing, fixing, and in-
tegrating components. Maestri’s research emphasizes the importance of resource-
fulness, adaptation, and quality in self-repair practices [23]. People often find
innovative ways to reuse materials and modify objects to suit their needs, demon-
strating the creative potential of repair.

The post-repair stage involves the assessment of the repair outcome. Graham

highlights various possibilities, including bodged jobs, upgrades, cannibalization,
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and complete rebuilds [24]. Jung introduces the concept of “repairedness,” which
refers to the negotiated outcome of the repair process [49].

Overall, the literature suggests that repair is a dynamic multifaceted activity
with significant social, cultural, and environmental implications. It is a process
that involves both technical skills and creative problem-solving. As Graham ar-
gues, “Maintenance and repair is an ongoing process, but it can be designed in
many different ways in order to produce many different outcomes and these out-
comes can be more or less efficacious: there is, in other words, a politics of repair

and maintenance” [24].

2.2.2 Factors of Repairability

Repairability, the ability of a product to be repaired, is influenced by a complex
interplay of economic, technical, psychological, and infrastructural factors. Un-
derstanding these factors is crucial for promoting sustainable consumption and

reducing electronic waste.

Economic Factors

Economic factors play a significant role in influencing repair decisions. The cost
of repair, including parts, labour, and service fees, often outweighs the perceived
value of a repaired product, especially when compared to the cost of a new re-
placement [9,50-53]. Additionally, the lack of economic incentives for repair and

reuse hinders the development of a sustainable repair ecosystem [51].

Technical Factors

Product design significantly impacts repairability. Features like glued components,
proprietary parts, and complex disassembly processes can make repairs difficult
and time-consuming [9,50,51]. The availability of spare parts and repair manuals is
also crucial for enabling repairs [9,31,54,55]. Moreover, although there are several
standardized repairability assessment methods, such as EN 45554 [56], the lack
of assessment methods for other product categories, particularly for mechanical

products, hinders the development of repairable products [55].
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Psychological Factors

Consumer attitudes and perceptions play a significant role in repair decisions.
While consumers may be open to repairing their devices, factors such as the per-
ceived cost-effectiveness of repair, the quality of repaired products, and social
norms can influence their choices [9,31,51,52,57,58]. Manufacturers often prior-
itize technological advancements and aesthetic appeal over repairability, leading
to products that are difficult to repair [59]. Also, existing repairability assessment

methods often focus on design rather than the actual repair experience [55].

Infrastructural Factors

The availability of repair services and skilled technicians is essential for promot-
ing repairability. However, limitations in repair infrastructure, such as the lack
of accessible repair shops and the high cost of repair services, can discourage
consumers from repairing their devices [9,50,51,53]. Additionally, legal and regu-
latory barriers, such as restrictive repair practices and copyright laws, can hinder
the development of a thriving repair ecosystem [51].

In conclusion, addressing the complex interplay of economic, technical, psycho-
logical, and infrastructural factors is essential while discussing the repairability
of a product. By offering a better repair experience and reducing the friction in
the repair process through designing products that are easy to repair, providing
accessible repair services, and fostering a supportive regulatory environment, we

can encourage consumers to repair rather than replace their devices.

2.3. Design for Repair

2.3.1 Design for X

Design for X (DfX) is a strategic approach to product development that aims to
optimize various aspects of a product’s lifecycle, including design, manufacturing,
assembly, testing, service, and disposal. By integrating specific design consider-
ations into the early stages of the product development process, DfX seeks to
enhance product quality, reduce costs, accelerate time-to-market, and improve

overall product performance. This holistic approach has evolved from its origins
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in manufacturing efficiency to encompass a broader range of concerns, such as envi-

ronmental impact, supply chain sustainability, and product serviceability. [60-62]

2.3.2 Design for Repair Development

Design for Repair (DfR) is a proactive approach to product design that prioritizes
the ease of repair and maintenance. By incorporating repairability into the design
process, manufacturers can extend the lifespan of products, reduce waste, and
minimize environmental impact. This strategy aligns with the growing global
emphasis on sustainable design and consumption. Repair is an integral part of
our daily lives, yet it is often overlooked in product design [63]. DfR challenges
this conventional approach by considering repairability as a core design criterion.
By employing modular components, standard connectors, and easily accessible
parts, products can be more readily repaired, leading to reduced costs, lower
environmental impact, and enhanced customer satisfaction [64]. Mead’s insightful
analysis in [18] underscores the interconnectedness of design and repair. While
design creates a blueprint for production, repair engages with individual objects,
demanding a deep understanding of their construction and functionality. Both
designers and repairers share a common goal: to solve problems and extend the life
of products. However, they approach these challenges from different perspectives,
highlighting the importance of empathetic design that considers the entire product
lifecycle, from creation to disposal.

Design for Repair (DfR) and Design for Maintenance (DfM) are closely re-
lated strategies that aim to improve product longevity and reduce environmental
impact. While DfR prioritizes the ease of repairing broken components, DfM fo-
cuses on minimizing the effort and cost associated with regular maintenance. Both
approaches can involve self-repair by end-users or professional repair by manufac-
turers or third-party service providers [65]. As Mead [18] observes, many modern
products, such as cars, appliances, and electronics, are designed more for mainte-
nance than for repair. This often involves replacing entire modules or assemblies,
rather than fixing individual components. While professional repair services can
be efficient, they can also be costly and time-consuming. Self-repair, on the other
hand, empowers users to take control of their devices and can be a more sustain-

able and affordable option. However, it requires products to be designed with
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repairability in mind.

The Role of the User in DfR

User motivation and barriers significantly influence repair decisions. Huang et
al. [66] found that factors such as the availability of repair parts, tools, and guide-
lines impact consumers’ future purchasing behavior. Terzioglu [67] introduced the
Repair Motivation and Barriers (RMB) model, highlighting the interplay of tech-
nical, emotional, and value-related factors in shaping repair decisions. Renske van
den Berge et al. [68] demonstrated that clear fault indications can significantly
increase users’ willingness to repair by boosting perceived self-efficacy.
Facilitated Do-It-Yourself Repair (FDR) [69] emerges as a promising approach
to empower users and promote sustainable consumption. By providing clear in-
structions, tools, and support, companies can encourage users to engage in repair
and upgrade activities. This can lead to increased customer loyalty, positive brand
perception, and reduced environmental impact. However, implementing FDR re-
quires careful consideration of several challenges. Designing repairable products,
providing effective user education, and addressing potential stigmas associated
with repair are crucial steps. By striking the right balance between user auton-
omy and guided support, companies can create a positive and empowering repair

experience.

Design Strategies for DfR

Designing products for repair requires a holistic approach that considers both
product design and consumer behavior. Mead [18] highlights the challenge of
anticipating and designing for specific repair scenarios. Rosner [45] emphasizes
the importance of understanding the broader context of use, including material,
economic, and cultural factors.

Chamberlain [70] outlines key design principles for repairable products, such as
modularity, removable batteries and screens, standard fasteners, and clear repair
manuals. These principles align with the work of iFixit, which has established a
reputation for promoting repairability through analysis and advocacy.

Roskladka’s review [19] emphasizes the importance of considering both prod-

uct design and consumer preferences. While physical aspects like modularity and
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spare part availability are crucial, understanding consumer behavior and prefer-
ences is equally important. By analyzing product usage data, manufacturers can
design products that are not only repairable but also desirable to consumers.
Pozo-Arcos et al. [71] highlight the importance of clear and accessible repair in-
formation, including detailed fault diagnosis procedures. Kilic et al. [31] emphasize
the role of online communities and manufacturer support in facilitating repair. By
providing clear instructions, tools, and troubleshooting guidance, manufacturers
can empower users to undertake repairs independently. However, Lee [72] notes
that factors such as access to repair services, cost, and trust in repair providers

can also influence consumer decisions on repair.

Implications for Industry and Policy

The successful implementation of DfR requires a multi-stakeholder approach, in-
volving OEMs, service providers, and consumers. As Roskladka [19] highlights,
OEMs play a pivotal role in shaping product design and repair strategies. By
prioritizing modularity, standardized components, and accessible repair documen-
tation, manufacturers can significantly enhance product repairability. Saidani [32]

explores the potential implications of DfR across various industries:

e Electronics: Design for disassembly and modularity are essential for enabling

consumer-led repairs.

e Biomedical Devices: Strict quality regulations are necessary to ensure the

safety and reliability of repaired devices.

e Apparel: Providing clear information on repair and disposal can empower

consumers to make more sustainable choices.

Government policies and regulations can play a crucial role in promoting DfR.
As mentioned in 2.1.2, Right-to-repair legislation, which grants consumers the le-
gal right to repair their devices, can incentivize manufacturers to design products
with repairability in mind. Additionally, developing standardized repairability
metrics and certifications can help consumers make informed choices and encour-

age manufacturers to prioritize repair-friendly designs.
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DfR Implication Examples

A compelling example of design exploration for DfR comes from The Agency of
Design’s “Design Out Waste” project [73]. Focusing on electrical products, this
initiative explored alternative approaches to product lifecycles that prioritize re-
pairability and minimize waste. Through research and product dissections, the
project revealed the limitations of current recycling methods for complex elec-
tronics. It then presented three toaster prototypes, each showcasing a different
DIR strategy: The Realist focused on robust materials and easy disassembly, The
Pragmatist prioritized replaceable modules, and The Optimist explored innova-
tive biomimetic materials designed for easy disassembly and recomposition. This
project demonstrates how design exploration can push the boundaries of DfR,
fostering creative solutions that benefit both consumers and the environment.

Patagonia’s return and repair policy exemplifies service design for DfR, [5]. Their
website offers clear instructions and resources to facilitate product repair, extend-
ing the lifespan of their garments. Customers can easily access repair guides, order
replacement parts, and even find authorized repair shops near them. This user-
friendly approach empowers customers to actively participate in DfR by repairing
their Patagonia gear instead of simply discarding it. This not only reduces waste
but also fosters customer loyalty by demonstrating the brand’s commitment to
product sustainability and responsible consumption.

Kibu [74] provides a unique example of rethinking manufacturing through imple-
menting 3D printing in DfR. Their children’s headphones are built with repairabil-
ity in mind, utilizing 3D-printed components. This allows for on-demand, local
batch manufacturing, minimizing the environmental impact associated with tra-
ditional production methods. Furthermore, the modular design with 3D-printed
parts enables easy replacement of broken components, extending the lifespan of
the headphones and reducing electronic waste. This innovative approach demon-
strates how 3D printing can not only streamline production but also foster sus-
tainable design practices by facilitating repairs throughout a product’s lifecycle.

Fairphone [75] serves as a prime example of Extended Electronic Equipment
Producer Responsibility (EPR) in DfR. Their smartphones are designed with
modularity in mind, allowing users to easily replace components like batteries and

screens. This aligns with Amend et al.’s research [76], which suggests that users are
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more likely to attempt repairs when products are perceived as self-repairable. Ad-
ditionally, Fairphone provides comprehensive repair guides and readily available
replacement parts, further enhancing the user experience. This holistic approach,
encompassing product design and readily available repair resources, exemplifies
successful EPR in practice and promotes the extension of smartphone lifespans,
thereby reducing e-waste and promoting more sustainable consumption habits.
The integration of Design for Repair (DfR) into the product design process is
crucial for achieving sustainable consumption. By prioritizing repairability, man-
ufacturers can extend product lifespans, reduce waste, and minimize environmen-
tal impact. This literature review highlights the importance of user motivation
and barriers in repair decisions, the potential of facilitated Do-It-Yourself Repair
(FDR), the role of design strategies in promoting repairability, and the potential
direction of implications in the industry. While challenges remain, such as de-
signing for diverse repair scenarios and addressing consumer perceptions, future
research should focus on designing a better repair experience through systems
thinking and user-centred design. By embracing DfR and fostering a culture of
repair, we can create a more sustainable and resilient future for our products and

planet.
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Chapter 3
Design Process

3.1. Overview of Design Process

This design process (Figure 3.1) is divided into two distinct stages, first, Ideation

and Pretesting, and second, Proposal.

Ideation and Pretesting

This initial phase focuses on gathering and analysing information about repair

experiences. It comprises four key components:

e Auto-ethnography: This involves personal reflection on repair experiences,
such as traditional Kintsugi, fixing a rice cooker and repairing a bag, as well

as exploring second-hand markets.

e Repair Community Ethnography: This delves into a repair community in

London, studying the community repair approach.

e Kintsugi Transformation Workshop: This hands-on workshop allows for a
deeper understanding of repair processes and the transformative potential

of repair.
e Repair Survey: This quantitative research tool collects data on people’s
repair experiences and attitudes.

Proposal

Building on the insights gained from the previous Literature Review and the
Ideation and Pretesting stage, the Proposal stage focuses on developing a design

for a better repair experience. The case study, Redesigning a Fan, demonstrates
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'r Repair Experience
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Repair Survey

Figure 3.1 Overview of Design Process

how the principles and insights derived from the previous stage can be applied to
create a more repairable and sustainable product.

By combining qualitative and quantitative research methods, this design process
aims to create a comprehensive understanding of repair practices and to develop

innovative design solutions that promote repair and sustainability.

3.2. Ideation and Pretesting

3.2.1 Auto-ethnography: Repair from a User Perspective

To gather a general idea and concept of the repair experience from a user perspec-
tive, the following four auto-ethnographies were done as a record of observation,
which includes traditional kintsugi practice, rice-cooker repairing, bag repair ser-

vice, and repair, resale and aftermarket.
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Figure 3.2 The urushi and wheat flour mixture for Kintsugi

Traditional Kintsugi Practice

Kintsugi is a traditional Japanese craftsmanship that uses urushi lacquer (Figure
3.2) to mend the breakage areas on pottery. In this Kintsugi practice, a plate with
a crack was repaired and the process, interaction and feeling were recorded.

The clatter of porcelain against the tile, a sharp, sudden sound that pierced the
quietude of my kitchen. A familiar scene, one that had played out countless times
before. A broken dish, a symbol of both fragility and resilience. As I gazed upon
the shattered fragments, a sense of disappointment washed over me, a fleeting
moment of frustration. But then, a different thought emerged, and a spark of
curiosity ignited within me.

I had always been drawn to the concept of wabi-sabi, the Japanese aesthetic that
celebrates imperfection and transience. The idea of embracing flaws, of finding
beauty in brokenness, resonated deeply with me. And so, I decided to embark on
a journey of Kintsugi, the ancient Japanese art of repairing broken pottery with
gold or silver lacquer(Figure 3.4).

The process was a meditation, a slow and deliberate double dance of agency
with the fragments. Each step, from cleaning the pieces to applying the urushi
lacquer(Figure 3.3), which required patience and precision, was informed by the
broken shape of the pieces and the human made the decision and took the action of
repair. As I worked, I couldn’t help but ponder the nature of repair and renewal.

Was I simply fixing a broken object, or was I transforming it into something more?
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oY =

Figure 3.3 The crack after filling with several layers of urushi

Figure 3.4 Final result of the Kintsugi process

The contrast between traditional Kintsugi and modern methods, which often
employ epoxy resin, became apparent. While the latter may offer a quicker and
more durable solution, it sacrifices the vessel’s original function. Traditional
Kintsugi, on the other hand, preserves the object’s purpose, highlighting its his-
tory and the marks of time.

A question arose: Is it worth the time, effort, and materials to repair a broken
dish? The answer, for me, was a resounding yes. The value of an object lies not
only in its utility but also in its story. By repairing the broken dish, I was not

merely restoring it to its original state but imbuing it with a new narrative, a
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Before " After

Figure 3.5 Before and after repair of the Tatung rice cooker

testament to its resilience and the human touch.

A Cross-Cultural Repair: Fixing a Taiwanese Rice Cooker in the UK

The Tatung rice cooker, a ubiquitous household appliance in Taiwan, is more than
just a kitchen tool; it’s a cultural symbol deeply embedded in Taiwanese daily
life. TIts reliability and simplicity have made it a beloved companion for many
Taiwanese people, often travelling with them to foreign countries. However, when
my Tatung rice cooker encountered a mechanical issue in the UK, it presented
a unique challenge: a cross-cultural repair endeavour. The dent in the bottom
of the rice cooker, seemingly a minor issue, had significant consequences. It not
only affected the stability of the appliance but also compromised its steaming
function, a crucial feature for many Taiwanese culinary traditions. The challenge
of repairing it was compounded by its Taiwanese origin, making it difficult to find
a local repair service with the necessary knowledge and parts.

Given the limitations of professional repair services, I embarked on a DIY repair
journey. This involved acquiring the necessary tools, sourcing replacement parts,

and consulting online manuals and tutorials. However, I soon discovered that the
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design of my UK-version Tatung rice cooker differed slightly from the Taiwanese
models, particularly in terms of voltage and component placement, which was
influenced by the context of the rice cooker used since the plug and repair support
of the rice cooker were different from Taiwan.

Despite these challenges, I was able to successfully repair the rice cooker. This

experience highlighted three essential factors for successful DIY repair:

e Repairable Design: The rice cooker was designed with repairability in mind,
meaning that its components and parts were accessible and replaceable.
This is a crucial aspect of sustainable design, as it extends the lifespan of

products and reduces electronic waste.

e Appropriate Tools: Having the right tools, such as a suitable screwdriver,
was essential for efficient and safe repair. The availability of affordable and

versatile tools empowers individuals to take control of their repairs.

e Accessible Knowledge: Online manuals, tutorials, and repair communities
provide valuable knowledge and skills. These resources democratize repair,

making it accessible to people of all backgrounds and technical expertise.

Repairing my Tatung rice cooker was more than just a practical task; it was
a cultural and technical challenge. It underscored the importance of repairable
design, accessible tools, and shared knowledge in promoting sustainable practices
and empowering individuals to take control of their belongings. As we move
towards a more circular economy, it is crucial to prioritize repair and reuse, and
to challenge the throwaway culture that dominates many societies. By repairing
our broken appliances, we not only extend their lifespan but also contribute to a

more sustainable future.

A Reflection on Sending a Bag Back to its Repair Service

The worn bag(Figure3.6), a canvas of my father’s daily life, had finally reached its
breaking point. Its once sturdy strap, frayed and torn, bore witness to countless
journeys carrying the tablet, each stitch a testament to its enduring presence. As

a dutiful daughter, I took on the task of reviving this cherished companion.
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Before

Figure 3.6 Before and after the repair service of the bag

The process, however, was far from straightforward. We had to entrust the bag
to the hands of its original creator, Ichizawa Hanpu [3], a renowned canvas bag
company in Kyoto. With a mix of hope and trepidation, we packed the broken
bag, along with a heartfelt plea and detailed photographs of the damage, and sent
it off on its solitary journey.

Days turned into weeks as we anxiously awaited news. A payment request ar-
rived after a phone call checking the details of the repair process, a stark reminder
of the cost of nostalgia. Yet, the price seemed modest compared to the sentimental
value attached to the bag. It was more than just an accessory; it was a repository
of memories, a silent witness to countless moments, big and small.

A month later, the repaired bag returned, rejuvenated and ready to serve once
more. The torn strap was seamlessly replaced, and the worn fabric was refreshed.
It was as if time had turned back, erasing the marks of its arduous journey.

As T held the repaired bag, a sense of satisfaction washed over me. It was
not just the physical restoration that mattered, but the emotional journey it
had taken. The repair process, though arduous and uncertain with a possible

language barrier, had strengthened our bond with the bag, making it even more
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Figure 3.7 Recycle shop in Japan and its repair and maintenance area

cherished. It was a testament to the enduring power of craftsmanship and the

value of preserving the past.

A Journey into the World of Repair, Repurpose and Second-hand Mar-
kets

My academic journey has been a fascinating exploration of the concept of re-
pair and the often-overlooked pathways that products take beyond the traditional
waste disposal route. To delve deeper into this topic, I embarked on a global
quest, visiting diverse second-hand shops and markets, from the bustling streets
of Tokyo to the quaint boutiques of European cities.

In Japan, I was particularly struck by the prevalence of recycle shops(Figure3.7).
These establishments offer a wide range of second-hand goods, from clothing and
furniture to electronics. Many of these items undergo minor repairs and main-
tenance before being resold, demonstrating a strong commitment to extending
product lifespans. Compared to the research in Spain, states that the most fre-
quently repaired and purchased second-hand items in Spain are vacuum cleaners,

heaters, toasters [51], there seems to be more washing machines, ovens, microwaves
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Vintage Shop Thrift Store Antique Shop

Figure 3.8 Difference between vintage, thrift, antique shop

and refrigerators being sold in the recycle shops in Japan.

Beyond Japan, I encountered a rich tapestry of second-hand commerce (Fig-

ure3.8, 3.9), each with its unique approach to repair and reuse:

Vintage Shops: These curated collections often feature high-quality, pre-

loved items, sometimes with minor repairs or alterations.

Thrift Stores: These stores offer a more diverse range of donated goods,
often at affordable prices. Some thrift stores even have designated repair

sections, where volunteers mend clothing and other items.

Antique Shops: These shops specialize in historical artefacts, many of which

have been repaired and restored over the years.

Charity Shops: These shops sell donated items to raise funds for charitable
causes. Similar to thrift stores, they may offer repair services or sell items

that have been repaired.

Flea Markets: These informal markets offer a chaotic but exciting shopping
experience, where individuals sell a variety of second-hand goods, often with

unique stories and histories of repair and reuse.
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Figure 3.9 Flea Markets in Different Country

Figure 3.10 Worker-suits sold in vintage shops after repair or remake
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Figure 3.11 Difference between Repair, Repurpose, Remake

As I delved deeper into the world of second-hand goods, I became increasingly
fascinated by the creative potential of repair and repurpose. The images (Fig-
ure3.10, 3.11)I collected illustrate three key approaches to extending the life of
clothing and other objects:

e Repair: This involves fixing a broken item to restore its original function.
It is a practical and sustainable approach that can extend the lifespan of a

product and preserve its history and craftsmanship.

e Repurpose: This involves finding a new use for an object that is no longer
needed for its original purpose. It is a creative and resourceful approach

that can reduce waste and give new life to old items.

e Remake: This involves transforming an object into something entirely new,
often using its materials as a starting point. It is a highly creative and
innovative approach that can lead to the creation of unique and one-of-a-

kind pieces.

Through my research, I have gained a deeper understanding of the complex and

interconnected world of repair and repurpose. By exploring the diverse ways in
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which people around the world approach these practices, I hope to contribute to

a more sustainable and circular economy.

3.2.2 Kintsugi Transformation Workshop

This two-day workshop (Table 3.1) aimed to explore the public’s perception of
Kintsugi, a Japanese art form of repairing broken pottery with gold lacquer, in the
context of digital fabrication, repair, and upcycling. The workshop participants,
predominantly high school students from Singapore, were guided through a four-

step process: ideation, modelling, 3D printing, and assembly.

Table 3.1 Workshop Schedule

Time Day 1 Day 2

9:00 | Introduction of KMD Yesterday' s Recap
9:30 - Assembling and Testing
10:00 | Kintsugi Introduction -

10:30 Ideation Discussion

11:00 3D modelling Presentation Preparation
11:50 - Sharing

Workshop Process

1. Ideation: Participants were introduced to the philosophy of Kintsugi, em-

phasizing the beauty of imperfection and the value of repair.

2. Modelling: Using digital design tools, participants created 3D models of

broken objects, incorporating Kintsugi-inspired design elements.

3. 3D Printing: The 3D models were printed using filament materials, simu-

lating the process of repairing broken pottery.

4. Assembly: Participants assembled the 3D-printed pieces with the broken

pieces.
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Step 3. Printing Step 4. Assembly

Figure 3.12 The process of the Kintsugi Transformation workshop

Interview Question

The following are the questions that had been asked in order to gain a general un-
derstanding of the relationship between the participants and the repair/ repurpose

of broken ceramics:

e What do you think about the making process? How do you feel during the

process?

Would you like to utilise a broken dish next time? Why? And why not?
What would you like to make?

e Have you ever tried to fix anything? What is it? Why? And how do you
fix it?

What are the differences among recycle, repair and upcycle?

Any other comments?
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Workshop Outcomes

The workshop yielded both tangible and intangible outcomes. Participants cre-
ated a functional dim sum holder with a chopstick rest that embodied the prin-
ciples of Kintsugi and digital fabrication. Additionally, a semi-structured group
interview revealed valuable insights into participants’ perceptions of repair and up-
cycling. Many participants expressed limited familiarity with digital fabrication
tools, often relying on traditional methods like tape and glue for repairs. Broken
objects were frequently discarded or repurposed as decorations, rather than be-
ing repaired. Furthermore, participants tended to view upcycling and repair as
distinct concepts, with upcycling focused on adding value to waste materials and
repair centred on restoring an object to its original state, often overlooking the

emotional and historical significance of the object.

Conclusion

The Kintsugi transformation workshop provided a unique opportunity to bridge
the traditional Japanese repair method with contemporary technology and clarify
the definition of repair, recycle, upcycle and repurpose. By exploring the concept
of repair and the beauty of imperfection, participants gained valuable insights into
the potential of digital fabrication for sustainable design and creative expression.
The workshop also highlighted the need for further education and awareness re-
garding the ethical and aesthetic implications of repairing and upcycling broken

objects.

3.2.3 Ethnography: A Study of Community-Driven Elec-

tronics Repair

This ethnography explores the intersection of technology, community, and sus-
tainability through the lens of a repair club hosted by Forest Fixers in London.
As a member of the UK-originated repair community, the Restart Project [39],
Forest Fixer shares the same purpose with other repair communities of helping
people fix their beloved for free [33]. By examining the practices, motivations, and

challenges faced by participants and volunteers, this study seeks to understand
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Figure 3.13 The Location of the Repair Community

the role and their opinions of such initiatives in addressing the growing issue of
electronic waste and promoting a more circular economy.

This research employed a mixed-methods approach, combining participant ob-
servation and unstructured interviews. The researcher attended a repair club ses-
sion at The Mill in E17, London(Figure 3.13), actively participating in the repair
process while observing the interactions between participants and volunteers. Ad-
ditionally, in-depth interviews were conducted with key members of Forest Fixers

to gain insights into their motivations, goals, and challenges.

The Role of Community

The repair club(Figure 3.14) served as a hub for individuals in the neighbourhoods
who are passionate about technology and sustainability. Participants were drawn

to the event for various reasons, including:

e Skill-sharing: Many participants were eager to learn different repair tech-

niques and share their knowledge with others.

e Community building: The event provided an opportunity for like-minded
individuals to connect and socialise, especially for the people who are con-

cerned about the right to repair.

e Sustainability: Participants were motivated by a desire to reduce electronic

waste and promote a more sustainable lifestyle.
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Figure 3.14 Participants engaging the repair community
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Figure 3.15 Different screwdriver bits were used for repair

The Role of Volunteers

Volunteers played a crucial role in the success of the repair club. They worked
as repairers and instructors with engineering backgrounds, providing valuable ex-
pertise and technical skills. They were often able to identify and address com-
plex issues, sharing their knowledge with other participants. Also, they provided
several comments on improving the repairability of the design to make a better
product [2].

Challenges in Repairing Modern Devices

A significant challenge identified by both participants and volunteers was the
increasing difficulty of repairing modern electronic devices. Several factors con-
tribute to this(Figure3.15, 3.16, 3.17, 3.18):

e Planned obsolescence: Many devices are designed with a limited lifespan,
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Figure 3.16 This amplifier speaker could not be fixed because of parts lacking
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S|

Figure 3.17 Finding the location of the screws is problematic
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Figure 3.18 An example of things that are not designed for repair
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such as using degraded material or increasing the barrier to accessing the

repair service, making repairs impractical or impossible.

e Complex designs: Due to the development of technology and its increas-
ing complexity, modern devices often feature intricate designs that require

specialized tools and knowledge to disassemble and repair.

e Use of adhesives: Because of the requirement of compactly designed devices,
the widespread use of adhesives in device assembly hinders disassembly and

repair efforts.

The Impact of Repair Culture

By promoting repair and reuse, the repair communities can contribute to a more
sustainable future. By reducing electronic waste and extending the lifespan of
devices, these initiatives can help mitigate the environmental impact of the tech
industry. Additionally, the repair communities can empower individuals to take
control of their technology, fostering a sense of independence and self-reliance

towards the consumer society.

Conclusion

The repair club at The Mill serves as a powerful example of community-driven
innovation and sustainability. By bringing together individuals with diverse skills
and passions, the club fosters a culture of repair and reuse. However, the chal-
lenges posed by modern device design highlight the need for systemic changes to
promote repairability and durability. As technology continues to evolve, it is es-
sential to prioritize sustainability and ensure that devices are designed with repair

in mind.

3.2.4 Repair Survey

This section presents the results of the survey (Appendix A) conducted to in-
vestigate consumer attitudes and behaviours towards product repair. The survey
aimed to explore factors influencing repair decisions, perceived repairability of dif-

ferent product categories, and the motivations behind repair attempts. The data
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Figure 3.19 The comparison of people’s ability to make and repair

collected through a non-probability convenience sampling method was analysed

using descriptive statistics and correlation analysis.

Demographic Information

Demographic information other than the level of confidence in making and repair-
ing skills was not collected. The survey participants were primarily individuals
with varying levels of making and repair skills. A significant correlation (Figure
3.19) was found between these two skills (r = 0.773), indicating that individuals
who are confident in their making skills are also likely to be confident in their
repair skills. However, a slight bias towards higher confidence in making skills

was observed.

Perceived Repairability of Products

The survey assessed the perceived repairability of various product categories using
a Likert scale ranging from ”Very Unlikely” to ”Very Likely.” (Figure 3.20) The

results revealed significant differences in perceived repairability across product
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How likely do you repair the following products?

Laptop

Smartphone

Wired Headphone

Wireless Headphone

T-shirts

Sweaters

Winter Coat

Sneakers & Trainers

Boots

Wacuum Cleaner

Roomba

Table

Drawer

Suitcase

Electric Fan

0% 25% S50% 75% 100%

W very Likely W Likely unlikely wery Unlikely

Figure 3.20 The perceived repairability of various product categories

categories:

e High Repairability: Clothing and footwear were perceived as highly re-
pairable, with a large proportion of respondents indicating a willingness

to repair these items.

e Moderate Repairability: Electronics and furniture were perceived as mod-
erately repairable, with a mix of respondents expressing willingness and

unwillingness to repair these items.

e Low Repairability: Complex electronics, such as laptops and smartphones,
were perceived as the least repairable, with a majority of respondents indi-

cating an unwillingness to repair them.

Motivations for Repair

The survey (Figure 3.21, 3.22, 3.23) identified several key motivations for repairing

products by asking reasons why and why not people repair:

e Cost-Saving: A significant proportion of respondents were motivated to re-

pair products primarily to save money.
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What would you normally do if an object is broken?

Throw it away or Recycle it

Repair it yourself Find a local repair shop to

Send it back to the company to

other Repurpose it

Figure 3.21 The pie chart of the decision-making result after product broken

e Emotional Attachment: People were more likely to repair items that they
had an emotional connection to, such as sentimental objects or heirloom

pieces.

e Sense of Accomplishment: The satisfaction derived from successfully repair-

ing an item was a strong motivator.

e Environmental Concerns: A smaller but still significant group of respondents
were motivated by environmental considerations, seeking to reduce waste

and extend the lifespan of products.

Discussion

The findings of this study provide valuable insights into consumer attitudes and
behaviours towards product repair. The perceived repairability of products is
influenced by a variety of factors, including the complexity of the product, the

availability of replacement parts, and the individual’s skill level.
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What is the main reason for you to repair an object?

Environmental benefits

Learn new skills

Saving money

Attachment to the item

Sense of satisfaction

Figure 3.22 The pie chart of the reason for repair

What is the main reason for you NOT to repair an object?

Money Consuming

Time Consuming

Mo Available Parts

Lack of Repair skills

Outdated Product

Lack of Tools

Products are NOT

Figure 3.23 The pie chart of the reason for not repairing

46



3. Design Process 3.2. Ideation and Pretesting

The strong correlation between making and repair skills suggests that these
skills are often intertwined and that individuals who are confident in one skill
are likely to be confident in the other. However, the slight bias towards higher
confidence in making skills may indicate a need for further education and training
to empower individuals to undertake repairs.

The motivations for repair identified in this study highlight the importance
of both economic and emotional factors. By understanding these motivations,
manufacturers, policymakers, and repair professionals can develop strategies to
encourage repair and reduce waste.

The limitations of this study include the use of a non-probability convenience
sample, and do not specify the product category of the repair motivation, which
may limit the generalizability of the findings. Future research could employ a
larger and more diverse sample to strengthen the findings.

Additional research could explore the impact of cultural and societal factors on
repair behaviours, as well as the role of education and training in promoting repair
skills. Furthermore, investigating the potential for innovative repair models, such
as community repair initiatives and repair cafes, could provide valuable insights
for policymakers and industry professionals.

By addressing the limitations and exploring these areas of future research, we
can gain a deeper understanding of consumer attitudes and behaviours towards
product repair and develop strategies to promote a more sustainable and resilient

future.

3.2.5 Summary

This chapter delved into the realm of repair through a multifaceted approach,
combining auto-ethnography, ethnographic research, a workshop and a survey.
The auto-ethnographic exploration revealed that traditional repair methods like
kintsugi, while aesthetically pleasing, may not always be practical due to time and
cost constraints. On the other hand, the double dance of agency in repair is ini-
tiated by the broken artefact. The repair of everyday objects like rice cookers
highlighted the potential travel of home appliances which causes the context dif-
ferences and the importance of repairable design, accessible tools, and shared

knowledge in repairing practices. The challenges faced in accessing professional
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bag repair services underscored the need for more accessible repair options. Fi-
nally, the analysis of the repair, repurpose, and second-hand market landscape
provided a deeper understanding of the complex and interconnected world of re-
pair and repurposing, revealing opportunities for circular economy models and
sustainable consumption.

The Kintsugi transformation workshop offered a unique opportunity to bridge
traditional and contemporary repair practices. By exploring the concept of repair
and the beauty of imperfection, participants gained insights into the potential of
digital fabrication for sustainable design. The workshop also revealed the differ-
ences between people’s definitions of repair and the importance of education and
awareness in promoting sustainable repair practices.

The ethnographic study of the community-driven electronics repair club at The
Mill shed light on the potential of collective action in fostering a repair culture.
However, it also revealed the challenges posed by modern device design, including
planned obsolescence, complex designs, and the use of adhesives. These factors
hinder repairability and contribute to electronic waste.

The findings of the survey shed light on the complex interplay of factors in-
fluencing consumer attitudes and behaviours towards product repair. Perceived
repairability is shaped by a combination of product complexity, part availabil-
ity, and individual skill levels. A strong correlation between making and repair
skills suggests that these skills are often intertwined, although a slight bias to-
wards making skills indicates a need for increased emphasis on repair education
and training. Motivations for repair are multifaceted, encompassing both eco-
nomic and emotional considerations. Understanding these motivations is crucial
for developing strategies to encourage repair and reduce waste. While this study
provides valuable insights, the non-probability convenience sample and lack of
specific product category information limit the generalizability of the findings.

In conclusion, this chapter explores repair as a sustainable and empowering
practice in different contexts. By understanding the motivations, challenges, and
opportunities associated with repair, we can develop a possible proposal to foster
a future where repair is valued, accessible, and integrated into the design and
lifecycle of products. This requires a shift in mindset, collaborative efforts be-

tween designers, manufacturers, and consumers, and systemic changes to promote
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repairability and durability.

3.3. Proposal: Design for Better Repair Experi-

ence

By comparing the overall understanding of repair through literature review and
the findings in the ideation and pretesting, a fact was revealed: the right to
repair and Design for Repair was often considered from the perspective of product
design rather than from a wholistic and systematic view such as repair experience
design. Therefore, an updated version of the Design for Repair which is from
the perspective of designing a better repair experience was proposed and a design

based on the principles was also developed.

3.3.1 Developing Principles of Design for Repair
The Actor Map of Repair

To clarify the actors intertwined in the repair process, an actor map (Figure 3.24),
which illustrates the various actors and the product flows involved in the repair
of a product, was drawn based on the observation in Ideation and Pretesting
stage. The designer and manufacturer are the initial creators of the product.
When the product breaks, the user has several options: they can either throw it
away, repurpose it, fix it themselves, send it back to the manufacturer for repair
or replacement, or have it repaired by a professional repairer. The repairer has
the necessary knowledge, skills, tools, and parts to carry out the repair. The
dashed lines represent plausible product flows, indicating that the product might
not always follow a linear path from creation to disposal but can be repurposed
or repaired at various stages. On the other hand, mapping the actors with the
product flows could also picture the product life cycle, which helps us focus more

on the journey of the product and its repairability.

49



3. Design Process 3.3. Proposal: Design for Better Repair Experience

———> Product Flow

------- > Plausible Product Flow

Figure 3.24 The actor map of repair

The Various Levels of Negotiation in Repair

The concept of “Artefact Ecology” [12,13] provides a framework for understanding
the complex relationships between artefacts and the humans who interact with
them. Also, the concepts of “negotiated endurance” [45] and “repairedness” [49]
describe different negotiations in repair. If we combine the three mentioned con-
cepts, Artefact Ecology, negotiate endurance and repairedness, with the actor map
of repair from a human aspect, we would be able to redefine repair as “a series of
negotiations” (Figure 3.25), since every stage of a repair process requires divergent
negotiations with different factors involved and the repair experience is the result
of the series of negotiation of repair. For instance, humans have to negotiate with
every broken part, the context and resources of repairing the artefact, potential
repair decisions, and eventually, the outcome of repair, which is also negotiable.

On the other hand, this diagram (Figure 3.26) visualizes the dynamic process
of negotiation and repair within such an ecology from an artefacts’ aspect. By
examining the various layers of negotiation involved in the repair of a broken
artefact, we can gain diverse insights into the resilience and adaptability of these
systems.

At the heart of this concept is the notion of an artefact, a physical object or
system composed of multiple parts. These parts, in turn, interact with each other

and with external actors to form an intricate network. When a part of an artefact
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@Context ®Different parts and its brg

@Repair Decision and its process

Figure 3.25 Repair: a series of negotiations

Figure 3.26 The different dynamics of negotiation in the process of repair from

micro to macro scale
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fails, a series of negotiations may ensue, involving various stakeholders, from the
individual components themselves to the human actors who maintain and repair

the artefact. The following are the key components:
e Part: Individual components that build up the artefact.
e Artefact: The physical object or system in question.

o Artefact Ecology of an Actor: The ecology includes artefacts and the human

interacting with them.

e Actor’s Network: This encompasses the various actors (humans, organiza-

tions, etc.) involved in the negotiation and repair processes.

The dotted lines in the diagram represent the various levels of negotiation that

may occur when a part of the artefact fails:

e Part-to-Part Negotiation: Individual components may need to negotiate
with each other which informs the human to find alternative solutions or
workarounds, such as the different shapes of broken pieces in the traditional

Kintsugi.

o Artefact-to-Artefact Negotiation: The artefact itself may need to negoti-
ate with other artefacts in the ecology, particularly if the repair requires
resources or information from external sources, for instance, the tools and

parts used in the repair process of the rice cooker.

e Actor-to-Actor Negotiation: Human actors, such as engineers, technicians,
and policymakers, may need to negotiate with each other to coordinate
repair efforts, allocate resources, and make decisions about the future of the
artefact. Take the bag repair service as an example, the repair decision was
made after the negotiation between the user and the manufacturer. Also, in
the example of the second-hand market, the repairers and the sellers would

negotiate the outcome of repair and its selling price.

Through these negotiations, repair activities are initiated, aiming to restore the

functionality of the broken part or the entire artefact. The ultimate goal is to
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4

achieve a “working version” [49] of the artefact, a state where it can continue to
fulfil its intended purpose.

The diagram illustrates the intricate dance of negotiation and repair by humans
and artefacts that occur within an artefact ecology. By understanding the various
levels of negotiation and its dynamics with the diverse range of actors involved,
we can appreciate the complexity and resilience of these systems. As technol-
ogy continues to advance and artefacts become increasingly interconnected, the

importance of effective negotiation and repair strategies will only grow.

The Updated Principles of Design of Repair

The concept of Design for Repair (DfR) has gained increasing significance in re-
cent years as a response to growing concerns about sustainability and the circular
economy. While traditional DfR principles often focus on product longevity and
ease of repair, this research proposes an updated framework 3.27 that incorpo-
rates a broader perspective on the repair process and the diverse range of actors
involved, so that a better repair experience could be designed.

The proposed framework is structured around the product life cycle, encom-
passing the stages of Production, Use, and End of Life. This structure is inspired
by the actor map 3.24, which illustrates the various stakeholders involved in the

repair process and their interactions with the product.
e Production Stage

— Using appropriate materials: Prioritize the selection of durable and
repairable materials that are suitable for the intended use and can be

easily repaired or recycled.

— Using common parts: Standardize components to facilitate repair and

reduce the need for specialized tools or expertise.

— Modularity and disassembly: Design products with modular compo-
nents that can be easily disassembled and reassembled, avoiding the

use of adhesives that can hinder repair.

e Use Stage
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How to Design for Repair?

1. Repair is a process that makes a broken object work again, but the working version
is negotiable.

2. Since the object after repair could only be as close as possible to its original status,
every working version that is good enough for the user or owner should be
acceptable.

3. Checklist of Design for Repair Principles:

o Production:

= Using appropriate materials

m Using common parts

n Concerning disassembly and reassembly (modularity, no adhesives)
o Use:

m  Accessibility to repair service

= Availability of spare parts

= Clear instructions for maintenance and repair
o End of Life:

m Difficulty of disassembly

m Materials and parts recycle

4. The following tips might be helpful for developing a repairable product:

Disassemble to learn.

Ask repairers for opinions.

Consider the whole system.

Embrace hacking if needed.

Qo

o O 0

Figure 3.27 The first version of Design for Repair principles
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— Accessibility to repair services: Provide clear and accessible repair ser-
vices, including information on authorized repair centres, independent

repair options, and self-repair resources.

— Availability of spare parts: Ensure that spare parts are readily available
and affordable, enabling users to repair their products independently

or through authorized repair services.

— Clear instructions for maintenance and repair: Provide comprehensive

user manuals and repair guides that are easy to understand and follow.
e End of Life Stage

— Difficulty of disassembly: Design products that can be easily disas-
sembled at the end of their useful life, facilitating the recovery and

recycling of valuable materials.

— Materials and parts recycling: Prioritize the use of recyclable materials
and design for disassembly to maximize the potential for recycling and

reuse.

The updated DfR framework also emphasizes the importance of negotiation and
collaboration among various actors involved in the repair process 3.26. This in-
cludes manufacturers, repair service providers, consumers, and independent repair
communities. By fostering open communication and cooperation, it is possible to
create a more sustainable and equitable repair ecosystem.

The following tips are based on observations and insights gained from ideation

and pretesting stages:

e Disassemble to learn: Take apart existing products to understand their de-

sign and identify potential improvements for repairability.

e Ask repairers for opinions: Consult with repair technicians and experts to

gain valuable insights into the challenges and opportunities for repair.

e Consider the whole system: Evaluate the entire product lifecycle, from de-
sign and manufacturing to use and disposal, to identify potential areas for

improvement in repairability.
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e Embrace hacking if needed: Encourage a culture of innovation and exper-
imentation, allowing users to modify and repair their products in creative

ways.

By adopting the updated DfR principles and incorporating these tips, designers
and manufacturers can create products that are more durable, repairable, and

sustainable, ultimately contributing to a more circular economy.

3.3.2 From Principles to Concept: A Repairable Design

To bridge the gap between theoretical principles and practical application, we
embarked on a redesign project focused on a common household appliance: the
electric fan. Despite its relatively simple structure and circuit, the fan often ends
up in landfills rather than being repaired. This section explores the potential for

a more repairable design, addressing the following key points:
e Developing a repair experience that is both functional and engaging.

e Designing a fan that can be assembled and disassembled without tools or

SCrews.

e Implementing design strategies to support self-repair and empower users to

take control of their devices.

e Integrating the creative process of repair into the design to enhance the

overall user experience.

A Deeper Dive into Fan Design: A Repairability Analysis

To initiate the redesign process, a comprehensive understanding of existing fan
models was essential. Three distinct models (C1, C2, and C3, Figure 3.28) were
procured to facilitate a detailed repairability analysis.

The disassembly process (Figure 3.29)revealed varying levels of complexity
across the three models (Table 3.2). Model C1 presented the most significant
challenge, with its hidden lock structure obstructing the initial disassembly step.
Model C2, while offering a more accessible lock, posed difficulties in loosening

the screws due to a diverse array of screw types. Model C3, despite its intricate
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Figure 3.28 Case studies for applying the updated Design for Repair Principles

Figure 3.29 Disassembly of C1, C2, C3
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Table 3.2 Overview of the analysis of C1, C2, C3

Disassemble
No. } Tools and Screws Counts | Note
Time

It’s difficult to understand
C1 | 02;32;28 3 tools, 1 kind of screws | how to open since the lock

structure is hiding inside.

The lock structure is eas-
, ier to understand, but it
C2 | 03;15;01 2 tools, 4 kinds of screws ) ,
might be tricky to loose the

SCrews.

The structure is the most
complicated to understand
and disassemble, and it
C3 | 17;15;11 3 tools, 2 kinds of screws | would be nearly impossible
to assemble it again because

there is some damage to it

after disassembling.
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design, was successfully disassembled. However, the disassembly process raised
concerns about potential reassembly issues, as certain components were prone to
damage.

These findings underscore the crucial role of design in influencing product re-
pairability. Simpler disassembly processes can significantly enhance the ease of

repair and overall sustainability.

Prototype Development: A Fusion of Tradition and Innovation

Inspired by the insights gleaned from the disassembly analysis, the initial phase of
the redesign process involved generating a series of sketches (Figure 3.30). These
sketches explored various assembly and disassembly techniques, aiming to create
a fan that could be easily repaired and reconfigured.

A particularly intriguing source of inspiration emerged from the realm of tradi-
tional Japanese crafts. Yosegi-zaiku(ZF ARMI L), a meticulous woodworking tech-
nique, employs interlocking pieces to construct intricate patterns without the use
of nails. This ancient craft offers a compelling model for a screwless and tool-free
assembly and disassembly process, which could potentially be applied to the fan
design (Figure 3.31).

User Feedback and Design Iteration

The initial prototype (Figure 3.32) was showcased at Maker Faire (Figure 3.33),

where valuable feedback was gathered from attendees. Key insights included:

e Ease of Maintenance: The design was generally praised for its ease of clean-

ing and maintenance.

e Clarity of Disassembly: Some participants suggested the need for clearer

visual indicators to guide the disassembly process.

e Material Innovation: A few participants proposed incorporating recycled

materials, such as repurposed Mintia boxes, into the design.

In response to this feedback, the updated prototype introduced the concept of

Repair Indicators and further emphasized the potential for Creative Repair.
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Figure 3.31 Overall concept of redesigning a fan
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Figure 3.32 The initial prototype and its disassembly

Repair Indicators: A Navigational System for Devices

Inspired by the metaphor of navigating a space, the Repair Indicator system aims
to simplify the disassembly process (Figure 3.34). By providing visual cues and
symbols, the indicators reduce reliance on traditional manuals and empower users
to independently explore the device’s interior.

By adopting a universal design language, the Repair Indicators can be applied
to a wide range of electronic devices, making them more accessible for repair
and customization. This approach aligns with the principles of self-repair and

encourages users to engage in creative problem-solving.

Creative Repair: A New Perspective on Product Design

The concept of Creative Repair (Figure 3.35) extends beyond simple disassembly
and reassembly. It envisions a future where users can personalize and modify their
devices using readily available materials and techniques. By incorporating design
elements that facilitate creative expression, we can foster a community of makers
who are empowered to extend the life of their products.

For instance, the fan’s modular design could allow users to experiment with
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Figure 3.33 Exhibiting in Maker Faire
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Figure 3.34 Concept of Repair Indicator
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Figure 3.35 Ideas of implementing creative repair experience

different colour schemes, and materials, or even add custom features. By providing
a platform for customization, we can encourage users to view their devices as works

of art, rather than mere functional objects.

A Repairable Fan: The Final Prototype

The culmination of our research and design efforts led to the development of
a Repairable Fan Prototype (Figure 3.36). This innovative design incorporates

several key features to promote user-friendly repair and customization:

e Fasy Assembly and Disassembly: The fan’s modular structure allows for
effortless disassembly and reassembly, eliminating the need for specialized

tools.

e Repair Indicators: A comprehensive system of visual cues, including both
disassembly and wiring indicators, guides users through the repair process,

reducing the reliance on complex manuals.

e Creative Repair Potential: The design encourages creative expression by

providing opportunities for customization and personalization. Users can
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experiment with different materials, colours, and configurations to create a

truly unique fan.

By prioritizing repairability and user empowerment, this prototype represents
a significant step towards a more sustainable and user-centric future for electronic

devices.
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Figure 3.36 A Repairable Design Prototype
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Chapter 4

Evaluation and Results

4.1. Proposal Evaluation

The evaluation of the Design for Better Repair Experience proposal was separated
into two parts. First, a user experiment that examines the repair experience of
the relevant prototype compared to the purchased product, and second, a designer
interview which gathers the professionals’ feedback on utilising the guideline to
ideate concepts. In this section, the settings of the user experiment and designer

interview will be demonstrated.

4.1.1 User Experiment

The goal of this study was to evaluate the effectiveness of a prototype designed
with a focus on design for repair and repair as a creative process. By conducting
user experiments, we aimed to understand people’s perspectives toward repair and
assess the prototype’s repairability.

Five groups, six participants in total were recruited to participate in the ex-
periment. The experiment took place at Keio University between October 29th
and November 12th, 2025, with each participant session lasting approximately
one hour and involving a two-scenario approach, which was repairing a purchased
product and an updated prototype.

Table 4.1 details the diverse ability of making of the individuals involved in the
study which might cause the differences in the experiment outcome, according
to the correlation result of people’s ability to make and repair in the pretest
survey (Figure 3.19). Participant P1 possesses average-making abilities, primarily
focused on cooking. P2 demonstrates proficiency in working with clay and textiles,

but their technical expertise in these areas is limited. P3 is primarily a digital
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Table 4.1 The participants of the user experiment and their ability of making

No. Ability of Making Repaired Outcome
P1 Average, mainly cooking U1l
P2 | Good with clay and textile, but not too technical U2
P3 Mostly working digitally U3
P4-1 Good at crafting, but not the electronics U4
P4-2 Making in a Wasteland Punk style U4
P5 Good at crafting, but not the circuit-related U5

Figure 4.1 The table layout of the user experiment

maker, with a strong preference for working with digital tools and software. P4-
1 is skilled in crafting but lacks experience with electronics. P4-2 is a maker
who specializes in creating objects in a Wasteland Punk style, which means some
sort of patching and collaging. P5, similar to P4-1, excels at crafting but lacks
experience with circuits. This table effectively highlights the varied backgrounds
and interests of the participants, providing a foundation for understanding their
potential contributions to the user experiment.

Before the experiment, necessary items were sourced, cameras were set up to
record the process, and the purchased product and updated prototype were pre-
pared similarly by removing internal connections and securing the cover shell.
Common tools and resources which were possible to find in dollar shops, such as

scissors, tapes, bamboo sticks, and wire, were provided on the table (Figure 4.1).
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During the experiment, participants were first introduced to the experiment
and its objectives. They were then presented with the first scenario, where they
were asked to identify and repair the broken parts of a purchased product. Par-
ticipants were free to either fix the broken part or give up. In the second scenario,
participants were also asked to identify and repair a broken part of the prototype,
focusing on redesigning and reassembling the broken component, but aiming to
fix it in this scenario.

After completing both scenarios, participants were interviewed using a semi-
structured questionnaire (Appendix B) to gather insights into their experiences,
perceptions of the prototype’s repairability, and their overall attitudes toward
repair. The collected data was then analysed to draw conclusions about the

prototype’s effectiveness and identify potential areas for improvement.

4.1.2 Designer Interview

The goal of this study was to gather insights and feedback from experienced prod-
uct and industrial designers on the efficacy and clarity of the updated Design for
Repair Guideline, which focuses on designing a better repair experience. By un-
derstanding their perspectives, we aimed to identify areas of strength, weaknesses,
and potential improvements in the guidelines, so that the updated Design for Re-
pair Guideline would be possibly implemented in the industry. Four experienced
product or industrial designers in different design categories were recruited to
participate in the study, selected based on their relevant industry experience and
expertise in product design.

Table 4.2 details the professional backgrounds of the individuals interviewed for
this study. Designer D1 specializes in creating bags and tools and works as a free-
lancer, managing their own projects independently. D2 focuses on UI/UX design
and digital product development within an in-house setting, working as part of a
larger team. D3 has expertise in industrial product and furniture design, working
within an agency environment. Lastly, D4 is an in-house designer specializing in
laptop design. This table provides a snapshot of the diverse design expertise and
professional experiences of the interviewed designers, which are valuable for un-
derstanding their perspectives on the design process and challenges faced in their

respective fields.
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Table 4.2 Interviewed designers and their profession

No. Design Category Working Style
D1 bags and tools Freelance
D2 UI/UX, digital products In-house

D3 | Industrial Products, Furniture Agency

D4 Laptop In-house

The procedure involved a three-step process, conducted either online or in per-
son. First, the information of the researcher and the purpose of this study were
introduced to the participating designers, and the overall process of the interview
and subsequent design exercise was explained in detail. Second, participants were
provided with the updated Design for Repair Guideline (Appendix C) and an ex-
ample prototype with its relevant experiment outcome to illustrate the concepts.
They were then tasked with generating design ideas for a product category they
were familiar with, applying the principles outlined in the guidelines. Partici-
pants were encouraged to create multiple design sketches, focusing on incorporat-
ing repair-friendly features and considerations. Photographs were taken of their
sketches to document their design process and ideas. Finally, a semi-structured
interview (Appendix D) was conducted to gather feedback on the guideline. The
interview questions were designed to probe participants’ thoughts on the clarity,

relevance, and usability of the guideline.

4.2. User Experiment Result

4.2.1 Overall Observations

The user repair behaviour observed in this study aligns with Hiescher’s three-phase
model of home repair [35]: diagnosis, fixing, and integration. All participants
initiated the repair process in both scenarios by diagnosing the issue through a

simple power-on test (Figure 4.2).
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Figure 4.4 Participant repaired the appearance by using the toothpick as the

missing part
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Figure 4.5 Participants disassembling the prototype without using tools

Figure 4.6 Participant wiring the power and motor following the repair indicator

Repair of Purchased Product

In the case of the purchased fan, a significant number of participants abandoned
the repair attempt after the initial diagnosis. This suggests that the perceived
complexity of the repair, coupled with the lack of readily available tools and
materials, discouraged further efforts. Those who attempted the repair demon-
strated creative problem-solving by utilizing everyday objects as makeshift tools
and parts, for instance, using a cutter knife as a screwdriver (Figure 4.3) or a
toothpick as the missing part (Figure 4.7). But ultimately, none of the par-
ticipants were successfully restoring the fan’s functionality, due to the lack of

professional repair tools, such as soldering iron.
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Figure 4.7 Participant weaved on the prototype as a way of creative repair

Repair of Updated Prototype Fan

In contrast, the repair of the prototype fan yielded more positive results. Nearly
all participants were able to successfully disassemble, modify, and reassemble the
device without the aid of specialized tools (Figure 4.5, 4.6). The repairs show-
cased a range of creative approaches, from simple fixes to more elaborate modifi-
cations (Figure 4.7). The five repaired prototypes, labelled as Ul to U5, presented
in Figure 4.8 illustrate the spectrum of creativity observed, ranging from minor
modifications, such as using black tape and bamboo sticks which are close to their
original appearance, to radical re-imaginings of the original design, for example,
weaving with yarns or modifying it into a little monster.

These findings highlight the influence of product design on repair behaviour.
The simplicity and modularity of the prototype fan facilitated user intervention,
while the complex internal structure of the purchased fan presented a more chal-

lenging repair task.

4.2.2 User Experience with a Purchased Product
Initial Reactions and Expectations

Participants generally approached the task with a mix of curiosity and apprehen-
sion. They were intrigued by the challenge of repairing a broken device but were
also aware of the potential difficulties. As P1 expressed, “I really wanted to fix

it, but at the beginning, I didn’t know how to do it or how to take it apart.”
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Figure 4.8 The result of the user experiment

This initial uncertainty highlights the importance of user-friendly design, which

can reduce anxiety and encourage exploration.

Challenges Encountered

Several key challenges emerged during the repair process:

e Difficulty in Disassembly: Many participants struggled to open the device
without damaging it. The lack of visible seams or release mechanisms made
it difficult to identify the correct disassembly procedure. As P2 noted, "I

couldn’t open or it didn’t allow me to open the fan and get inside.”

e Limited Access to Internal Components: Once the device was opened, par-
ticipants often found it challenging to access the specific components that
needed repair. The complex internal structure and the use of small, delicate

parts hindered the repair process.

e Lack of Clear Instructions: The absence of clear instructions or visual guides
made it difficult for users to understand the repair steps. This led to trial-

and-error approaches, which often resulted in frustration and wasted time.
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e Tool Limitations: Participants were provided with a limited set of tools,
which further restricted their ability to perform precise repairs. The lack of
specialized tools, such as screwdrivers or pliers (Figure 4.3), made it difficult

to manipulate small components.

Emotional Responses

The challenges encountered during the repair process had a significant impact on
participants’ emotional responses. Many expressed feelings of frustration, partic-
ularly when they were unable to identify the problem or when their attempts to
repair the device failed. As P2 stated, “I gave up pretty quickly, but there was
no way to get inside there.”

However, some participants also experienced a sense of satisfaction and accom-
plishment when they were able to successfully repair some parts of the device,
for instance, figured out the correct way of the wire connection through trial and
error. This positive emotional response highlights the potential for repair to be a
rewarding and empowering activity.

By understanding the challenges and emotional responses associated with re-
pairing a purchased product, designers can develop products that are more re-

pairable and user-friendly.

4.2.3 User Experience with an Updated Prototype
Initial Reactions and Engagement

Participants generally responded positively to the updated prototype, expressing
feelings of curiosity and excitement. The visible repair points and the inclusion of
additional materials encouraged exploration and experimentation. As P2 stated,
“I think I was feeling a sense of play and curiosity.” This initial engagement
suggests that the updated prototype was more inviting and less intimidating than

the purchased product.

Design Features and User Interaction

Several design features of the updated prototype facilitated a more positive user

experience:
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e Visible Repair Indicators: The clear and accessible repair indicators made it
easy for users to identify the areas that needed attention. For instance, the
participants can follow the indicators to open the shell of the fan (Figure 4.5)
and connect the wire inside (Figure 4.6). This reduced the initial uncertainty

and confusion experienced with the purchased product.

e Additional Materials and its Creative Repair Process: The provision of ad-
ditional materials, such as yarn (Figure 4.7) and tape, expanded the possi-
bilities for repair and customization. Participants were able to experiment

with different techniques and create unique solutions (Figure 4.8).

e (Clear Labelling and Instructions: While not explicitly mentioned in the
quotes, it is likely that the updated prototype included clear labelling and

instructions, which would have further aided the repair process.

Users were able to engage with the prototype in a variety of ways. Some focused
on repairing the functional aspects of the device, while others explored creative
possibilities for customization. As P2 noted, “It’s like a combination of repair and
upcycle.” This flexibility allowed users to personalize the device and make it their

owI.

Comparison to the Purchased Product

In comparison to the purchased product, the updated prototype offered a signif-
icantly more positive user experience. The clear design cues, accessible compo-
nents, and additional materials made the repair process more enjoyable and less
frustrating. Participants were able to engage with the device on a deeper level,
exploring both functional and aesthetic possibilities.

By incorporating Design for better repair experience principles, the updated
prototype demonstrated the potential for products to be designed with repair in
mind. This approach can lead to increased user satisfaction, reduced waste, and

a more sustainable future.
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4.3. Designer Interview Result

4.3.1 Analysing Sketches

The designers’ sketches reveal a convergence of practical and innovative approaches
to product repair experiences. D1 emphasizes the importance of modularity,
proposing a simple yet effective solution for replacing damaged bag straps. This
aligns with the concept of design concerning disassembly in the production stage
which facilitates easy repairs (Figure 4.9). D2 highlights the need for systematic
repair processes, particularly for digital devices, suggesting that a more efficient
feedback system could enhance user experience (Figure 4.10). D3 introduces a
creative and sustainable solution for repairing broken objects using readily avail-
able materials, demonstrating the diversity of possible working versions through
the potential for low-cost, DIY creative repairs (Figure 4.11). D4 focuses on the
preservation of digital data during hardware repairs, advocating for systems that
enable seamless data transfer to temporary devices (Figure 4.12). Collectively,
these sketches underscore the designers’ understanding of the challenges and op-
portunities in product repair and its experience, highlighting the importance of
modularity, user-centric design, and sustainability in creating a better repair ex-

perience.

4.3.2 Comments on Updated Design for Repair Principles

This section delves into the designers’ perspectives on the updated Design for
Repair guideline, examining their understanding of core principles, their interpre-
tations of these principles, and their experiences with product repair. By analysing
their insights, we gain valuable insights into the challenges and opportunities of
designing for repair, as well as the potential for improving the repairability of
products across various industries.

The interviews revealed a varying degree of understanding of core repairability
principles among the designers. Modularity was a concept understood by several
participants. D1, for example, recognized the importance of modular design in
bags, highlighting the value of replaceable components. This understanding aligns

with the principle of designing products with easily replaceable parts to extend
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their lifespan. Accessibility was also recognized as a crucial aspect of repairability.
D3 emphasized the need for clear instructions and readily available replacement
parts. This highlights the importance of designing products that are easy to repair,
even for users with limited technical expertise. While not explicitly stated by all
designers, the importance of material choice was implicit in many discussions. The
selection of durable and repairable materials is essential for extending a product’s
lifespan and reducing the environmental impact of its disposal.

The designers demonstrated varying levels of depth in their interpretation of re-
pairability principles. The concept of a “working vision” was particularly nuanced.
D3, for instance, recognized that different users may have different expectations for
what constitutes a repaired product. This understanding is crucial for designing
products that can be repaired in various ways to meet diverse user needs. A user-
centric approach was consistently emphasized by the designers. However, there
was some debate on whether this should always prioritize repairability. While
most designers agreed on the importance of considering user needs, some, like D4,
suggested that balancing aesthetics, functionality, and sustainability messaging
could be a more effective approach. The tension between aesthetics and func-
tion was also acknowledged by the designers. While aesthetics are important for
consumer appeal, they should not compromise the product’s repairability. D4 sug-
gested that focusing on branding and sustainability messaging could help balance
these competing priorities.

The designers presented a spectrum of repair experience designs, each with its
unique strengths and weaknesses. Though People frequently dispose of IKEA
products once they are no longer functional, IKEA was highlighted as a prime ex-
ample of user-friendly self-assembly, empowering consumers with clear, visual in-
structions. This approach, while effective for simple furniture, may not be suitable
for complex electronic devices. Apple, on the other hand, offers a more stream-
lined repair process through its replacement program, prioritizing user satisfaction
and sustainability. However, their aggressive marketing tactics often encourage
consumers to upgrade to newer models, potentially undermining the longevity of
their products. In contrast, companies like Balmuda, while producing high-quality
products, have been criticized for their cumbersome repair processes, which can

deter consumers from seeking repairs. These examples illustrate the trade-offs
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between user experience, sustainability, and business objectives in designing for
repair. While IKEA excels at empowering users to assemble their own products,
Apple prioritizes a seamless replacement experience, and Balmuda’s repair process
could be improved. Ultimately, the optimal repair experience design depends on
factors such as the product’s complexity, the target audience, and the company’s
sustainability goals.

The designers’ insights offer a nuanced perspective on the potential applications
of updated design for repair principles. While D2 highlights the challenges of
applying these principles to biodegradable materials, they also emphasizes the
inherent repairability of digital products due to their ongoing development and
updates. D3’s observation that daily utensils are easier to repair than complex
household appliances underscores the need for design strategies that can be applied
across a wide range of product categories. D4 raises a critical question regarding
the ownership and control of products that are no longer supported or repairable,
suggesting that the longevity of digital products is tied to ongoing support and
updates.

The designers also identified several challenges in applying design for repair
principles. Industry constraints, such as short product lifecycles and cost pres-
sures, often impede the implementation of these principles. Additionally, the
lack of clear and actionable guidelines can hinder designers’ efforts to create re-
pairable products. Furthermore, technical limitations, especially in electronics,
can pose significant challenges in designing products that are both functional and
repairable. Collectively, these perspectives indicate that the application of design
for repair principles is both promising and complex, requiring tailored approaches
for different product categories and addressing broader issues related to product
ownership and sustainability.

The designers offered valuable insights into the challenges and opportunities
of developing the design for repair. They highlighted the importance of defining
what constitutes a "repair,” noting the distinction between user-initiated mod-
ifications and professional-level restoration. The designers also emphasized the
need to balance user freedom with adherence to industrial standards. While they
appreciated the guidelines’ systematic approach to sustainability, they suggested

that more specific guidance is needed for complex products like laptops. The de-
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signers argued that guidelines should provide practical examples and case studies
to illustrate how to apply sustainability principles to different product categories.
Additionally, they emphasized the need to consider the trade-offs between re-
pairability and other design factors, such as product size, cost, and performance.

The designers also provided positive feedback on the guidelines. D3 highlighted
the guideline’s effective categorization of the product life cycle, suggesting a struc-
tured approach to sustainable design. D4 praised the guideline’s holistic perspec-
tive, aligning with their understanding of sustainability as a systematic approach.
They also noted the guideline’s potential to encourage more systemic thinking in
product design.

The designers’ diverse perspectives offer a nuanced understanding of the chal-
lenges and opportunities in designing for repair. While they recognize the im-
portance of principles like modularity and accessibility, they also highlight the
complexities of balancing user experience, sustainability, and business objectives.
The case studies presented illustrate the various approaches to repair design, from
user-friendly self-assembly to professional replacement services. To effectively im-
plement design for repair, it is crucial to consider the specific needs of users, the
capabilities of manufacturers, and the evolving landscape of technology and sus-
tainability. By addressing these factors, we can create a future where products are
designed to last, repaired easily, and ultimately contribute to a more sustainable

society.

82



Chapter 5
Discussion and Conclusion

5.1. How might we design a better repair expe-
rience?

This research explored the shift in focus from designing for repair to designing
the experience of repair, recognizing that repair is not solely a technical act but a
complex interaction between humans and artefacts within a broader system. This
perspective acknowledges that a positive repair experience is crucial for promoting

product longevity and sustainability.

Negotiation and User Experience

This study answered the question, “How do humans and artefacts interact in
the repair process?”, by redefining repair as a series of negotiations in which the
human and the artefact both have the agency, but the artefact initiates the inter-
action. Also, the repair experience can be understood as the outcome of a series of
negotiations at various levels (part-to-part, artifact-to-artifact, actor-to-actor). A
smoother, less frictional negotiation at each stage contributes to a more positive
overall experience. User experiments with redesigned prototypes incorporating
updated Design for Repair principles (tool-less disassembly /assembly, repair indi-
cators, creative repair opportunities) demonstrated a reduction in user uncertainty
and an increase in enjoyment. These findings suggest that designing for the repair
experience can indeed encourage users to engage in repair activities, validating the

hypothesis that user-centric design positively influences repair willingness.
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Designer Perspectives and Industry Examples

From a designer’s perspective, a systematic approach to repair design, as provided
by the guidelines, was well-received. The analysis of various industry examples
revealed a spectrum of repair experience design strategies. IKEA, for example,
excels at empowering users through self-assembly with clear instructions, lever-
aging the “IKEA Effect” to enhance perceived value and engagement [77-79].
However, this approach is less applicable to complex electronics. Apple, con-
versely, prioritizes a streamlined experience through replacement programs and
sleek design, achieving “dematerialization” [6]. Yet, their marketing strategies
can inadvertently encourage replacement over repair [9], potentially undermin-
ing sustainability goals. This highlights the tension between user satisfaction,

business models, and environmental responsibility.

Sustainability and Business Models

The discussion further explored the link between design for repair and sustainable
business practices. Re-manufacturing was identified as a particularly promising
strategy for retaining embodied energy and value [80]. Closing the price gap
between repair and replacement is crucial [9], as current market trends often
incentivize replacement through trade-in programs that foster brand loyalty but
shorten product lifespans [52]. Research suggests that factors like accessible repair
manuals, clear repair information, user-repair capabilities, and consideration of re-
pairability at the point of purchase positively influence future purchase decisions
and recommendations [81]. Interestingly, the cost spent on the repair itself was
not found to be a significant factor in repurchase intent. However, other studies
indicate that consumers who have spent less on repairs are less likely to recom-
mend the repaired product [57]. This potentially suggests a correlation between
perceived value and repair investment. Further research by Raihanian Mashhadi
et al. [57] also highlighted the prevalence of impact and water damage as failure
causes in consumer electronics, emphasizing the need for durable designs. They
also identified disassembly difficulties and spare parts shortages as key barriers to
consumer repairs.

This research demonstrates the importance of shifting the design focus from the

product itself to the entire repair experience. By understanding the negotiation
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processes inherent in repair and incorporating user-centred design principles, it is
possible to create more engaging and less frustrating repair experiences, thereby
promoting product longevity and contributing to a more sustainable consumption
model. However, aligning these design strategies with sustainable business mod-
els and addressing industry-specific challenges remains a crucial area for future

research and implementation.

5.2. Limitation and Future Work

This research, while providing valuable insights into the application of design
for repair principles from the perspective of designing a better repair experience,

acknowledges several limitations that suggest avenues for future work:

e Guideline Specificity and Scope:

A primary limitation lies in the generality of existing design for repair guide-
lines. This study highlighted the need for more detailed and specified guid-
ance, tailored to different product categories and complexities. Future re-
search should focus on developing concrete, actionable guidelines, potentially
through case studies and practical applications within specific industries.
This includes creating more specific guidance for complex products like lap-
tops and addressing the unique challenges presented by IoT devices, which
combine software, hardware, and data components, as noted by Boniface et
al. [30]. This research also highlighted the importance of defining what con-
stitutes a “repair,” distinguishing between user-initiated modifications and
professional-level restoration. Future work could explore this distinction
further, developing taxonomies of repair actions and corresponding design

strategies.

e Scenario and Product Category Breadth:

This study focused on a limited set of scenarios and product categories.
Future research should expand the scope to encompass a wider range of
products, considering diverse use contexts and repair needs. This broader
perspective would allow for the development of more robust and generaliz-

able design principles. The research also identified the influence of industry
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constraints, such as short product lifecycles and cost pressures, on the imple-
mentation of design for repair. Future work could investigate strategies to
overcome these barriers, exploring business models and policy interventions

that incentivize repairable product design.

e Actor Perspective and Communication:

This research primarily considered the perspectives of users and designers.
Future studies should incorporate the viewpoints of other key actors in the
product lifecycle, such as manufacturers, repair technicians, and policymak-
ers. This broader stakeholder engagement would provide a more holistic
understanding of the challenges and opportunities associated with design
for repair. Furthermore, this research did not deeply investigate the opti-
mal methods for delivering and communicating design for repair concepts
to designers. Future work should explore effective communication strate-
gies, including educational materials, design tools, and industry standards,
to facilitate the practical application of these principles. This could include
developing training programs, design checklists, and software tools that inte-

grate design for repair considerations into the product development process.

5.3. Conclusion

This thesis has explored the critical shift in perspective from designing for repair
to designing the experience of repair. Recognizing that repair is not merely a
technical intervention but a complex interplay between humans, artefacts, and
the surrounding system, this research has argued that a positive repair experience
is paramount for promoting product longevity and fostering a more sustainable
consumption model. This research adopted a two-stage design process (Figure
3.1) to investigate and address this complex issue.

The first stage, Ideation and Pretesting, focused on gathering rich insights into
the multifaceted nature of repair experiences. This involved a combination of
qualitative and quantitative research methods. Auto-ethnography provided per-
sonal reflections on diverse repair activities, from traditional Kintsugi to everyday

appliance fixes, offering a grounded understanding of individual repair journeys.
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Ethnographic studies of a London-based repair community provided valuable in-
sights into collaborative repair practices and the social dimensions of repair. A
hands-on Kintsugi Transformation Workshop further deepened the understanding
of repair processes and their transformative potential. Complementing these qual-
itative approaches, a repair survey gathered quantitative data on people’s repair
experiences and attitudes, providing a broader statistical context.

The second stage, Proposal, is built upon the insights gained from the Literature
Review and the Ideation and Pretesting stage. This stage focused on translating
the research findings into practical design solutions for a better repair experience.
A key component of this stage was the case study, “Redesigning a Fan,” which
served as a practical demonstration of how the principles and insights derived from
the previous stages could be applied to create a more repairable and sustainable
product. This case study provided concrete examples of how design interventions
can improve the repair process and enhance the user experience.

By framing repair as a series of negotiations occurring at multiple levels, this
study highlighted the importance of minimizing friction at each stage to create
a seamless and enjoyable repair experience. User-centred design principles and
accessible repair support, such as tool-less disassembly /assembly, clear repair in-
dicators, and opportunities for creative problem-solving, were shown to signifi-
cantly reduce user uncertainty and enhance engagement in repair activities. This
underscores the direct correlation between a well-designed repair experience and
increased user willingness to repair.

The analysis of diverse industry examples mentioned in the interview, from
IKEA’s user-friendly self-assembly model to Apple’s streamlined replacement pro-
grams, revealed the spectrum of existing approaches to enhance repair experience
and their respective strengths and weaknesses. While some strategies excel at
empowering users, others prioritize efficiency or brand loyalty, sometimes at the
expense of product longevity and environmental sustainability. This highlighted
the complex interplay between user experience, business models, and the broader
goals of sustainability.

Ultimately, this thesis demonstrates that designing for the repair experience is
not just about making products easier to fix; it is about fostering a cultural shift

towards valuing repair, extending product lifespans, and minimizing waste. By
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understanding the multifaceted nature of the repair process, through a rigorous
design process encompassing both qualitative and quantitative research and prac-
tical application through a case study, and adopting a user-centric approach, we
can create a future where repair is not a last resort but an integral and valued
part of the product lifecycle. This requires a collaborative effort from designers,
manufacturers, policymakers, and consumers to prioritize repairability, promote
sustainable business models, and empower individuals to engage in meaningful
acts of repair. Future research should focus on developing more specific design
guidelines for diverse product categories, exploring innovative business models
that incentivize repair, and further investigating the complex interplay between

user behaviour, product design, and environmental sustainability.
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Repair Survey

To all respondents:

Thank you for scanning the QR code.

This survey is aiming to understand more about repair.

Please help us fill out the form and share your opinion with us, and the information
you share with us will be ANONYMOUS and confidential, which only be used in
research and developing the project.

Your opinion is essential and valuable for us to make more repairable product, so that
we could take a further step to have the right to repair, which would make the world
more sustainable.

If you have any questions, please contact ihanhsieh@keio jp, we would reach out to
you soon.

Best,

|-Han Samantha Hsieh

Master Student

Future Crafts

Graduate School of Media Design, Keio University

* FTUAMARIEE

Do you repair?

In this section, we would like to ask you to think about repair.
Feel free to contact ihanhsieh@keio jp if you have any question, we would be happy to
support you.

1+ How confident are you in your making skills? *

This includes any kinds of making skills, such as sewing, sculpting, 3D printing, laser
cutting, woodworking, metalworking etc. Please consider your skills in relation to a
specific project or goal you have in mind.

o spe

B

Not Very Confident
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20

40

What would you normally do if an object is broken? *

oo )

B

D Repair it yourself

) Throw it away or Recycle it

D Repurpose it

() Find a local repair shop to repair it

D Send it back to the company to repair/ replace it

() Hfth:

How confident are you in your repair skills? *

Very Confident

What is the main reason for you to repair an object? *

oo spe

BiE e

Q Saving money

Q Attachment to the item
() Environmental benefits
@ Sense of satisfaction

Q Learn new skills
) s :
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5. What is the main reason for you NOT to repair an object? *

oo )

B o

i

Time Consuming

Lack of Repair Skills

No Available Parts

Money Consuming

Lack of Tools

Outdated Product

Products are NOT Repairable
Hih
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6o How likely do you repair the following products? *

FHFEER—EAESE -

U:ﬁg{y Unlikely  Likely Jser\l/y
Laptop -, O o O
Smartphone Q D D Q
Wired
Headphone Q O O O
Wireless
Headphone Q D Q Q
Tshirts O O O O
Sweaters ) - O O
WinterCoat () O O O
Sneakers &
Trainers Q O O Q
Boots O o O O
o O O O O
Roomba ) - O O
Table Q D D Q
Drawer Q O Q Q
Suitcase Q D D Q
ElecticFan () o O O
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7 o Any other opinions?

Google W RBAIHZILBIEAS °

Google RE
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B. Interview Questions for Users

e How was your ability of making?

e How do you feel about the first product? What kind of difficulties have you

discovered during the repair process?
e Comparing the first and second design, which one are you preferred? Why?

e Explain what you make, and why are you repairing the fan like this? What

are you aiming to achieve during the process?

e What do you think about the second prototype and its repair process? How
do you feel during the process? Is there anything to be improved?

e Other than the material offered, what kind of the material would you like
to try on this model?

e Comparing to your daily experience of a broken product, what would you
do normally? Do you repair? Why and why not? What are the differences

between this model and your previous experience?
e How would you define as “Repair” ?
e To what extent do you think creativity is needed in repairing an object?

e Any other comments?
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C. Document Used in the Designer Interview
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How to Design for Repair?

In this interview, we...

explain the concept of Design for Repair

utilise the concept in the product category that you are familiar with
sketch a few ideas

discuss the concepts

Before we start...

e Prepare pens and papers or any kinds of tools for idea sketching.
e Three Questions:

o Please briefly introduce yourself

o What kind of product do you normally design?

o How would you define Repair?
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Designer’s Guideline

Repair is a process that makes a broken
object work again, but the working version is
negotiable.

Since the object after repair could only be as
close as possible to its original status, any
working version that satisfies the user or

owner should be acceptable. y //////m"“\\\\: ,-‘

What would be a possible working version of a product?
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Principles Checklist:

e Production:

| Using appropriate materials

| Using common parts

] Concerning disassembly and reassembly (modularity, no adhesives, fewer tools)
e Use:

| Accessibility to repair service

| Availability of spare parts

| Clear instructions for maintenance and repair
e End of Life:

| Difficulty of disassembly

| Materials and parts recycle

The following tips might be helpful for developing a
repairable product:

Disassemble to learn.
Ask repairers for opinions.
Consider the whole system.

[ ]
L]
L]
e Embrace hacking if needed.

Example
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RE-design

Time: 00:32:19

Tools: N/A
Screws: N/A

Overall
Holes for Appearance Repair
Repair Indicator (Open)
Repair Indicator (Wire)

HonN =

Different Working Version
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Ideation Sketch

Base on the guideline offered, quickly sketch a few ideas that utilise the concept.

Interview
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D. Interview Questions for Designers
Before Practising the Guideline:

e What kind of product do you normally design?

e How would you define Repair?
After Practising the Guideline:

e What do you think about the guideline and the point of view it offers?
Which part is doing well? Which part needs to be improved? Is there
anything that needs to be added?

e Which aspect of the guideline is the most essential in practice?
e How might this guideline influence your future design?

e What other kinds of products do you think the guideline is applicable? What
kinds are NOT applicable?
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