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Abstract 
In the field of art, a patina has been considered a time-dependent painting 
element. Artists and designers have noticed several values of patinas in 
terms of aesthetical appearance, historicity, authenticity, and uniqueness. 
Inspired by the patina’s value, this research aimed to investigate the use of 
digitally generated patinas for enhancing product attachment.  

To meet this goal, I reviewed the literature and relevant cases and analyzed 
how traces and patinas have been valued and used in art, product design, 
and human-computer interaction fields. I also investigated the impact of 
traces on people’s everyday context, including why some people consider 
traces valuable while others hate them as artifacts. Then, as an alternative 
way of using patinas for enhancing product attachment, I proposed digital 
patination, a design technique that induces an accumulation of patina-like 
patterns based on digitally recorded histories during the product use stage. 
Four design aspects of digital patination were identified based on the 
preliminary studies and on the literature review: the source of the patina, 
the tracing moment, the form of the patina, and user participation in 
patterning. 

I primarily advanced the research by applying digital patination to different 
target domains: digital devices and analog artifacts. While applying digital 
patination to each domain, I developed two prototype systems to construct 
an understanding of the overall design space and to cover various 
combinations of the digital patination design aspects.  

First, I concentrated on the applicability of digital patination for digital 
devices, focusing on activity trackers. By developing the Patina Engraving 
System, the design technique was concretized, and I explored how 
participants’ activity-tracking experiences could be affected through digital 
patination. During the field trial, I found that patination motivated the 
participants to exercise more in order to engrave aesthetic patinas. A tracker 
with patina triggered spontaneous social interactions in face-to-face 
situations. The participants also cherished the trackers that held their own 
history. 

Subsequently, I explored the applicability of digital patination for analog 
artifacts. The traditional way of using patinas for analog artifacts has some 
limitations regarding uncontrollable and unpredictable patination 



 

mechanisms and a lack of information. Thus, I investigated improvements 
on the traditional patination of analog artifacts by combining digital 
technologies. Based on the results of the study with the Patina Engraver, I 
combined computational designs to give a more refined shape to the patinas; 
I also devised a patination system that allows active user participation from 
designing patina patterns to tracing them. Focusing on the context of 
bicycling, I presented Trace-Marker. From the field trial, I found that digital 
patination based on the history of the bicycle journey helped participants 
add personal stories and identities to their bags. Participants embraced the 
patination process as a part of their product use. 

Based on the results, I discussed the impacts of digital patination by 
comparing the study results with the value of natural patinas and previously 
suggested design strategies for product attachment. I then explained what 
should be considered further in order to apply digital patination in diverse 
design contexts. 

This research will make several contributions. First, it will detail a design 
approach by applying the concept of patina. Second, it will show the design 
cases as examples of digital patination. The process and rationale behind 
the system design will be presented as design knowledge. Third, it will 
improve understanding on whether or not digitally generated patinas 
enhance product attachment. Finally, it will guide the design of future 
artifacts and services by suggesting design issues and opportunities. 

  

Keywords: Product Attachment, Patina, Trace, Data Visualization, 
Fabrication, Product Personalization, Research through Design 
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Chapter 1. Introduction 
 
 

1.1 RESEARCH BACKGROUND 
 

1.1.1 Importance of Product Attachment 

Many artifacts that were once bought for their functional, hedonic, or 
psychosocial benefits are eventually discarded. Several researchers have 
noticed the emerging disposable technology paradigm, which is 
characterized by technology that comes with the expectation of a short 
usage lifetime, despite the potential for a longer functional lifetime (Huang 
& Truong, 2008). In some cases, people throw away fully functional durable 
products  because they look old-fashioned, because they are no longer 
compatible with other products, because new products on the market offer 
more utilities, and so on (Nes, 2003). From the viewpoint of sustainability, 
a high product turnover is, in many cases, undesirable because it produces 
waste and further uses scarce resources. 

Under this paradigm, there have been attempts to lengthen the 
psychological life span of a product by improving the attachment people 
feel for the products they use and own (Brezet et al., 1997). When a person 
feels an emotional bond to an object, he or she is more likely to handle the 
object with care, repair it when it breaks down, and postpone its replacement 
for as long as possible. For instance, Chapman explained the notion of 
emotional durability and introduced an experiential framework to provide 
designers with distinct conceptual pathways with salient issues of emotional 
durability and design (Chapman, 2009). In the human-computer interaction 
(HCI) field, studies have been conducted on building sustainable 
relationships between artifacts and users (Blevis, 2007). As an example, 
Odom and Pierce explored people’s relationships with objects at home with 
a focus on the ways in which artifacts improve rather than deteriorate over 
time (Odom & Pierce, 2009). These studies contributed to explaining why 
some artifacts become valuable to their owners; they also served to explain 
how an artifact can be made more valuable through interactive technologies. 
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Likewise, designers and researchers have acknowledged the importance of 
product attachment and the need to improve the user-product relationship. 
However, previous studies have not gone beyond the conceptual and 
theoretical stages. To contribute toward the production of intermediate 
knowledge which designers can apply, I focused on utilizing material and 
digital traces and the concept of patina with a combination of digital 
technologies. Furthermore, I investigated the effects of digitally generated 
patinas on product attachment. 

 

1.1.2 Utilizing the Concept of Patina for Product Attachment 

Whether deliberate or unintentional, every material trace, such as a crack or 
scratch that artifacts manifest through user interaction, inscribes a story. For 
example, the wooden part of a musical instrument shows signs of wear, and 
its surface becomes smooth from being repeatedly touched by a user. As a 
material trace becomes thicker and richer, people sometimes consider it to 
be aesthetically pleasing. The trace can also remind them of their past 
experiences. In this way, some objects, as they move through their life cycle, 
acquire traces that have varying attributions of value. As illustrated above, 
traces of artifacts sometimes contribute toward making said artifacts 
emotionally enduring by making the users feel and reflect on past 
experiences and by strengthening the emotional relationship between the 
users and the artifacts. In particular, the term “patina” refers to the 
accumulated material traces with particular qualities in objects, where the 
trace is meaningful and valuable and a symbolic property of the object. A 
patina has been considered to be a time-dependent painting technique in the 
field of art (Krumbein, 2003; Zancheti et al., 2006).  

As traces and patinas have been used as design elements in the field of art 
and architecture for object conservation or decoration (DeSilvey, 2006), 
their usage as a design resource has been of increasing concern in the area 
of design and HCI. Kirk and Sellen explained that there might be 
compelling new design opportunities engendered by understanding the 
benefits of objects with patina and how they change over time (Kirk & 
Sellen, 2008). Physical objects degrade as they age, but this fragility is often 
cherished, and the development of patina through use or neglect can add 
value to an object. Kirk and Sellen stated that such affordances of the 
physical are not normally applied to digital objects, but evidently such 
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aspects of physicality might lead to intriguing redesigns of digital objects, 
giving them new value. Other researchers have also suggested looking for 
opportunities to use materials that can record in the form of patina or 
otherwise histories of use that enrich the ensoulment of an object rather than 
just cause a used appearance of something that needs to be replaced (Jung, 
Bardzell, Blevis, Pierce, & Stolterman, 2011; Odom, Pierce, Stolterman, & 
Blevis, 2009).  

Meanwhile, the design for enhancing product attachment and the use of 
patinas have received limited attention in two perspectives. First, the use of 
patina has been limited to artistic works or to the graphical user interface of 
software. Second, there have been minimal studies on the diverse patination 
techniques that make use of the advantages of both material and digital 
traces. Inspired by the use of patina in the field of art, I tried to apply the 
concept to product design for product attachment. Moreover, to overcome 
the limitations of traditional patination, I tried to develop patination by 
combining technologies such as data visualization and fabrications. Thus, 
in this dissertation, I suggest digital patination as an alternative patination 
and explore the use of digitally generated patinas for enhancing product 
attachment. 

 

 

1.2 RESEARCH AIM 
In this dissertation, I try to investigate the impacts of digitally generated 
patinas on product attachment. Specifically, the main research question in 
this dissertation is: 

 Would patination with digital technologies contribute to the 
development of product attachment? 

I investigated the concept of patina and design techniques for utilizing 
traces and patinas as design elements. To develop digital patination as 
intermediate knowledge for enhancing product attachment, this 
dissertation’s research aimed: 

 to understand the value of traces and patinas; 

 to explore the applicability of patination in designing artifacts and 
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services; 

 and to investigate the impacts of digitally generated patinas on the 
user-product relationship 

 

In order to answer the main question, I constructed detailed sub-questions: 

 What kinds of impacts do traces give on products? 

 Why do people consider some traces and patina in artifacts valuable 
and other traces not valuable? 

 What are the differences among analog artifacts and digital artifacts 
regarding traces and patina? 

 

 How can an artifact be designed to improve with age through the 
concept of patina? 

 How has the concept of patina been used in the art and design 
domain, and what are its limitations? 

 How can analog artifacts be designed utilizing the concept of patina? 

 How can digital artifacts be designed utilizing the concept of patina? 

 

 Would patination using digital technologies contribute to enhancing 
product attachment? 

 Would the patination of artifacts strengthen the user-product 
emotional bond? 

 Would the patination of artifacts improve users’ slow and reflective 
experiences during product use? 

 

 

1.3 RESEARCH SCOPE AND METHODOLOGY 
The aim of this thesis was to suggest an alternative patination technique, so 
called digital patination, as intermediate knowledge for designing products 
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and services and to investigate the value of patination. I chose to do this in 
the manner of a designer by referring to the construction of intermediate 
design knowledge that connects theories and instances. 

To generate intermediate design knowledge that shows possible design 
solutions that can be appropriated by designers and researchers, it is 
important to explore its applicability and impact in diverse domains. As 
Höök and Löwgren mentioned strong concepts as design elements 
abstracted beyond particular instances that have the potential to be 
appropriated by designers and researchers to extend their repertoires and 
enable new particular instantiations (Höök & Löwgren, 2012), intermediate 
design knowledge connects the notion of abstraction to the scope of 
applicability. 

In order to construct digital patination as an intermediate design knowledge, 
horizontal and vertical investigations were carried out using the research 
through design (RtD) method. Many researchers have considered RtD to be 
a designerly inquiry focused on making an artifact with the intended goal 
of societal change (Swann, 2002; Zimmerman, Forlizzi, & Evenson, 2007). 
There exist several instances of using RtD in the design and HCI area. The 
focus on an intended outcome links RtD to Simon’s definition of design in 
Sciences of the Artificial as seeking a preferred state (Simon, 1996). Archer 
(Archer, 1995) also mentioned the usefulness of RtD, recognizing it as a 
form of action research, which is investigation through practical action 
calculated to devise or test new concepts and to produce communicable 
knowledge. Joep Frens (Frens, 2006) mentioned that knowledge on two 
levels can be gathered using RtD. He explored various designs for a camera 
considering rich interaction. In this process, he provided information about 
the aspects of the products, such as the form of the product or the types of 
interface. He also explained the process of how an example prototype came 
into existence. Likewise, he stated that the knowledge of products and the 
knowledge of the process of designing the products are generated. 

In this study, I provide useful knowledge not only for design and HCI 
researchers, but also for design practitioners by implementing design cases 
that utilize the concept of patina. I expect that the RtD method is appropriate 
for exploring the potential of patina in the digital area, which has not been 
studied enough (Zimmerman, Stolterman, & Forlizzi, 2010). In what 
follows, the horizontal and vertical investigations using RtD are explained. 
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1.3.1 Horizontal Investigation: Exploring the Applicability of 
Digital Patination 

First, horizontal investigation was carried out to understand the range of 
applicability concerning the suggested concept of digital patination (Figure 
1). Horizontal grounding amounts to designing applications that involve 
suggested design concepts for other domains and settings or studying 
existing applications of that kind. In this dissertation, I apply a newly 
suggested design technique to different application contexts and concretize 
the technique by using the RtD method. 

The RtD method includes creating artifacts that illustrate future visions, 
uses of new materials, and potential ideas. From the process of creating 
novel artifacts, the knowledge about applicability can be generated, which 
will be useful for design and HCI practitioners. In addition, the knowledge 
about design considerations is gained during the design process, and 
findings from the user study can be used to generate guidelines and 
frameworks to provide the design research community with information on 
how to design. In this research project, digital patination was applied to the 
context of analog products and digital products. During the process, several 
design considerations were explained and discussed. 

 Applying patination to digital devices 

How to use traces for improving the value of digital devices has rarely been 
explored. Regarding the accumulation of trace, digital devices are designed 
to avoid material traces on their surface. Meanwhile, digital traces like log 
are utilized for providing efficiency, such as making shortcuts. In this thesis 
project, an activity tracker is chosen as a representative instance among 

Figure 1. Horizontal Investigation of Digital Patination 
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diverse digital devices. The reason for focusing on an activity tracker is that 
(i) it creates activity logs as digital traces, (ii) it is used in the long term, and 
(iii) its physical appearance is an important factor to which patinas may 
contribute. I investigated how to use the digital and material traces of digital 
devices for enhancing people’s attachment to such devices. With the 
example case of an activity tracker, the design method was concretized and 
the impact of patination was evaluated. 

 Applying patination to analog artifacts 

I explored digital patination for analog artifacts. Because analog artifacts do 
not generate digital traces by themselves, unlike digital devices, I could 
explore the issue on the association between digital trace and a product. 
Moreover, because the traditional way of using patinas has not been 
developed further, I tried to compensate the defect of traditional patination 
in analog artifacts by combining digital technologies. In this project, the 
context of bicycling and bicycle bags was chosen as a representative 
instance. The reason for selecting this context was that bicycles and 
bicycling accessories are now regarded as lifestyle accessories, and many 
riders frequently use tracking applications that could be utilized as sources 
of patination for modifying bicycle accessories. Similar to the study on 
digital devices, I also investigated the technique of transforming the 
digitally recorded history of using an analog artifact into material traces for 
enhancing product attachment. With the example prototyping system for the 
bicycling context, the design method was concretized and the impact of 
patination was evaluated. 

 

1.3.2 Vertical Investigation: Investigating the Effects on 
Product Attachment 

Second, vertical investigation was conducted to investigate the impact of 
the suggested design concept and to develop connections to theory (Figure 
2). Vertical investigation contributes toward answering questions such as 
the following: Is the suggested intermediate concept present in other known 
instances? Can I use those other instances as a broadened empirical base 
upon which to learn more indirectly about the suggested intermediate 
concept in use and thus be able to predict more reliably how it can or will 
affect use? 
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It was expected that the RtD method is proper to develop connections to 
relevant theories by finding how user experience is affected by the 
suggested concept through observation or interview. The user study with the 
created artifacts and services based on the suggested concept enabled the 
gathering of rich responses from people, and the study result was used to 
connect the suggested intermediate concept to diverse theories. In this 
research project, the effect of digital patination was investigated in relation 
to existing theoretical backgrounds such as product attachment, emotional 
durability, slow technology, design for reflection, etc. 

 

1.4 DISSERTATION STRUCTURE 
This dissertation is composed of eight chapters. Figure 3 shows the aims 
and methodologies in each chapter. 

In Chapter 1, I set the research aims and scope. I explain the research 
motivation regarding the ways of enhancing product attachment as inspired 
by patina. I describe the research method and process of investigating the 
value of patination by using the RtD method. 

In Chapter 2, I explain several theoretical backgrounds to illustrate the 
relationship between people and artifacts, such as product attachments and 
emotional durability. Then, I focus on patinas as a potential design source 
for enhancing product attachment. I clarify the definition of a trace, a patina, 
and patination, and explain the characteristics of patina. Then, by reviewing 
the literature and relevant cases, I describe how traces and patination have 
been used in the art and product design area and why patina has been valued. 

Figure 2. Vertical Investigation of Digital Patination 
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In order to discuss the applicability of the concept of patina for product 
attachment, I then reflect on the current limitations and issues to be 
identified.  

In Chapter 3, I investigate the impact of traces on people’s everyday context, 
including why people consider some traces valuable while they sometimes 
dislike traces in artifacts. To analyze the impacts, I conduct interviews 
regarding participants’ past experiences with analog artifacts, digital 
devices, and digital content. The results show how and what kinds of traces 
are accumulated and what the positive and negative impacts of traces are 
regarding the functional, aesthetic, historic, and authentic values of artifacts. 
Based on the study results, I then discuss the design implications and the 
initial design directions of patination using digital technologies. 

In Chapter 4, I suggest digital patination as a design technique that induces 
the progressive accumulation of patina-like patterns based on digitally 
recorded histories for enhancing users’ attachment to artifacts. I explain the 
exploratory design aspects of digital patination and how the aspects of 
digital patination are explored in the following studies. 

In Chapter 5, I concentrate on the applicability of digital patination for 
digital devices. The use of digital traces in digital devices has been restricted, 
mainly for pragmatic purposes. Also, while current digital devices are 
designed to protect against material traces such as scratches, cracks, 
discoloration, etc., the use of material traces in digital devices also has 
potential. Thus, I investigate the applicability of digital patination for digital 

Figure 3. Dissertation Structure 
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devices by focusing on the case of an activity tracker. As a design approach, 
I present digital patination for activity trackers by materializing digital 
traces on the surface of trackers to overcome the current limits. Making use 
of the advantages of natural patinas, I explore the mimicked form of patinas 
by using a stippling mechanism. Finally, by developing the Patina 
Engraving System (Patina Engraver and Patina Tracker), the design method 
is concretized and evaluated. 

In Chapter 6, I focus on the applicability of digital patination for analog 
artifacts. The traditional way of using patinas in analog objects has some 
limitations regarding uncontrollable and unpredictable patination 
mechanisms and a lack of information on histories in patinas. Thus, I 
investigate improvements on the traditional patination in analog artifacts by 
combining digital technologies. Based on the results of Chapter 5, I 
combine computational designs to give shapes to patinas. Also, unlike the 
design of the Patina Engraver, I investigate a patination system that allows 
active user participation from tracing to designing. With this consideration, 
a Trace-Marker is developed as a prototype, and its impact on product use 
is evaluated. 

In Chapter 7, I discuss the impacts of digital patination by comparing the 
study results with the value of natural patinas and previously suggested 
design strategies for product attachment. Then I discuss further suggestions 
based on the findings from two studies. I identify design suggestions 
considering each design aspect of digital patination. Lastly, I finalize this 
chapter by discussing the limitations I had in this study, which should be 
overcome in future studies. 

Chapter 8 is the concluding chapter that presents the main research findings 
and contributions. I summarize the results of qualitative studies and case 
developments and the impacts of digital patination on user-product 
relationships. I then explain the expected contributions of this dissertation 
in terms of methodology, design aspects, prototypes, and design 
implications. 
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Chapter 2. Theoretical Background of 
Product Attachment and Patina 

: Review of Literature and Current Cases 
 

Focus of this chapter 

Before conducting empirical studies to investigate the use of patina for 
product attachment, it is necessary to understand general knowledge and 
trends in relevant academic fields. In this chapter, I describe theories 
regarding relationship between a user and a product such as product 
attachment and emotional durability. Then, patina is investigated as a 
potential means to enhance product attachment. To understand the existing 
strategies of patination, I explore how traces and patination have been used 
in art, product design, and architecture. Moreover, to extend the 
applicability of patinas to the digital domain, I analyze cases from HCI 
regarding the use of traces and patinas. I discuss how to improve current 
patination by using digital technologies and limitations and issues to be 
identified regarding the forms, purposes, and impacts of patinas. 

 

 

2.1 UNDERSTANDING THE USER–PRODUCT RELATIONSHIP 

 

2.1.1 Emotional Value of a Product 

 

2.1.1.1 Attachment Theory and the Extended Self 

Many disciplines have investigated how people from different cultures 
modify and form attachments to their possessions. Why do people consider 
some products more meaningful and valuable than other products? What is 
the role of products in the user–product relationship? Several theoretical 
approaches have been used to illustrate the relationship between people and 
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things. 

Most of the work has been done within socio-psychological research, with 
books such as the seminal work The Meaning of Things (Csikszentmihalyi 
& Halton, 1981), Taking Things Seriously (Glenn & Hayes, 2007), The 
Comfort of Things (Miller, 2008), and Evocative Objects (Turkle, 2011), the 
latter of which contains an edited ethnography. According to these works, 
the products people possess and use are not simply tools to be used for 
survival (or to make survival easier and more comfortable). Products 
embody goals, create skills, and shape the identities of their users 
(Csikszentmihalyi & Halton, 1981). 

Similarly, researchers have explored how people’s possessions contribute to 
their evolving senses of self. Using a sociocultural approach, Belk (Belk, 
1988) shows varied evidence that artifacts are important components of 
self-extension. He investigates the relationship between possessions and the 
sense of self, and he introduces the concept of the extended self. Belk states 
that external objects may be viewed as part of oneself (when one is able to 
control them) and serve as reminders and confirmers of one’s identity. 
Objects in our possession may literally extend the self, such as when a tool 
allows us to do things that we would otherwise be incapable of. They serve 
as enhancements of our personal power. Also, possessions are convenient 
means of storing memories and feelings, providing a sense of who we are 
(as links to our pasts) or serving as symbols of who we are and which group 
we belong to. 

Kleine and Baker (Kleine & Baker, 2004) organized the values of artifacts 
into two meta-themes: self-definitional value and self-change value. Self-
definitional value refers to a tangible referent that helps a person grasp the 
idea of “me” and provides opportunities for schemas about “who I am,” 
“who I was,” and “who I am becoming.” Self-definitional value includes 
autobiographical value, storytelling value, self-cultivation and self-
development, action value, contemplation value, self-boundary regulation, 
and affiliation value. Self-change value refers to how possession helps us to 
project ourselves into the future. These studies explain the ways that 
artifacts are implicated in human understanding. They also show that the 
use, display, and ownership of artifacts should be understood in connection 
with context and environment. 
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2.1.1.2 Product Attachment in Design 

The design community has defined product attachment as “the strength of 
the emotional bond a consumer experiences with a specific product” 
(Meschtscherjakov, Wilfinger, & Tscheligi, 2014; Schifferstein & 
Zwartkruis-Pelgrim, 2008). Three implications can be derived from this 
definition. First, it suggests that a strong emotional bond exists between the 
user and the product. Second, it implies that the product triggers emotions 
within the user. Third, a user’s experience of attachment to a product is a 
matter of degree (Kleine & Baker, 2004).  

Mugge states that people develop attachments to products that convey 
special meanings to them (Mugge, Schoormans, & Schifferstein, 2009). She 
proposes four product meanings as possible determinants of product 
attachment for ordinary durables: self-expression, group affiliation, 
memories, and pleasure. In relation to product attachment and sustainable 
design, Chapman (Chapman, 2009) proposes the notion of emotional 
durability; he explains the relative importance of emotional durability 
(rather than physical durability) and introduces an experiential framework 
to provide designers with distinct conceptual pathways that include the 
salient issues of emotional durability and design. This framework suggests 
that narrative, detachment, surface, attachment, and consciousness are 
potential determinants in making an artifact emotionally meaningful.  

Regarding product attachment, there is a growing human–computer 
interaction (HCI) literature, including explorations of the practices 
surrounding technology itself and the implications for electronic waste. In 
the sustainable interaction field, there are studies on sustainable 
relationships between artifacts and users (Blevis, 2007). The notions of 
ensoulment and heirloom status have been discussed (Blevis & Stolterman, 
2007; Jung et al., 2011). Odom et al. (Odom et al., 2009) also studied why 
we preserve some things passionately and discard others. By collecting 
personal inventories of digital artifice in the home context, researchers 
explored people’s relationships with digital and analog objects in the home 
with focus on the ways in which products improve rather than deteriorate 
over time. 

Beyond digital devices with physical shapes, studies have sought to 
understand virtual possessions (Odom et al., 2013). Virtual possessions 
include formerly material objects that have increasingly become immaterial 
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(e.g., books, music, photos, and tickets); objects that never had a lasting 
material form (e.g., electronic message archives, social networking profiles, 
game avatars, and social networking badges); and even metadata traces that 
document people’s interactions with digital devices and services (e.g., photo 
location information, music play histories, automatic and manual photo tags, 
and credit card purchase histories). In the past few years, HCI researchers 
have begun to explore people’s practices regarding virtual objects (D. S. 
Kirk & Sellen, 2010; Odom & Pierce, 2009; Odom, Zimmerman, & Forlizzi, 
2011). This nascent body of work has focused on understanding and 
building tools to support the values and practices surrounding people’s 
virtual archives. 

 

Researchers Design Strategies for Product Attachment 

Ruth Mugge et al. 
(2009) 

 Memories 
 Exclusive product 
 Personalized product 
 Personal accomplishment 
 Shared history (aging with dignity) 

Chapman (2009) 

 Narrative 
 Detachment 
 Surface 
 Attachment 
 Consciousness 

Odom et al. (2009) 

 Function 
 Symbolism 
 Material quality 
 Engagement 
 Histories 
 Augmentation 
 Perceived durability 

Van Nes (2003) 

Personification by acquisition 
 Design made personal 
 Finishing of the product by the user 
 Uniqueness 
 

Personification during use 
 Capture memories 
 Adding of personal elements 
 Ageing with dignity 
 

Pleasure / fun 

Table 1. Design Strategies for Product Attachment 
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2.1.2 Exploring Design Cases and Strategies for Product Attachment 

Several researchers have proposed design strategies to enhance the 
emotional relationships between users and products based on investigations 
into how and why people develop deep loves for their possessions (Table 
1). In this dissertation, I rearranged the design strategies for enhancing the 
relationship between a user and a product into five categories. 

 Personalized products 

One way to create product attachment is to stimulate irreplaceability 
through products that are unique and personal. Such exclusive products 
appeal to individuals’ desires to be different from others and are, therefore, 
superior in expressing a person’s identity (Tian, Bearden, & Hunter, 2001). 
Due to this self-expressive meaning, users can become attached to these 
products (Dittmar, 1991; Van Hinte, 1997). Moreover, unique or exclusive 
products are scarce and cannot easily be replaced. Manufacturers may 
implement this strategy by producing truly different products in limited 
series. 

A related possibility for creating unique and personal products is to involve 
users in the design process of their own products. When users are involved 
in creating products, the products acquire a personal touch and thus express 
the user’s identity (Blom & Monk, 2003). Mugge, Schifferstein, and 
Schoormans (Mugge, Schifferstein, & Schoormans, 2004) found that 
people become more attached to their bicycles if they have personalized 
them by painting them eye-catching colors. While personalizing a product, 
a user invests his or her energy in it and is directly involved in creating the 
end result. This implies that users can codesign products and apply their 
own creativity to create unique and personal products. 

The value of the personalization strategy partially lies in the fact that the 
personalized product represents a personal accomplishment to the owner. 
People tend to become more attached to products that symbolize such 
personal accomplishments (Dittmar, 1991). Implementing personalization 
options in product design may thus be a valuable way to strengthen the 
person–product relationship and postpone users’ product replacement.  
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Droog Design presented preliminary ideas on how people can create their 
own products in its Do Create product line (Figure 4) (“Do Create,” 2000). 
Do Create’s philosophy is to ask the user to interact, add his or her own 
interpretation, and make the product come alive. The Do Hit Chair is a cube 
made from .04-inch-thick steel. It’s shipped with a sledgehammer, which 
consumers use to customize its shape. With this hammer and the consumer’s 
own resources, he or she can shape the metal box. Another Droog Design 
product is Do Scratch, which is an unfinished lamp. The lamp is covered 
with black paint and cannot spread any light until the consumer finishes the 
product by scratching a personal design or message into the black surface. 

 Material qualities that age with dignity  

Sometimes, products passively develop into personal items during usage. In 
particular, certain materials have a tendency to form and wear gracefully 
over time and inspire durability—especially wood or metal—and improved 
material quality can engender high product attachment (Van Hinte, 1997). 
Examples include leather jackets and pairs of jeans, which shape themselves 
to the wearer’s body. The product thus represents the shared history of the 
person and the product. Consequently, the product becomes unique and 
irreplaceable. It may be difficult to apply materials that age well in mass 
production. Nevertheless, as in the example of leather cases for mobile 
phones and laptops, users do have needs for items with such materials and 
exploration on the materials that age with dignity is necessary. 

 

Figure 4. Examples of Personalized Products by Droog Design (2002): 
(a) Do Hit Chair, (b) Do Scratch 
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 Personal memories 

Several scholars have explained that the memories associated with products 
can positively affect the experience of product attachment 
(Csikszentmihalyi & Halton, 1981; Schutz-Kleine, Kleine, & Allen, 1995). 
If products become reminders of the past, they acquire strong symbolic 
meanings that cannot be provided by other products. Physical contact 
between the product and a special person or place in the past can 
symbolically differentiate a product, causing an emotional connection 
between the user and that product to be constructed (Belk, 1988). As a result, 
the product becomes irreplaceable, and the user will try to postpone 
replacement of it, as replacing the product implies that the memories 
associated with the product will disappear.  

Despite the value formed by personal memories and histories with a product, 
the development of an object’s symbolism is harder to predict than the way 
in which it is likely to be used, the endurance of its function, or the life span 
of its material qualities. Nonetheless, symbolism can engender strong 
product attachment when it arises from personal history as a byproduct of 
use over time. For this reason, as in the pattern of wear that develops on 
loved furniture, it is important to look for opportunities to record patina on 
materials or otherwise form histories that enrich the ensoulment of an object 
rather than just cause it to appear used and in need of replacement.  

 Engaging product use 

Engagement describes the extent to which an object invites and promotes 
its’ owner’s physical engagement during product use. Some tools, such as 
musical instruments, require a degree of skill to use in addition to direct 
physical involvement. Through the process of using a product, users feel 
deeper attachments to those objects. Thus, researchers note that it is 
important to look for opportunities to increase an owner’s involvement in 

Figure 5. Example of Engaging Product Use: (a) JuicyMo’s hidden 
function, (b) users’ physical involvement (Grosse-Hering et al., 2013) 
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the motor-tactile nature of the object’s use (Odom et al., 2009).  

As an example, Grosse-Hering et al. (Grosse-Hering, Mason, Aliakseyeu, 
Bakker, & Desmet, 2013) apply the theory of slow design to mass-produced 
products to establish more mindful usage of products; the intention behind 
this is to promote product attachment and the associated, sustainable 
benefits of long-term use. JuicyMo is an electric fruit juicer based on the 
slow design principles related to engaging product use. Once the device is 
switched on, its parts slowly become transparent and reveal what is hidden 
behind the casing (Figure 5.a): first the auger jar, then the pulp container, 
and finally the juicing jar. The aesthetic kitchen object becomes a kitchen 
device, revealing its function and internal structure. The JuicyMo’s other 
feature is related to physical involvement; one of the key elements of 
product attachment is to keep the user involved. The feeding interaction 
with the juicer involves using a hollow ¾ sphere on top of the juicer, which 
also serves as a bowl where the fruit is placed prior to juicing (Figure 5.b). 
When this small fruit bowl is full, the user can turn the sphere around on its 
axis, causing the fruit to slide into the juicer, where it is crushed by the auger. 
To provide the opportunity to understand and observe this process, these 
elements were made from transparent material. In addition, this interaction 
gives the user a feeling of control over the device. 

 Superior utility or appearance 

Users develop strong attachments to products that provide them with 
pleasure due to their superior utility or appearance (Csikszentmihalyi & 
Halton, 1981; Richins, 1994). This implies that designers should make 
products that perform better and that are more beautiful. However, 
manufacturers often deliberately accelerate product lifecycles by 
introducing new features or technological improvements and by stimulating 
fashion changes. This planned obsolescence negatively affects the user’s 
attachment to the product and induces a replacement need. As a result of 
this mechanism, the experience of a strong person–product relationship is 
likely to be only temporary. Although a product’s function is more prone 
than its symbolism or material qualities to obsolescence in the presence of 
new technologies, a strongly single-purpose object is more likely to 
continue to endure if it has a strong sense of engagement, if it relates to the 
user’s personal history, if it can be used in a new way, or if it simply is 
perceived as being durable. 
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2.1.3 Reflection on Product Attachment Theories 

In previous studies, authors provide insights into how people relate to 
artifacts and how artifacts can become more meaningful. The limitation of 
these theoretical foundations is that they rarely present a practical design 
technique for designing a product. Thus, this study is intended to create a 
designerly method and technique of practice that will intensify the 
relationship between users and artifacts. 

Although the need for longer-lasting products is widely recognized, 
practical working methods are scarce, as are tools that facilitate the 
development and integration of emotionally durable characteristics within 
products. This may be a consequence of the apparently intangible and 
ethereal nature of considerations pertaining to psychological functions, 
which cause confusion for product designers tasked with developing 
products with greater emotional longevity. 

 

 

2.2 UNDERSTANDING TRACES AND PATINAS 

Inspired by this theoretical background related to product attachment, I 
focus on the concept of patina as a potential medium for product attachment. 
Then, what is a patina? Whether deliberate or unintentional, the material 
traces, such as cracks and scratches, that manifest as people interact with 
objects tell a story. For example, a wooden part of a musical instrument 
shows signs of wear, and its surface becomes smooth after its user touches 
it repeatedly. As the material trace becomes thicker and richer, the user 
sometimes considers the trace to be aesthetically pleasing. The trace can 

Figure 6. Example of Patina 
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also remind the user of past experiences. In this way, some objects acquire 
traces with varying attributions of value as they move through their life 
cycles. 

The term patina refers to accumulated material traces that represent the 
meaningful, valuable, and symbolic properties of the object (Figure 6). In 
particular, patina is a time-dependent painting material in the field of art 
(Krumbein, 2003; Zancheti et al., 2006). The process by which a patina 
forms is called patination, and a work of art coated by a patina is said to be 
patinated.  

In the literature, patinas are identified from both scientific and cultural 
perspectives (Zancheti et al., 2006). From the scientific perspective, it is 
common to define a patina as an expression of the passage of time that is 
created as a byproduct of a chemical process. Especially on metal, patina is 
generated as a coating of various chemical compounds (such as oxides, 
carbonates, sulfides, or sulfates) forms on the object’s surface during 
exposure to atmospheric elements (such as oxygen, water, acid rain, carbon 
dioxide, and sulfur-bearing compounds); a common example of this is rust 
forming on iron when exposed to oxygen. As a traditional way of using 
patinas, designers have utilized the tarnish produced by oxidation and other 
chemical processes. Nowadays, the term patina is used in a broader sense, 
referring to physically accumulated traces, such as a sheen and age-related 
wear. 

Patina is, however, not solely about these physical characteristics from the 
cultural and aesthetic perspective. While all material objects gather some 
visual signs due to use or aging, a patina only forms when the object and its 
trace reflect the emotional and cultural values defined by the surrounding 
culture, including the users. In the same vein, anthropologist Grant 
McCracken (McCracken, 1986) describes patina as one of the most 
meaningful ways of expressing class distinctions and controlling social 
mobility prior to the 19th century. In that era, an object with patina attracted 
attention over time to the object’s user; the patina was expressed in material 
traces such as discolorations, marks, dents, and signs of wear and tear. 
Eventually, patina became a powerful visual clue and symbol, marking both 
the object and owner with social status. Because a patina cannot be achieved 
over a short period but can appear as a result of daily vigorous use over 
several months or years, patinas are historically aligned with the passage of 
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time, with a patina acting as a representation of the object’s life cycle. Thus, 
patina was understood as a social and cultural symbol of a family or 
individual’s status within a high social class. 

Between the scientific and cultural perspectives and the fields of art and 
design, patina is understood as a design resource that denotes all the 
processes connected with the aging of surfaces in works of art and with an 
object’s improving aesthetic and emotional qualities. 

 

2.2.1 Characteristics of Patinas 

Considering that the concept of patina covers both material and immaterial 
characteristics, it is difficult to say that all material traces are considered to 
be patinas. Application of the term comes with limitations or preconditions 
that are closely related to the characteristics of a patina (McCracken, 1986): 

 The first characteristic of patina is that it is accumulated on a human-
made artifact. Considering where the traces are accumulated, the term 
is not relevant to natural objects, such as rocks eroded by waves. 

 The second characteristic refers to the cause of the traces. While a patina 
may be created by something other than human use, its meaning tends 
to refer to the accumulation of human trace use rather than to, for 
example, natural traces caused by the elements. 

 Third, a patina relies on use over time. Some objects may gather 
extensive patinas within a short period of time, and others may gather 
patinas slowly. In both cases, the patinated objects express how they 
have been used over time.  

 An additional qualification is related to the potential value of patina. 
The term patina tends to be selectively applied to materials or objects 
with already-high value attribution or value expectation. Designers and 
artists utilize patina with the expectation that the objects will continue 
to accrue value through the traces. 

Thus, I distinguish between a trace and a patina in this dissertation.  

 A trace is a series of marks left by the passage of a person or object, 
such as the scratches, fading, or wear that are common traces found in 
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everyday objects. Intentionally left marks such as memos are also 
considered traces. In this study, digital footprints or digital marks are 
included as traces. 

 Unlike a trace, a patina is described in the literature as an ideal state that 
improves an object’s emotional value. Thus, a patina is defined as an 
accumulated trace that people value emotionally.  

 Patination refers to a design technique that induces the accumulation of 
traces to improve an object’s aesthetic and emotional quality. In this 
dissertation, I define digital patination as a design technique that 
induces the accumulation of digitally generated traces to make 
emotionally enduring artifacts. 

 

 

2.2.2 The Value of Patinas in Art 

Designers have noticed several values of material traces and patination in 
artworks and analog products, especially antiques. The expected values of 
patination are classified as aesthetic appearance, historicity, authenticity, 
and uniqueness (Hiiop, 1998; Rosenstein, 1987). 

 Aesthetic appearance 

Apparently, a patina is valued for its aesthetic appearance. One advantage 
of the material traces formed with the patination technique is related to the 
objects’ improved visual and tactual qualities. Visually, the surface of an 
object becomes rich and aesthetic because patinas can formulate a variety 
of different hues, thus generating a warm feeling. The Statue of Liberty, an 
American icon of freedom, is an example of a patina used for aesthetic 
purposes. Patina also improves an object’s aesthetic quality in tactile ways. 
In particular, when people use a wooden object, its surface is hard and rough 
at first; however, as users touch it repeatedly, it becomes soft and smooth 
(Hiiop, 1998). It is known that this aesthetic effect occurs either by making 
objects simpler, as when wear smooths irregularities; accumulated traces 
can also soften original, sharp incongruities, or, more often, have the 
contrary effect of making aged objects more complex, as when stains, small 
chips, tiny cracks, or the disappearance of very minor parts creates 
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irregularities and asymmetries, which are (in their visual and tactile 
conditions) more interesting and stimulating to the imagination than 
uniform regularity (Rosenstein, 1987). 

 Historicity 

Another value associated with patina is historicity. Researchers have noted 
that patina documents a work of art’s passage through time and that it thus 
needs to be preserved (Brandi, 1996; Philippot, 1996). Patina becomes a 
peculiar modification of the object’s original form in which people 
recognize the duration of the object’s existence. This accumulation of traces 
makes people imagine the past. For example, one reason that people like 
antiques or old buildings is that these objects include the scars of experience 
and history. Thus, even in cases in which people are not able to appreciate 
the inherent values of a given object (e.g., when it is too damaged or has 
lost its artistic and aesthetic value), it is common to preserve it as a historical 
document. In this way, traces and patina can enrich artifacts’ historicity. 

 Authenticity and uniqueness 

Especially in art, another reason for accepting patinas is the value of 
authenticity. In the field of art, how would it be possible to prove that a work 
is authentic without patina? The authenticity is related to how the traces 
prove that the artist was in direct contact with the work (Hiiop, 1998). Due 
to this value, people accept alterations of the original material and even wish 
to keep these traces. The concept of authenticity makes us appreciate the 
alterations caused by aging and directs the decisions of conservators, who 
prefer to preserve faded originals rather than to transform them into 
beautiful, fresh-looking new works.  

In a broader sense, authenticity is also related to the idea of the 
uniqueness (Rognoli & Karana, 2013). The predominance of automation 
processes and quality controls have led to the almost total elimination of 
imperfections. The aesthetic model tied to perfection is dominant in every 
mass-produced artifact. Thus, most mass-produced artifacts look beautiful 
in the sense of being flawless, but these mass-produced objects look 
identical. However, patinas, traces, and time are fascinating elements that 
can create imperfections and defects in materials, resulting in unique objects 
that carry traces of living. Through the process of gathering patinas, objects 
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mature and can be differentiated. 

 

2.2.3 Previous Cases of Using Traces and Patinas  

How have designers used the concept of patina? To understand the existing 
strategies of patination, I explored how traces and patination have been used 
in art, product design, and architecture. Moreover, to extend the 
applicability of patinas to the digital domain, I gathered cases from HCI 
regarding the concept of patina and digital traces. 

 

2.2.3.1 Cases in Art and Product Design  

From the 18th century onward, patination has been used to make artifacts 
more valuable. Though the original concept of patination was restricted to 
the time-dependent darkening of paintings, today, the term is used in a 
broader sense; it denotes techniques for applying processes that age the 
surfaces of works of art and that accumulate changes in surface texture and 
color as a result of the normal use of an object. Nowadays, in the field of 
product design, designers intentionally utilize materials on the surface of 
objects to gather material traces as a patination technique. The way that the 
patina is used varies according to designer’s intentions and materials. 

 By utilizing a chemical process:  

In a traditional method of patination, designers utilized the tarnish produced 
by oxidation or other chemical processes. Especially on metallic materials, 
this type of patina is generated when a coating of various chemical 
compounds (such as oxides, carbonates, sulfides, or sulfates) forms on the 

Figure 7. Verderame (Fioravanti, 2009) 
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surface during exposure to atmospheric elements. Such chemical reactions 
have been applied broadly in artwork. The Verderame by Odo Fioravanti 
(Fioravanti, 2009) is an example of using chemical reactions to create 
patinas in product design (Figure 7). Verderame is a copper tile based on the 
idea of mutation. When it is set on the floor, it looks just like a normal 
copper tile, but in a couple of months, the oxidation process starts to change 
the color of the tile. Some parts of the tile are protected with a transparent 
film. The oxidation causes a hidden texture to appear, revealing the typical 
things that people might find on a floor: a pen, a shoelace, and a running 
bug. 

 By gathering stains on a surface: 

Another way of applying a patina is through gathering stains (Figure 8). In 
this approach, an object is made of materials that gather stains easily so that 
the stains grow on the surface. The Tyndall Table designed by Thomas 
Fougere (Fougere, 2012) is one example. The top is planed smooth, 
allowing the material to retain its unique character. Casual wear slowly 
degrades the stone top, exposing fossil fragments and revealing layers of 
stories embedded within the material. Over time, the accumulation of 
puddled water marks may meld into the material’s already varied past, 
creating a nostalgic condition. Similarly, Underfull by Kristine Bjaadal 
(Bjaadal, 2009) challenges the user’s preoccupation with new, untarnished 
items by revealing the product’s beauty as it is used and abused. Underfull 
is a tablecloth with a traditional appearance that reveals a hidden pattern 
when a spill occurs. The bond between user and product is built up over 
time as permanent stains cast shadows over the tablecloth: a reflection and 
memory of all those who have used it. 

Figure 8. Underfull (Bjaadal, 2009)  
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 By allowing rubbing off or cracks: 

In some cases, objects are made to be rubbed off or cracked (Figure 9). The 
Gold Wedding Ring by Torafu Architects (“Gold Wedding Ring,” 2012) 
utilizes rubbing. While the ring is used, the thin exterior coat of silver 
plating rubs away to reveal a gold band underneath. The ring band actively 
portrays the time shared between two people, displaying this passage of 
time through the patina. Another example, Broken White, explores the 
processes of time-based transformation through cracking (Heijdens, 2004). 
These smooth plates, cups, and bowls develop tiny cracks that slowly reveal 
intricate floral patterns as they facilitate the consumption of food and drink 
over years of use. 

 

2.2.3.2 Cases in the Digital Domain 

In the section above, I analyzed patination examples from product design 
and art. The notion of patina that exists in the digital realm is unlike that of 
the art domain. One remarkable difference in the digital domain is that 
digital traces rather than material traces are the main design elements. In 
this chapter, I analyze existing cases related to patina in the HCI area to 
expand the concept of patina and supplement current patination by using 
digital technologies. As shown in Table 2, I have analyzed 20 cases that use 
traces or patinas as key design components. 

Figure 9. Patination by Allowing Rubbing Off or Cracks: (a) Gold 
Wedding Ring (Torafu Architects, 2012), (b) Broken White (Heijdens, 

2004) 
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Design 
Case 

How Digital Trace Is Used Impacts of  
Digital Traces This System Records How Traces Are Utilized 

Footprints 
(Wexelblat 

& Maes, 
1999) 

A user’s path and 
navigation history 
while using web 

According to the trace of 
navigation in web pages, 
diverse form (map, paths, 
annotations, signposts) are 

made. 

Utilitarian value 
(improving 
navigation) 

Passages 
through 

time 
(Gyllstrom, 

2009) 

A user’s activity with 
several texts (when 
and what they read) 

According to the trace of 
reading activity, detailed 

explanation with text 
information is given. 

Utilitarian value 
(information 

retrieval) 

Progressor 
(Hsiao et 
al., 2012) 

A user’s progress 
records in e-learning 

web 

According to the trace of a 
user’s progress, diagram that 

shows comparison with others 
are made. 

Utilitarian value 
/ Social value 

(giving 
motivation to 

students) 

YeTi 
(Yamada et 
al., 2004) 

A group of users’ 
activity in YeTi 

When new contents are 
updated, detailed explanation 

with text information are given 
to a group of users. 

Utilitarian value 
/ Social value 
(community 

building) 

Deep Diffs 
(Shannon et 

al., 2010) 

Edited parts in 
documents and users’ 

editing operations 

According to the trace related 
to editing, color of background 

changes. 

Utilitarian value 
(giving 

information 
about editing) 

Dirty 
Desktops 
(Hurst et 
al., 2007) 

Positions where users 
click on GUI and 

number of clicks at 
the position 

According to the trace of 
clicking, graphical trace and 
pseudo magnetic force are 

generated. 

Utilitarian value 
(improving 
usability) 

Edit Wear 
(Hill et al., 

1992) 

Edited part of 
documents, duration 
of editing and ID of 

users 

According to the trace of 
editing, graphical trace 
expressed like wear is 

generated in the scrollbar of 
word processor. 

Utilitarian value 
(supporting 

collaborative 
work) 

Read Wear 
(Hill et al., 

1992) 

Read parts of 
documents, duration 

of reading, ID of 
users 

According to the trace of 
reading, graphical trace 
expressed like wear is 

generated in the scrollbar of 
word processor. 

Utilitarian value 
(supporting 

collaborative 
work) 

EyePrint 
(Ohno, 
2004) 

A user’s eye gaze 
trace and main 

keyword when using 
document 

According to the trace of eye 
gaze and keyword, color 
behind words changes in 

document 

Utilitarian value 
(support the 
browsing of 
document) 

PatinaMap 
(Schütte, 

1998) 

A user’s activity in 
the map (path, mouse 

event, time, added 
text) 

According to the trace of a 
user’s activity in the map, 
graphical trace (filtered as 
color, hue, saturation) are 

generated and sound volume 

Emotional value 
/ Social value 

(co-ownership, 
sharing 

experience) 
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Table 2. Cases that Utilize Traces in the Digital Domain 

I referred to information from published proceedings and articles, including 
images and videos of systems in use when available. Using qualitative 
means (e.g., categorizing, grouping, and abstracting the information; 

changes. 
Live web 
stationery 
(Seligman 
& Bugaj, 

1997) 

A group of users’ 
activity in webpage 

According to the trace of web 
activity, metaphoric forms such 

as smudges, rips, stains, and 
fading are shown in the 

background of the webpage. 

Emotional value 
/ Social value 

Visit Wear 
(Skopik & 
Gutwin, 

2005) 

User’s activity in the 
digital work space 

According to traces of user’s 
activity in the digital work 

space, the system’s interface is 
distorted with a fisheye view. 

Utilitarian value 
(supporting 

special memory) 

Burning the 
Candle at 
Both Ends 
(Schütte, 

1998) 

A group of users’ 
activity in a web 

community 

According to the digital trace, 
hot wax is dropped on the 

physical disc. 

Emotional value 
/ Social value 

History 
Tablecloth 
(Gaver et 
al., 2006) 

Positions of objects 
on an interactive 

tablecloth 

According to the position, halo 
at certain position and duration 

is represented. 
Emotional value 

Touch 
Memory 

(Berzowska
, 2005) 

Physical touches by 
others 

According to the trace, 
brightness of LED and its 

duration, and color change. 

Emotional value 
/ Social value 

Pure Play 
(Berzowska

, 2005) 
A user’s temperature 

According to the trace of a 
user’s temperature, brightness 
of LED in the garment and its 

duration changes. 

Emotional value 
/ Social value 

Intimate 
Memory 

(Berzowska
, 2005) 

Acts of physical 
intimacy and duration 

According to the trace, LEDs 
in the garment turn on. 

Emotional value 
/ Social value 

Spyn 
(Rosner & 

Ryokai, 
2010) 

Added media by a 
user (text, image, 

location tag) 

Using Spyn App, diverse forms 
such as text, images, and 

location map can be connected 
to certain position of knit. 

Emotional value 
/ Social value 

Carolan 
Guitar 

(Benford et 
al., 2015) 

Selected media by a 
user (text, image, 

location tag) 

Using mobile App, diverse 
media can be connected to 

certain patterns on the guitar. 

Emotional value 
/ Social value 

Chiocciola 
(Giaccardi 
et al., 2014) 

Digital photos added 
by users 

Users can access digital photos 
through physically engraved 

QR-code on a table. 

Emotional value 
/ Social value 
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Rogers et al., 2011), the cases were analyzed according to how traces had 
positive impacts on designed systems and what the expected impacts of the 
traces were. The methods of using traces and patinas are classified below: 

 By forming metaphorical patina in a graphical user interface (GUI): 

Another common way of using digital traces is to collect digital traces and 
use them to form graphical patinas inside the system. The reasons for 
creating graphical patinas relate to usability issues. Edit Wear and Read 
Wear are representative examples; they show the utilitarian effects of traces 
and patinas, which are used to support joint working performances (Hill, 
Hollan, Wroblewski, & McCandless, 1992) (Figure 10). These systems 
record how a group of colleagues edit and read a document. They depict 
digital traces using graphical patinas that give hints about which parts of the 
document are controversial and which need further discussion. Similar 
approaches are restricted, however, to particular applications that rely 
heavily on graphical interfaces. Nevertheless, they are able to show that 
graphical augmentation obtained through a patina can be used to help users 
more effectively navigate changes and engage in distributed collaborative 
efforts. 

 By forming metaphorical patinas on the surface of physical objects: 

This use is similar to the previous one in that the digital traces are visualized 
in an ambient way. However, the cases in this type metaphorically visualize 
patinas in physical objects by using interactive actuators. The History 

Figure 10. Edit Wear (Hill et al., 1992) 
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Tablecloth is a flexible substrate that is screen-printed with 
electroluminescent material, forming a grid of lace-like elements (W. Gaver 
et al., 2006) (Figure 11). When objects are left on the table, the cells beneath 
them light up to form a halo that grows over a period of hours, highlighting 
the history of the objects on the table. Because the representation is abstract 
and ambient, such systems are mainly related to emotional values rather 
than utilitarian values. Unlike natural patinas in a product, this 
representation is not permanent. 

 By allowing users to attach digital traces to physical objects: 

In some cases, digital systems allow people to attach digital traces (e.g., 
audiovisual media, text, and geographic data) to physical objects. For 
example, Spyn (Rosner & Ryokai, 2010) is mobile-phone software that 
associates the digital traces that users leave with locations on fabric (Figure 
12). While people knit a sweater, they can leave behind digital traces using 
Spyn that are associated with the fabric. A digital trace, when associated 

Figure 11. History Tablecloth (Gaver et al., 2006) 

Figure 12. Spyn (Rosner & Ryokai, 2010) 



34 

with a tangible material such as a knit fabric, enhances recipients’ 
appreciation of the process and of the production of crafts. Since the 
accumulated traces symbolize effort and time, recipients may regard the 
garment as being more meaningful. Similarly, Broken Probes (Ikemiya & 
Rosner, 2014) and Chiocciola (Giaccardi, Karana, Robbins, & D’Olivo, 
2014) use material traces such as cracks as mediums for connecting digital 
traces. 

 

 

2.3 REFLECTION ON DESIGN CASES USING 
PATINAS FOR PRODUCT ATTACHMENT 

 

Table 3. Previous Strategies by Using Material and Digital Traces 

In the above section, I analyzed the general ways of using patinas in the 
fields of art, product design, and HCI (Table 3). Considering the potential 
for product attachment, the materials for product designs, and the 
production mechanism, the following questions are appropriate. Are the 
current patination techniques effective and suitable for general product 
design? Will it be possible to improve current patination methods using 

 Aesthetic 
Appearance Historicity Authenticity Functionality 

A
nalog A

rtifact 

Material 
Trace 

By utilizing a chemical process 
By gathering stains on surface 

By allowing rubbing off or cracks: 
- 

Digital 
Trace  By allowing users to attaching 

digital traces to physical objects - 

D
igital D

evice 
Material 

Trace - - 

Digital 
Trace 

By forming 
metaphoric patina 
in the surface of 
physical objects 

By allowing users to attaching 
digital traces to physical objects 

By providing 
information 

directly 

D
igital C

ontent 

Material 
Trace -  

Digital 
Trace 

By forming metaphoric patina in 
GUI:  

By providing 
information 

directly 
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digital technologies? Moreover, will patination be useful for product 
attachment? Likewise, there are some issues to be identified further 
regarding the forms, purposes, and impacts of patinas. 

 Need for explorations of diverse forms of patinas 

In the art and product design domains, several design cases show that 
patinas are used at products’ surface levels. In particular, products’ surfaces 
mature by maintaining or improving certain qualities as others qualities 
degrade. The term maturity is usually used for products with natural 
materials, such as stone, paper, wood, and leather, as these can acquire 
scents, colors, and textures over the years. However, mass-produced 
products are generally made with artificial materials that have perfect 
surface qualities, such as uniformity, flatness, and glossiness. These 
materials are generally devoid of defects. From this perspective, the current 
method of patination may not be properly applied in the design of everyday, 
mass-produced products. Moreover, the process of trace accumulation is 
irregular and uncontrollable. Although uncontrollable characteristics may 
present unexpected pleasures and aesthetics, it is difficult to secure a 
constant level of aesthetic appearance for a product with such characteristics. 

In the digital realm, digital traces are visualized by using natural patinas as 
a metaphor. In software, colors or shapes in GUI are automatically changed 
according to users’ digital activities. When it comes to objects with a 
physical form, patinas are mimicked with interactive actuators. Compared 
with natural patinas of antiques, these metaphorically mimicked patinas in 
the digital domain are more temporary, so they may not provide similar 
impacts. To supplement current patination techniques regarding patina 
forms, further exploration of new materials and patination mechanisms will 
be necessary; this can be done by combining digital technologies. Moreover, 
further study can be conducted on how to express the characteristics of 
natural patinas. 

 Need for using patinas regarding a product’s values 

Will current patination contribute to improve user-product relationship? In 
terms of the impacts traces and patinas, the collected cases show that patinas 
can be appreciated for their social and emotional resonance in addition to 
their pragmatic goals. However, particularly in the digital domain, several 
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cases have focused on increasing utilitarian values, such as increasing user 
efficiency or providing useful information. Thus, patination in digital 
artifacts has been mainly discussed from the perspective of information 
visualization. As explained already, patinas can enhance the aesthetic, 
historic, and authentic values of an object. Considering the values of patina 
and previous cases in digital domain, further research is necessary to 
investigate whether patinas in digital artifacts also enhance the objects’ 
emotional quality in the long term. Moreover, it is still necessary to 
investigate how to create such diverse values using specific elements of 
material traces and digital traces and to examine which elements are most 
influential. 

 Need for investigation in the context of product use in the wild 

In their previous studies, researchers rarely investigated how people 
perceive traces, how they evaluate traces’ impacts, or how people’s 
experiences with a product change over the long term in an everyday 
context. Especially, as the purpose of using traces and patina have focused 
on increasing utilitarian values in digital domain, the investigation was 
focusing on whether the patinas was effective to give information to users 
or support workflow by conducting experiments in the lab environment 
except a few cases. 

Because it is expected that users’ attachment to a product may be 
constructed over time, long-term evaluation may show how users feel an 
emotional bond to a product and how the relationship changes. Also, 
because a product will be used in the wild context where a product is shown 
to others and it is considered as a means of personal identity, aesthetics, and 
social communication, further investigation in the general context of 
product use is important to discover unexpected problems and impacts when 
patination is applied beyond the laboratory context.  

 
 
2.4 SUMMARY 

Many disciplines have investigated that the products people possess 
embody goals, create skills, and shape the identities of their users. While 
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using a product, people develop attachments to products that convey special 
meanings to them. According to several design researchers’ studies, it is 
commonly discussed that personalized products, material qualities that age 
with dignity, personal memories, engaging product use, and superior utility 
or appearance may enhance the relationship between a user and a product. 
Inspired by this theoretical background related to product attachment and 
the attachment strategies that are mostly time-dependent, I investigated the 
concept of patina as a potential medium for enhancing product attachment. 
Artists and designers have noticed several impacts of patina on aesthetic 
appearance, historicity, authenticity, and uniqueness of an object. However, 
according to the analysis on the general ways of using patinas in the fields 
of product design and HCI, I found that the use of patinas for product 
attachments was rarely studied and I could confirm the need for 
explorations of diverse forms of patinas. 
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Chapter 3. Impacts of Traces in Everyday 
Objects 

 

Focus of this chapter 

The previous chapters describe theories on product attachment, patina 
values, and patination cases in the design and HCI domains. In particular, 
the previous design cases showed how patina has been used. Despite such 
previous trials, designers and researchers have rarely explained how people 
perceive traces and evaluate their impacts in the everyday context. 
Accordingly, it is difficult to predict the impacts of patina on the user–
product relationship.  

In this chapter, I aim to investigate the impact of traces in the everyday 
context, including why people consider some traces valuable while hating 
other traces. To analyze the impacts of patinas, I conducted interviews about 
participants’ past experiences with analog artifacts, digital devices, and 
digital content. The results identify the kinds of material and digital traces 
that are accumulated; the positive and negative impacts of the traces; and 
the functional, aesthetic, historic, and authentic values of artifacts. Based 
on the study results, I reflect on what kinds of factors affect people’s 
evaluations of traces and discuss design opportunities. 

 

 

3.1 TRACES OF ANALOG ARTIFACTS, DIGITAL 
DEVICES, AND DIGITAL CONTENT 

Patina has been appreciated as a design source in artwork. However, it is 
difficult to predict a patina’s impact because designers and researchers have 
rarely evaluated this impact in the everyday context. For this reason, it is 
necessary to study whether people consider traces valuable in everyday 
objects. Moreover, to apply patination to artwork and other everyday 
products using digital technologies, I tried to investigate whether people 
feel similarly about material and digital traces in digital artifacts. 
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Table 4. Comparison of Analog Objects, Digital Devices,  
and Digital Contents 

Besides analog objects such as works of art or antiques, people today 
possess many digital artifacts, including digital devices and digital content 
(Table 4). Digital devices such as mobile phones or laptops contain circuits 
that operate using digital signals. They have a physical form (like analog 
artifacts) and are able to receive, store, or send digital signals. Digital 
content is stored as digital data, as in a digital photo or a movie file. Recently, 
digital content has frequently been used within a software system without a 
physical forms (such as a CD or a tape). From the perspective of traces, 
analog artifacts only gather material traces, but due to the nature of digital 
artifacts, digital devices and content can generate digital traces (also known 
as digital footprints). Do people consider material or digital traces in digital 
artifacts emotionally valuable?  

Thus, I conducted interviews and gathered general people’s stories the 
impacts of traces on their possessions. From this process, I could compare 
and study the impacts of material and digital traces in analog artifacts, 
digital devices, and digital content. 

 

3.2 METHOD 
3.2.1 Participants and Study Process 

I recruited 22 participants (12 males and 10 females, including 4 couples) 
using online advertisements. The participants came from a variety of 
backgrounds and occupations (e.g., patent lawyer, programmer, translator, 
housewife, and designer). My participants were limited to ages 20 through 

 Form Possibility of Digital 
Processing Examples 

Analog 
Artifact Physical Form None Cookware, musical 

instrument etc. 

Digital 
Device Physical Form 

Able to receive, store, or send 
digital info. / Can generate 

digital traces 

Mobile phone, laptop, 
mp3 player 

Digital 
Content 

Hybrid Form 
(Accessible inside 
Digital Devices) 

Exist in the form of digital data 
/ Can generate digital traces 

Music file, digital 
photo, movie file 
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35. The first reason for this constraint was because those in early adulthood 
are engaged in a process that is heavily associated with the consumption of 
analog and digital artifacts (Erikson, 1994). Additionally, these people have 
experienced the rise of digital technologies and services over their lifetimes. 
I expected that the participant group would provide more insights associated 
with traces of analog and digital artifacts. 

For my research methods, I chose a guided tour and a semi-structured 
interview (Figure 13) (D. S. Kirk & Sellen, 2010). As I assumed that 
everyone would have artifacts with values that have increased in 
relationship to traces in his or her house, I arranged for each participant to 
give us a guided tour of his or her home. I first asked the participants to 
show any artifacts in their houses that they considered precious and that 
they have used for a long time. To investigate diverse cases of traces—not 
only for analog artifacts but also for digital artifacts—I asked participants 
to give us a tour of their digital artifacts, including digital devices and digital 
content files kept in digital environments (e.g., on a PC, mobile phone, or 
Web account). 

After the tour, I continued with semi-structured interviews aimed at 
developing an understanding of the details of traces in the analog artifacts, 
digital devices, and digital content. Participants spontaneously chose one to 
three artifacts from each artifact type and offered accounts of what the 
artifacts were, telling their stories and their associations with traces. They 
were asked to give more detail about, first, the kinds of traces that were 
generated in the artifacts, and second, the impacts of the traces on the 
artifacts’ values. For digital devices, I asked about both material traces and 
digital traces. The interview lasted an hour. 

Figure 13. Guided Tour and Interview 
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3.2.2 Analysis 

 Number of 
Stories Examples of Collected Items 

Analog 
Artifact 76 

Cooking utensils (coffee), musical instruments (guitar, 
violin), sport instruments (baseball glove, soccer shoes), 

furniture, books, beddings, clothes 
Digital  
Device 23 Laptop, iPod, digital camera, game console, TV, mobile 

phone, music player 

Digital 
Content 26 

Digital photo, movie file, social media account, music 
album, e-book file, game character, user-created content 

file 

Table 5. Type of Collected Items 

An audio record was kept of all conversations; this, along with the photo 
record of items in homes, was used as the primary source of evidence in the 
analysis. From the interview data and the photo record, I was able to classify 
the types of traces and their impacts on improving artifacts’ values. In total, 
I gathered 125 stories with traces (Table 5): 76 about analog artifacts, 23 
about digital devices, and 26 about digital content. 

The interview data were iteratively analyzed three times, with an interval of 
at least two days between the analysis sessions to enhance validity. My 
research team of three design researchers analyzed the transcribed data 
using three previously identified categories of emotional values of patinas 
as codes—aesthetic, historic, and authentic (Hiiop, 1998; Rosenstein, 1987). 
I employed an inductive, open coding process to classify relevant items into 
emerging categories when they did not fit into one of the given three 
categories. Finally, I added a functional value as a new category to extend 
the existing categories. I refer to each participant by her or his gender and 
participant number. For example, F1 stands for female 1. CM2 stands for 
the male (husband) of couple 2. 

 

3.3 FINDINGS 
In the following, I explain what kinds of material and digital traces 
participants mentioned regarding analog and digital artifacts and how these 
traces affect the artifacts’ emotional and functional values. I provide several 
examples taken from field observations. Overall, the impacts of material 
traces on analog artifacts were similar to the patinas of old artworks. For the 
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digital devices, participants mentioned that the material traces hampered 
their original aesthetic appearances and rarely affected their historic and 
authentic values. Regarding the digital devices and digital content, I 
observed that systems frequently used digital traces to provide convenience 
to users. 

 

3.3.1 Material Traces of Analog Artifacts 

3.3.1.1 Examples of Traces of Analog Artifacts 

The participants mentioned their analog artifacts, such as cooking utensils, 
musical instruments, sports instruments, furniture, books, bedding, clothes, 
and a wallet (Figure 14). Most traces of analog artifacts were similar to the 
patinas of old artworks. Fading colors, scratches, abrasions, and smells 
corresponded to traces of analog artifacts. These kinds of material traces 
were usually generated in the process of using the artifact and were caused 
by both the users and the environment. For instance, CM1 described the 
trace of his six-year-old wallet. Although he got a new wallet a few months 
ago, he preferred the old one due to its textural quality, which had improved 
with age. He said the wallet’s texture had become softer than it was when 
he bought it. 

Participants also mentioned that they sometimes left traces with intention. 
M8’s books, which he had read while he was at university, illustrate this. 
The books contained traces in the form of scratches on the covers, tears on 
the pages, and smells. Besides the naturally made traces, the books had dog-
eared pages and written memos. Dog-eared pages represented intentionally 
created markers placed in the books so that M8 could return to a certain 
page in the future. In this way, users can leave informative traces on artifacts 
to record the procedure of the user experience or to store useful information. 

Figure 14. Examples of Analog Artifacts (M5’s soccer shoes and tennis 
racket, M8’s book) 
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3.3.1.2 Impacts of Traces on Analog Artifacts 

In this study, I found both positive and negative impacts of material traces 
on analog artifacts. Mostly, the positive values were similar those of 
patinated artwork. One of differences was that the traces can affect the 
artifacts’ functionality. 

 About aesthetic value 

Material traces can make an object more aesthetic in both visual and tactile 
ways. This effect coincides with how artists intentionally use traces and 
patina. For example, CM1 mentioned that his leather wallet had become 
softer, so he considered his old wallet more precious than his new one. 
Participants told stories about several objects made of natural materials, 
such as wood, which, through the process of aging, acquired aesthetic value. 
F7’s wooden table, for example, became more valuable and aesthetically 
pleasing when it had been used overt time. Some participants (such as F7 
and CM1) stated that those aged products created warm feelings and antique 
beauty. 

At the same time, material traces seemed to be considered unaesthetic for 
artifacts made of artificial material. Participants stated that such analog 
artifacts lost their original aesthetic quality due to the traces. Though some 
products that were made of natural material, such as leather, wood, or stone, 
were less likely to get damaged, these traces damaged the aesthetic 
appearances of products made of artificial materials (e.g., plastic and 
stainless steel). 

 About historical value 

Because material traces were created through a process of learning, using, 
and managing the artifacts, participants mentioned that they were able to 
recall their past experiences related to the artifacts, recognizing the material 
traces as a channel for recollection. In particular, patinas of artwork mainly 
provided historical values related to the artists or designers, and participants 
described that material traces in products reminded them of their personal 
experiences with the products. M4 described his old baseball glove and told 
us that worn traces on the glove reminded him of the time and effort that he 
had spent in the activity. M8 even mentioned that he wanted to hand in his 
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book, which showed his past efforts to his child: “I have collected 
workbooks that I studied to enter the university. Since the traces symbolize 
my efforts and time, I could not throw them away. I will show them to my 
future children.” Moreover, such traces were important factors that could 
cause a general artifact to be treasured as an heirloom. CF4 described a chair 
made by her mother: “It is the chair that my mother made by herself. I have 
used it since childhood. The traces on it show the long histories with my 
family members. I want to keep it as a family heirloom.”  

 About authentic value 

During interviews about participants’ possessions, I observed that their 
analog artifacts became visually unique through accumulated traces. 
Though most analog artifacts are mass-produced, as in the cases of CM1’s 
wallet and M1’s blue jeans, they became visually distinctive by virtue of 
material traces. 

 About functional value 

From the utilitarian perspective, material traces sometimes improve the 
functionality of analog artifacts. I found that several artifacts had changed 
physically in the process of interacting with users or the environment. 
Participants mentioned that their artifacts felt uncomfortable at first. 
Throughout the process of using them, these artifacts began to fit the users 
better by virtue of material traces. For instance, M5’s soccer shoes did not 
fit right to begin with, but the leather of the shoes gradually stretched, and 
he eventually felt comfortable wearing them. Additionally, F5 mentioned 
that she had played her violin since middle school. She said that the fiddle 
bow and fiddle stick became smooth, which made drawing the bow against 
the strings easier. She also said that her violin made clearer sounds than 
before. In these instances, artifacts were modified naturally with the help of 
accumulated traces. The intentionally left traces can also provide useful 
information. M8 and CM2 mentioned dog-eared pages or highlighted lines 
of books. At the same time, several participants considered some traces to 
be causing deterioration. 
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3.3.2 Material and Digital Traces of Digital Devices 

3.3.2.1 Examples of Traces of Digital Devices 

In the case of digital devices, I observed material traces, such as scratches 
and abrasions, mostly around the hardware user interfaces of the digital 
devices or on their back sides (Figure 15). In the case of M7’s CD player, I 
observed several scratches around the physical user interface. As this part 
was touched repeatedly, the color layer was peeling off. Additionally, none 
of participants intentionally left material traces on digital devices (such as 
an engraving of a name or a drawing). Aside from material traces, several 
digital devices had informative digital traces that were created automatically. 
During the interviews, participants (e.g., CM3, F1, and M1) mentioned the 
recent call logs of their mobile phones and the playlists of their music 
devices. 

 

3.3.2.2 Impacts of Traces on Digital Devices 

 About aesthetic value 

Participants were less tolerant of material traces on digital devices. Thus, it 
was difficult to find digital devices that were considered more aesthetic with 
material traces: “I have used this CD player from my middle school. Though 
I carefully used it, the paint near the buttons was rubbed off and there are 
lots of scratches on the body” (M7). The material traces were easily 
accumulated near PUIs. Regarding these changes, participants considered 
the original aesthetic state of devices to be ruined. Unlike for analog 
artifacts, participants tended to avoid material traces on digital devices 
desperately—even using additional covers. 

Figure 15. Examples of Digital Devices (F4’s mobile phone, M7’s CD 
player, and M1’s mobile phone) 
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 About historical value 

Since digital devices are mainly used by individual users, and since material 
traces are avoided, it was rare for participants to connect accumulated 
material traces with other people or with meaningful events. Instead, digital 
traces such as music playlists or activity logs, made users think of past 
experiences. F2 described digital traces in her mobile phone application: 
“This application (Nike Running) tracks my progress. I feel proud of myself 
when I look at what I achieved and it motivated me.”  

 About authentic value 

In this study, I could not find a case in which traces enhanced the authentic 
value of digital devices. However, I confirmed the need for uniqueness in 
terms of how participants decorate their devices, such as by using additional 
stickers and covers. F6 mentioned that she decorated her smart phone with 
a sticker because she wanted to make her phone different. Meanwhile, 
because digital traces were not exposed, digital traces rarely affected the 
authenticity of the digital devices. 

 About functional value 

In general, the material traces of the digital devices had a negative influence 
on their functional qualities. For instance, F4 mentioned that traces near PUI 
made control of the device difficult: “The home button of my phone became 
loose after using it one year. So it does not work well.” For some digital 
devices, scratches or cracks on the displays severely disrupted use of the 
devices. Because most user experiences happen using the display and a few 
buttons, even small material traces were considered negative. On the other 
hand, the digitally created traces were used to improve functionality in the 
digital devices’ software. For instance, they were used to make shortcuts 
and quick lists (e.g., the call log in M1’s mobile phone). 

 

3.3.3 Digital Traces of Digital Content 

3.3.3.1 Examples of Traces of Digital Content 

Digitally generated traces of digital content are usually generated as 
metadata inside service systems. In the case of digital photos (e.g., M4’s 
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photo in Figure 16), several digital traces were automatically made, such as 
the time and date of an edit and the name of the person who edited it. On 
the other hand, there were some instances of people adding or editing digital 
traces. Several participants described the importance of digital traces that 
they intentionally made on digital content (e.g., digital documents and 
photos). CM1 stated that he highlighted the important sentences in yellow 
and left several comments as he read digital documents: “I have gathered 
PDF files as references for my research. When I read them, I leave notes 
and highlights by using Adobe Reader. The files with digital traces that 
show my history are more precious than other files.” 

 

3.3.3.2 Impacts of Traces on Digital Content Systems 

 About aesthetic value 

Because digital traces of digital content are kept invisible or usually used 
for utilitarian purposes, there were no examples that related to aesthetics. 
Unlike the material traces of artworks, the digital traces were only shown 
as text and numbers, which are far from increasing the content’s aesthetic 
value. 

 About historic value 

In analog artifacts, material traces are accumulated through the passage of 
time. On the contrary, participants frequently mentioned that digital content, 
such as music or movie files, did not contain historic values because their 
digital traces can be easily updated or may not be accumulated. For this 
reason, M3 stated that he preferred physical books to digital documents 
because physical books keep traces that show his efforts. Likewise, when 
the digital traces of using digital content were not saved, participants could 

Figure 16. Examples of Digital Content (F3’s and M4’s digital photo 
album, M3’s collection of work files) 
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not feel historic value from that digital content. 

 About authentic value 

During the interviews, I observed that the authentic value of digital content 
was increased by digital traces. Discussions with CF1 and CM1 also 
illustrated the authentic value of traces in digital content: “We select and 
rate good pictures after a trip. In this software, we can rate from 0 to 5 stars 
according to the opinion. This process is fun to do together. Compared to 
unrated pictures, rated pictures become more precious and unique for us.” 
CM3 mentioned that, while he usually reads PDF documents, he highlights 
important sentences or leaves comments about them. Thought it is possible 
to download the same PDF documents online, he stated that he wanted to 
only keep the documents that he had used. 

 About functional value 

Unlike analog artifacts, digital devices and content systems take advantage 
of digital traces such as metadata to provide convenience to users. CM3 
illustrated this, as he often uses his mobile phone for listening to music: “I 
can read recent music lists in the phone. Though they do not have a 
significant influence on usability, I use them sometimes as a shortcut or as 
useful information sources for recalling something.” 

 

 

3.4 REFLECTION AND ISSUES TO BE IDENTIFIED 
In the ordinary context of using personal artifacts, I confirmed users’ needs, 
the negative impacts of traces, and the positive impacts of patinas in terms 
of aesthetics, historicity, and uniqueness (Table 6). The impacts of traces 
were different among the analog artifacts, digital devices and digital 
contents. In the following, I reflect on what kinds of factors affect people’s 
evaluations of material and digital traces. Based on this reflection, design 
opportunities for each factor are discussed. 
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Table 6. Impacts of Traces on Emotional and Functional Values 

 Uncontrollable forms of material traces and invisible digital traces 

While material traces in artwork mature, participants often consider 
material traces to degrade the original aesthetic and functional quality of a 
product. In most cases of analog and digital products, the products are 
originally mass-produced with flawless, smooth surfaces. Due to the 
characteristics of artificial materials, material traces are accumulated in a 
way that the original aesthetic states of the products are ruined. Participants 
also expressed negative opinions because material traces frequently caused 

 Emotional Impact Functional Impact 

Aesthetic 
Appearance 

Historicity Authenticity 

A
nalog A

rtifact 

(-) Material traces 
degrade original 

appearances. 
- - (-) Material traces 

cause breakdown. 

(+) Material traces 
mature by improving 

visual & tactile 
aesthetics. (ex. 
leather wallet, 
wooden table) 

(+) Material traces 
help owners recall 
pasts. (ex. baseball 

glove, book) 

(+) Objects become 
distinctive visually. 
(ex. leather wallet) 

(+) Material traces 
make comfortable fit 
& give information 
(ex. soccer shoes, 

book) 

D
igital D

evice 

(-) Material traces 
degrade original 
appearances. (ex. 
scratches in CD 

players) 

- 

(!) Users want to 
personalize device 

physically. (ex. 
mobile phone 

covers) 

(-) Material traces 
cause breakdown. 

(ex. physical buttons 
and display) 

- 

(+) Digital traces 
remind users of past 

experiences & 
achievements. (ex. 
running app, music 

list in mobile 
phones) 

- 

(+) Digital traces are 
used for efficiency & 
information. (ex. call 
log in mobile phones) 

D
igital C

ontent 

- 

(!) Digital traces of 
digital content are 
not archived for 

users’ history. (ex. e-
book file VS 

physical book) 

- - 

- - 

(+) Personal digital 
traces can be added. 
(ex. comment’s in 
PDF, photo files) 

(+) Digital traces are 
used for efficiency & 

information. (ex. 
recent music list) 

 

* (-) Negative Impact, (+) Positive Impact, (!) User Need 
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breakdowns. 

Digital traces can contain detailed and rich information, which can enrich 
users’ reflections on their past in a way that material traces cannot do. 
However, because digital traces are hidden in general, it is difficult for 
people to check these histories. For this reason, digital devices and content 
rarely gather emotional value from digital traces. 

Opportunity — Considering the latent values of digital traces, which can 
explain details of past histories in digital devices and the emotional values 
of material traces, it is beneficial to explore materials and techniques that 
construct meaningful shape to the digital and material traces. One of 
possible ways might be to physically materialize the digital traces using data 
visualization and digital fabrication. Although material traces in digital 
devices have rarely been studied, it is possible to generate meaningful 
material traces on digital devices if those material traces are generated 
according to the devices’ digital traces. By exploring diverse materials, data 
visualizations, and fabrication technology, it is possible to generate 
meaningfully shaped material traces that deliver rich information by 
physically visualizing digital traces. 

 Lack of information in material traces and digital traces 

Because the function and operation of analog artifacts are relatively simple 
and typically dedicated to specific purposes, the material traces that are 
generated while using the artifacts may be informative enough to remind 
users of their past experiences. For example, M6 could look back on his past 
experience of playing baseball when he looked at the wear on his baseball 
glove. From this perspective, current digital devices do not collect 
meaningful material traces that remind users of their pasts. For instance, 
though the wear around the play button of M7’s CD player shows how much 
the user likes listening to music, it is difficult to guess from this trace any 
meaningful information, such as his favorite song, when the device was 
used, or what kind of genre he often listened to. Likewise, even if a digital 
device gathers material traces similar to those of an analog artifact, when 
compared to the complex functions that the devices provides, material 
traces around interfaces are not informative enough to remind users of past 
memories. Several participants mentioned that digital traces provide richer 
information than material traces. From this result, I confirmed the potential 
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of using digital traces to enhance product attachment.  

Opportunity — In the digital domain, digital traces can be diversified by 
using diverse sensors and logging mechanisms. For instance, digital traces 
that sense biological signals such as pulses, breathing patterns, or body heat 
can reflect people’s emotional changes (Detenber, Simons, & Bennett, 
1998). If music devices or service systems can then be designed to show 
users’ histories, such as which songs the users consider most touching based 
on digitally gathered traces of the user’s physiological changes, instead of 
just keeping track of frequently played songs. These diversifying digital 
traces suggest an opportunity to design digital artifacts that stimulate users’ 
reflection with more concrete evidence than just past emotional status. 
Eventually, users might become attached to the artifacts that show their 
personalized emotional history. 

 Variable and temporary accumulation of digital traces 

Except for a few digital artifacts that are made to collect specific types of 
data (such as running activity), participants expressed the needs to archive 
digital traces for historical value. In the case of analog artifacts, material 
traces are indelible, and it takes effort to erase them on purpose. Whether 
the material trace is positive or negative, participants could reflect on the 
past based on these indelible traces. Meanwhile, digital traces are easily 
replaced and updated to show the latest state of a product or a system. 
However, considering the historical values of material traces, creating 
inalterable, accumulated digital traces may induce the user to feel historical 
and authentic values about the artifacts. 

Opportunity — Unlike material traces, digital traces in digital devices and 
content systems are generally easily replaced, updated, or erased. For 
instance, when using a document file, the digital traces such as the edited 
time or the person who edited the document can be updated easily. While 
current services focus on updating recent traces, it is possible to accumulate 
users’ digital traces; this is helpful for reflecting on personal histories. Just 
as people cherish physical books and leave traces about their feelings, this 
system may allow people to accumulate personal digital traces, such as their 
biological signals and comments about their experience. Likewise, digital 
traces can be stored, archived, and visualized to enrich historical and 
authentic values. 
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4. Digital Patination 

4.1 Proposing Digital Patination and Design Aspects 

4.2 Exploring Digital Patination with Prototype 
Systems 

4.3 Comparison with Data Visualization and DIY 
Fabrication 
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Chapter 4. Digital Patination 
 

 

Focus of this chapter 

In the chapter 3, I confirmed users’ needs and the impacts of traces and 
patinas on product attachment in the ordinary context of using personal 
artifacts. Also, as discussed in the chapter 2, despite previous trials using 
the concept of patina in the field of product and interaction design, there is 
a need for exploration of new patination mechanism to supplement current 
patination techniques by combining digital technologies. Thus, in this 
chapter, I define the term digital patination as a design technique that 
transforms digital traces into patina-like patterns on the surface of a product. 
To systemically design systems that enable digital patination and investigate 
the impacts on user experiences, I identified four aspects of digital 
patination: the source of the patina, the tracing moment, the form of the 
patina, and user participation in the pattern design. Then, I explain how the 
design aspects of digital patination are explored by using two research 
prototypes. Finally, digital patination is compared with data visualization 
and do-it-yourself (DIY) fabrication. 

 

4.1 DIGITAL PATINATION AND IDENTIFIED 
DESIGN ASPECTS 

Although the concept of patina has been applied across software design, 
product design, and interaction design, there is a need for exploration of 
alternative patination mechanism to supplement current patination 
technique by combining digital technologies. Inspired by the use of patinas 
in art and by the value of material and digital traces, I propose a design 
technique called digital patination. Digital patination is a design technique 
that induces the progressive accumulation of patina-like patterns based on 
digitally recorded histories to enhance users’ attachment to artifacts. 

To systematically investigate digital patination as a design technique, I 
present a framework that includes four design aspects of digital patination: 
the source of the patina, the tracing moment, the form of the patina, and user 
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participation in patterning. The design aspects of digital patination were 
selected based on the preliminary studies and on the literature review (Table 
7). I extracted the exploratory design aspects that I assumed would be 
influential in raising the values of an artifact. Despite the previous trials 
using patinas, the accumulation of theoretical knowledge regarding the use 
of patinas has been stymied by the lack of a unified vocabulary and a 
framework to describe these systems. Thus, although these aspects are not 
fixed, I expect that they will be helpful to systematically investigate the 
impacts of digital patination and the possibility of other variations in digital 
patination. In what follows, these design aspects are explained one by one. 

 

Design Aspect Description Property 

The Source of 
the Patina 

The element that 
forms the patina 

Material Trace by physical touch with users 

Digital Trace (digitally recorded history data) 

The Tracing 
Moment 

The moment when 
the trace is 

materialized and 
accumulated 

Within product manufacture stage 
Synchronously within product usage stage 
Asynchronous within product usage stage 

The Form of 
the Patina 

The shape of the 
patina 

Natural patina form (e.g. Scratch, fading, ) 

Artificially generated form 

User 
Participation 
in Patterning 

The level of user 
involvement in 

making a patina-
like pattern 

No participation 
Passive & limited participation 

Active & encouraged participation 

Table 7. Design Aspects of Digital Patination 

 

4.1.1 The Source of the Patina 

The first aspect of digital patination is the source of the patina. This refers 
to what generates the patina. In terms of natural patinas in antiques, the 
source is mainly a material trace caused by users or by environmental 
impacts. While the material traces in an antique product may remind people 
of past events or people, the information is generally abstract and vague. 
From this point of view, as discussed in previous chapter, patinas made of 
material traces in digital devices may not be informative enough to remind 
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users of their pasts, considering the complex functions of digital devices.  

Another possible source of patina is a digital trace, as has already been 
created in the field of HCI. As everyday products become “smart,” it is easy 
to digitally keep track of users’ histories with a product. In the case of digital 
devices like MP3 players, the digital traces such as a music playlist or a log 
of the times in which the device was used can be gathered. Even when the 
artifacts do not have internal digital electronics, it is possible to keep track 
them through additional applications (e.g., a running app). Likewise, many 
kinds of digital traces can be gathered, and they can deliver rich information 
that stimulates users’ reflections based on concrete evidence. 

Digital patination basically utilizes digital traces as the source of patinas. 
But by transforming them into abstract material traces on an artifact, the 
digitally-generated patina is used to enhance an artifact’s aesthetic quality 
and become a channel for past memories with richer information. 

 

4.1.2 The Tracing Moment 

Another aspect of digital patination is related to the tracing moment, which 
represents the moment when traces are accumulated.  

The product life cycle comprises three stages: manufacture, use, and 
disposal (Alting, 1995; Westkamper, Alting, & Arndt, 2000). The 
manufacture stage involves producing new products. The product use stage 
refers to the time when products provide services to users and when users 
interact with those products. The disposal stage describes the process of 
discarding or recycling the product. From the perspective of a product’s life 
cycle, artists and metalworkers often deliberately add patinas as a part of 
the original design and decoration of art and furniture, such as to simulate 
antiquity in newly made objects during the manufacture stage. Meanwhile, 
natural patina is generated during the product use stage, through iterative 
interactions with users. Thus, unlike the rapidly applied patina made in the 
manufacture stage, the natural patina made in the product use stage 
gradually grows and becomes visually richer as time passes. One of 
advantages of the patinas that are acquired in the product use stage is related 
to historicity. As mentioned in Chapter 2, people often cherish antiques that 
include the scars of personal experience and history. 
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Thus, the tracing moment can be an important design element that 
determine the emotional and historical values of an artifact. Digital 
patination in this study focuses on the product use stage like the 
accumulation of natural patina, accordingly users may be able to 
accumulate patinas on personal items along with their histories of product 
use. 

 

4.1.3 The Form of the Patina 

The form of the patina refers to its shape and it decides how traces are 
arranged and visualized. In terms of natural patinas, the form is diverse and 
can include scratches, fading, and darkening. Mainly, the form of the patina 
determines whether it will be aesthetically pleasing. In art and product 
design, the form of the patina has been generated by utilizing a chemical 
process, by gathering stains on surface, or by allowing rubbing off or cracks. 
Thus, the form is accordingly uncontrollable and unpredictable. In addition 
to the aesthetics, an abstract form of patina may stimulate users’ reflections 
on past experiences and remind them of their past. For this reason, the form 
of natural patinas has been often used to deliver information in an ambient 
way in the GUIs. 

In this study, I explore alternative forms of patinas that are artificially 
generated by utilizing the concept of data visualization and computational 
design so that the artificial patinas’ form can supplement the 
uncontrollability of the form of natural patinas while maintaining their 
abstract and aesthetic qualities. 

 

4.1.4 User Participation in Patterning 

User participation in patterning describes the level of user involvement in 
marking patinas on a product. In the patination of an antique product, the 
user’s participation is limited because the patina is gathered without user’s 
intentions. For instance, users need take no action to create patinas on 
antique products. Still, the level of user involvement in patterning patinas 
may be one of key elements that determines the user’s product attachment. 
Literature about product attachment shows that involvement in making a 
product gives a person a greater stake in it and a deeper connection to it 
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(Ingold, 2013). Although user participation has not been considered before 
in the natural patination process, I expect that the user participation may be 
influential in user-product relationship, and accordingly it is necessary to 
explore how to enable user participation in the patination process in the 
context of product use. 

Thus, in this study, I explore systems for digital patination with different 
levels of user participation in patterning. Rather than restricting users’ 
participation, digital patination is designed to allow users to generate 
personal patinas by participating in selecting the digital trace, editing the 
form of the patina, and materializing the patina on a product. 

 

 

4.2 EXPLORING DIGITAL PATINATION WITH 
PROTOTYPE SYSTEMS 

Table 8 summarizes my approach for exploring digital patination using two 
prototype systems. In this dissertation, I mainly advance the research by 
applying digital patination to different target domains: digital devices and 
analog artifacts. The reason for applying patination to two different types of 
products was that they might show different issues related to the association 
between a product and digital traces. Considering the process of natural 
patination on an analog object, the material traces and the object are tightly 
coupled. In other words, the use of the object directly leads to the 
accumulation of material traces and patinas. In terms of digital patination, 
which utilizes digital traces as sources of patinas, the association between 
products and digital traces is diverse. For instance, because digital devices 
can generate digital traces that are tightly associated with the use of such 
devices, designers can consider digital patination by using those digital 
traces. However, because analog artifacts cannot generate digital traces by 
themselves, digital patination requires digital traces that are sent from 
external devices or applications. From that perspective, it is expected that 
digital patination for digital devices and analog artifacts should be applied 
differently; accordingly, the impacts of patination may differ in each case. 
For this reason, I tried to investigate this association issue by developing 
patination systems for digital devices and analog artifacts.  
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At the same time, while applying digital patination in the context of digital 
and analog products, I contemplated many design concepts and 
progressively refined and clustered the conceptually related sets to cover 
various combinations of the digital patination design elements. Finally, I 
was able to develop two prototype systems: the Patina Engraver System and 
Trace-Marker. These systems were designed to cover different aspects of 
digital patination.  

In the prototype systems, the source of patinas and the tracing moment were 
similarly applied while the form of patinas and user participation were 
applied in different levels. The source of patina and the tracing moment are 
unique and essential aspects of digital patination. Considering the source of 
patinas, digital patination is unique in that it accumulates patinas by 
transforming digital traces into material traces on a product. From the 
perspective of the tracing moment, digital patination occurs during the 
product use stage in a progressive way so that it modifies a product along 
with product usage. About these aspects: I tried to explore whether or not 
the digitally generated patinas’ characteristics—similar to natural patinas—
would affect users’ attachment to a product as natural patinas do. 

I set the form of patina and user participation as design aspects for exploring 
the variations of digital patination. Beyond traditional patination, I expected 

Table 8. Exploring Digital Patination with Prototype Systems 
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that digital patination can be diversified from the perspectives of the form 
of patina and user participation. Since digital patination can be made to 
include digital technologies, such as data visualization and fabrication, 
more refined forms of patinas can be made—unlike natural patinas’ 
uncontrolled forms. Moreover, although natural patinas are made without 
user participation, digital patination can be designed to include the users in 
the patination process. By applying different forms and user participation 
levels in two prototypes, I tried to explore the variations of digital patination 
systems. In the following, I explain the design aspects of each prototype. 

 

4.2.1 Target Domains and Sources of Patina 

I mainly explored digital patination systems by applying the concept of 
digital patination to the target domains of digital devices and analog artifacts 
and by making use of the respective advantages of digital and material 
traces. The main reason for applying patination to two different types of 
target domains was that they might show different issues related to the 
association between a product and digital traces. Moreover, considering the 
target domain and the source of the patina together (Figure 17), I tried to 
investigate alternative patinations. 

Part (A) in Figure 17 describes traditional patination for artwork and 
antiques. As in this figure, patination has been used so that material traces 
are accumulated in analog objects without electronic parts (such as 
sculptures, buildings, and furniture). Part (B) shows how the concept of 
patina has been used in the HCI field. In general, patination has been 

Figure 17. Comparing Existing Patination and Digital Patination 
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suggested as a way to visualize digital traces in GUIs of digital devices and 
content systems. However, material traces have rarely been used for the 
design of digital devices.  

In this dissertation, I tried to explore alternative patination by transforming 
digital traces into material traces on the surfaces of artifacts and broadening 
the target domain from analog artifacts to digital devices. Thus, as in part 
(D), I explore how digital patination can transform digital devices’ digital 
traces into material traces by designing a prototype called Patina Engraver 
and investigate its impacts. Because one of the important aspects of digital 
devices is that they are personal fashion items that play a role in personal 
identity, visual aesthetics, and social communication—going beyond 
technological features—I expected that the method of digital patination for 
digital devices would improve the emotional quality of digital devices. 

As in part (C), I explore digital patination for analog artifacts by developing 
a prototype named Trace-Marker. Because the traditional way of using 
patinas has not been developed, I tried to compensate for the defect of 
traditional patination in analog artifacts by using digital technologies. 
Though, unlike digital devices, analog artifacts are not able to generate 
digital traces internally, it is possible to digitally record how the artifacts are 
used through additional systems, such as mobile applications that record 
running or bicycling activities. For this reason, I used mobile applications 
to keep track of users’ experiences with an analog artifact and utilized the 
digitally recorded traces as sources of patina. 

 

4.2.2 Tracing Moment during the Product Use Stage 

In this study, I borrowed the unique characteristics of natural patinas 
regarding the tracing moment. The main reason is that the product use stage 
is when the users have the most active interactions with products and spend 
the longest time creating histories with those products. According to 
previous research on emotional durability and product attachment, a 
product’s gracefully aging surface, its narratives, and its histories can be 
created in the product use stage; these can become salient factors in giving 
a product symbolic meaning (Gegenbauer & Huang, 2012; Mugge et al., 
2009; Odom et al., 2009; Verbeek, 2006). These cases illustrate the potential 
for a form of digital patination that grows traces on a product in a way that 
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allows users to enrich that product’s symbolic meanings. As the natural 
patina is acquired concurrently with product usage, considering the context 
of product use and the mechanism for making patinas, I designed a digital 
patination system that accumulates digitally made patinas based on histories 
at intervals of about a week. 

 

4.2.3 Forms of Patina: Natural, Mimicked and Computationally 
Refined Forms 

For this study, I borrow unique aspects of natural patina’s forms and further 
explore other possible forms of patina that are digitally created. Finally, I 
explore mimicked and computationally refined forms as artificially 
generated patinas’ form (Figure 18). 

First, I explore artificial form by mimicking natural patinas. The mimicked 
form partially maintains the atypical form of the natural patina. Patination 
with a mimicked form makes material traces in partially randomized 
positions rather than in accurate positions. Still, the mimicked form is 
partially controlled in that the method of mapping digital traces is 
predefined. To express a mimicked form, Patina Engraver applies a 
stippling mechanism. Stippling is an art technique that uses small dots to 
simulate varying degrees of solidity or shading. Stippling may also be used 
in engraving or sculpting an object—even when there is no ink or paint 
involved, either to change the texture of the object or to produce the 
appearance of light or dark shading, depending on the reflective properties 
of the surface. By applying stippling in the fabrication system, the system 
can make material traces such that their expression becomes richer when 

Figure 18. Forms of Patina 



 

65 

they are accumulated gradually. At the same time, because the positions of 
the dots are partially randomized, the expression is atypical. 

Furthermore, I also explore the possibility of a computationally refined form 
that is more controlled than either the natural form or the mimicked form. 
Using the concepts of data visualization and computational design, the 
computationally refined form of patina can be made according to 
predesigned algorithms. In this study, the Trace-Marker system is made to 
automatically generate patterns based on users’ bicycle histories. The 
system generates material traces that are arranged in geometrical patterns 
through a computational design. In particular, by mapping a user’s digital 
traces through predefined pattern-generation algorithms, the material traces 
are engraved like patterns that might be seen on a fashionable product. 

Likewise, in this study, I explore the differences between alternative forms 
of patina while maintaining the abstract and aesthetic qualities of natural 
patinas and combining data visualization and computational design to create 
artificial patinas. 

 

4.2.4 Passive and Active User Participation in Patterning  

The traditional method of patination does not require users’ participation. 
Still, the level of user involvement in designing a product is one of the key 
elements that determines users’ product attachment. In this study, by 
developing digital patination systems with both passive and active 
participation, I investigate the impact of different levels of user participation 
on patination.  

First, with Patina Engraver, users passively participate in making patinas by 
gathering digital traces and putting devices into a patination system. In this 
system, digital devices (e.g., activity trackers) automatically gather the 
user’s running history. Then, since the device cannot automatically make 
the patina by itself, the user’s limited participation is forced. 

While user participation is limited in Patina Engraver, Trace-Marker allows 
for a higher level of user participation, from designing a patina pattern to 
tracing it. Because analog artifacts do not generate digital traces by 
themselves, users first set up additional mobile applications to keep track of 
their histories of product use. Then, users can select sources of patina from 
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among various collected digital traces. They can then edit the form of the 
patina by participating in its design. 

In this study, I outline the difficulties and advantages of user participation. 
Then, I discuss the design implications, such as how to support user 
participation in digital patination. 

 

4.2.5 Impacts of Digital Patination 

The main purpose of using patinas in art is related to their impacts on 
aesthetics, historicity, and uniqueness. In the same vein, digital patination 
may provide similar impacts. Rather than focusing only on the pragmatic 
purposes of traces, digital patination is expected to contribute to the 
products’ emotional durability. Still, the use of digital patination for 
everyday products is not merely intended to replicate the patination 
technique from the art discipline. Digital patination may enrich user–
product relationships and users’ experiences with their artifacts. In that 
sense, digital patination may affect the user experience from two 
perspectives: regarding how to build a relationship between an artifact and 
a user to create product attachment and regarding how to create a slow and 
reflective user experience. 

 

 

4.3 COMPARISON WITH DATA VISUALIZATION 
AND DIY FABRICATION 

The newly proposed technique, digital patination, is at the intersection of 
data visualization and DIY fabrication. In the following, I identify the 
unique characteristics of digital patination. 

 

4.3.1 Comparison with Data Visualization 
To support effective self-monitoring and motivate users, data visualization 
is a key issue in personal informatics. In the area of data visualization, the 
majority of commercial systems target the virtual medium through numbers, 
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graphs, and metaphors (e.g., mobile applications such as Fitbit and 
Runkeeper). Numbers and graphs take little screen space and can be easy to 
interpret; however, these forms can have usability and interpretation issues 
in larger data sets (Swaminathan et al., 2014). Some researchers have 
suggested using virtual metaphors, such as interactive art displays (Fan et 
al., 2012) or growing pets, according to the collected digital traces (Lin et 
al., 2006). Research shows that this type of visualization can be engaging 
and fun. 

As an alternative method of data visualization, there has been research on 
using the physical medium to visualize digital traces, such as physiological 
and activity logs. For instance, Requena (Requena, 2014)(2014) presented 
research projects to fabricate physical mediums such as jewelry or everyday 
objects based on physiological data. Regarding the physical representation 
of activity logs, Khot et al. (Khot, Hjorth, & Mueller, 2014) developed 
SweatAtoms, which transforms physical activity data into 3D-printed 
artifacts. They found that physical mediums made people more conscious 
of their involvement in physical activities. Nissen and Bowers  developed 
an algorithmic design system that translated tweets related to a conference 
into wearable artifacts to encourage attendees’ interactions with one another 
(Nissen & Bowers, 2015). In these studies, the systems are used to make 
souvenirs that represent personal histories of physical activities or of 
activities at an art exhibition or conference. These studies illustrate the value 
of physical data visualization in facilitating social interactions and users’ 
reflections. 

Uniqueness of Digital Patination — Digital patination can be classified as 
a type of data visualization in that it materializes data from digital traces. 
However, digital patination differs from other forms of visualization in that 
its purpose is to enhance the emotional quality of a product rather than to 
deliver information. Second, digital patination exploits the advantages of 
the physical medium and reduces the burden of the building process. As 
explained in Khot et al.’s research (Khot et al., 2014), the process of 
building a data-thing through a 3D printer is laborious and time-intensive, 
which is uncomfortable for general users. Additionally, because such 
physical objects show one moment of tracking, users need to generate a 
number of objects for long-term activity logging. Digital patination is 
distinct from these cases in that it uses digital traces to create a progressive, 
patina-like pattern accumulation on a product. Unlike previous cases, which 
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have made separate data-things (Nissen & Bowers, 2015), digital patination 
systems are made to utilize digital traces of products so that the products 
can be personalized gradually according to users’ histories. 

 

4.3.2 Comparison with Existing DIY Fabrication 

As a response to DIY trends and needs, diverse product customization 
services and fabrication systems have been launched. These services give 
users the tools to take part in the design process and to decide for themselves 
what the product will be like—as opposed to purchasing ready-made, mass-
produced items. In the field of HCI, researchers have built and tested a 
variety of fabrication systems to make digital fabrication accessible to a 
wider audience. Representative research is about developing the tools to 
help lay users participate in the modeling and eventual construction of an 
object. KidCAD is a CAD environment designed for 3D printing that allows 
users to design 2.5D forms in a process similar to imprinting objects in clay 
(Follmer & Ishii, 2012). MixFab helps users design objects in an immersive, 
augmented-reality environment in which they can interact with virtual 
objects in a direct gestural manner and introduce existing physical objects 
effortlessly into their designs (Weichel, Lau, Kim, Villar, & Gellersen, 
2014). Combined with computational design, Codeable Objects supports 
novices as they program for aesthetic design and digital fabrication to 
produce personal and functional objects (Jacobs & Buechley, 2013). 
Despite improvements to the interfaces for modifying products’ 
appearances and functions, it is difficult for general users to make 
personally meaningful products that symbolize their identities and lifestyles. 

 

Uniqueness of Digital Patination from the Perspective of the Product 
Life Cycle — Most product personalization to date has been focused on the 
manufacture stage in product life cycle. Despite improvements in how to 
make objects with various materials and mechanisms (Mueller, Lopes, & 
Baudisch, 2012; Peng, Mankoff, Hudson, & McCann, 2015) and in how to 
make effective use of resources (Mueller et al., 2014; Saakes, Cambazard, 
Mitani, & Igarashi, 2013), one concern is that it is still difficult for people 
to personalize a product in a way that conveys symbolic meanings of self-
expression. Although people are able to easily participate in personalization 
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and fabrication through user-friendly interfaces in current systems, the 
process still requires substantial design capacities so that a personalized 
product can contain emotional values and symbolize the users’ identities or 
lifestyles.  

Unlike previous cases, digital patination focuses on the product use stage 
and on the utilization of personal digital traces. Inspired by how products 
become personalized with patinas, this approach supports progressive 
personalization during a product’s use stage rather than instant 
personalization at the manufacture stage (Alting, 1995; Westkamper et al., 
2000). Through a digital patination system, users can transform digital 
traces of product use into patina-like material traces on that product to 
express personal histories and enhance a product’s emotional qualities. 

 
4.4 SUMMARY 

In this chapter, I defined the term digital patination as a design technique 
that transforms digital traces into patina-like patterns on the surface of a 
product and identified four aspects of digital patination: the source of the 
patina (the element that forms the patina), the tracing moment (the moment 
when traces are accumulated), the form of the patina (how traces are 
arranged and visualized), and user participation in the patterning (the level 
of user involvement in marking patinas). Then, I explained my approach for 
exploring digital patination using two prototype systems. Basically, two 
prototypes are developed to explore alternative patination by transforming 
digital traces into material traces on the surfaces of artifacts. They are used 
to investigate the applicability of digital patination to different target 
domains; analog artifacts and digital devices. About the tracing moment, 
the systems are designed to accumulate digitally made patinas based on 
users’ histories during product use stage. About the form of patina, 
mimicked and computationally refined forms are tried in each prototype 
system. By developing digital patination systems with both passive and 
active participation, I investigate the impact of different levels of user 
participation on patination. 
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Chapter 5. Digital Patination for Digital 
Devices 

 

 

Focus of this chapter 

This chapter concentrates on the applicability of digital patination for digital 
devices. As discussed in Chapter 3, I found that the use of traces and patina 
in digital artifacts has been restricted mainly to pragmatic purposes. 
Moreover, while current digital devices are designed to be protected from 
physical traces, such as scratches, cracks and discolorations, the use of 
material traces in digital devices also has potential.  

Thus, I investigate how to use digital and material traces of digital devices 
to enhance users’ attachment to digital devices focusing on activity trackers. 
I explore digital patination as an approach to designing fashionable and 
emotionally durable activity trackers. The design method is concretized and 
evaluated through the development of the Patina Engraving System (Patina 
Engraver and Patina Tracker). 

 

5.1 NEEDS OF PATINATION FOR DIGITAL DEVICES: 
FOCUSING ON ACTIVITY TRACKERS 

Figure 19. Fashionable Activity Trackers: Jawbone UP, Mira Bracelet, 
Fitbit and Tory Burch 
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Technological advances in the HCI area have made digital devices more 
efficient, usable, and enjoyable. At the same time, these digital devices are 
possessed for the purpose of constructing notions of who we are and what 
we want. For example, for most mobile phone users, their phones are 
considered an indispensable and beloved possession. While some people 
need a phone only for its functionality, for others it is a status symbol or an 
expression of their identity (Meschtscherjakov et al., 2014). Nonetheless, 
digital devices often remain impermanent, becoming obsolete before their 
functional lifetimes have expired (Cooper, 2002; Woolley, 2003). This 
accelerated cycle of consumption and disposal of digital artifice is described 
as the disposable technology paradigm (Huang & Truong, 2008). 

Considering the issues above, I investigate the potential of patination for 
digital devices by focusing on an activity tracker as a representative instance 
among diverse digital devices (Figure 19). The reasons for focusing on an 
activity tracker are that a tracker generates activity logs as digital traces; a 
tracker is used in the long term; and the emotional qualities of a tracker, 
including its physical appearance, are an important factor to which patina 
may contribute. 

Recently, there has been a proliferation of commercial activity trackers such 
as Jawbone UP, Fitbit, Misfit Wearables and others for monitoring physical 
activity related to health and well-being (Ledger & McCaffrey, 2014). Most 
activity trackers collect an activity log and help users reflect on their life by 
visualizing the data in mobile or web applications. In relation to tracking 
devices, the field of HCI has mainly contributed to practical issues, such as 
how to improve sensing mechanisms and understand diverse self-
monitoring methods (Choe, Lee, Lee, Pratt, & Kientz, 2014; Consolvo, 
Everitt, Smith, & Landay, 2006; Fan, Forlizzi, & Dey, 2012; Lin, Mamykina, 
Lindtner, Delajoux, & Strub, 2006). However, one of the important aspects 
of activity trackers is that they are personal fashion items that play a role in 
personal identity, visual aesthetics and social communication beyond 
technological features such as usability and sensing accuracy (Bolton, 2002; 
Pan & Blevis, 2014; Seymour & Beloff, 2008).  

Though activity trackers have been improved as a personal activity 
monitoring tool, it is necessary to consider issues of HCI’s third wave, such 
as the meaningfulness of digital artifacts and users’ attachment toward them 
(Fallman, 2011). In particular, considering the way activity trackers are 
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worn in everyday life, it is important to investigate how to improve the 
emotional qualities of activity trackers as fashion items and enhance users’ 
attachment toward them. Because the majority of activity trackers today are 
worn in a manner so that they are visible, customers consider not only their 
functionalities but also emotional qualities related to their visual 
appearances and public images as core criteria. Some companies have even 
started to increase their competitiveness by cooperating with fashion brands 
because technological aspects of trackers have become equivalent in the 
market (“Fitbit and Tory Burch,” 2014).  

Nevertheless, a design approach that focuses only on visual appearance 
does not fully improve other emotional qualities regarding the historicity or 
uniqueness of a product. Besides, the current design approach for trackers 
has little relationship with the main functions of them, such as activity 
tracking and supporting activity monitoring. These cases illustrate the need 
for digital patination that utilizes digital traces of activity trackers to make 
patina-like patterns on them. This approach might be important not only for 
improving users’ physical activity but also for constructing a strong 
emotional bond with users and supporting an engaging user experience in 
the long term. 

 

 

5.2 ITERATIVE PROTOTYPING PROCESS 
While exploring and developing a system that enables digital patination for 
an activity tracker, I have considered the four design aspects simultaneously.  

 The source of the patina: As a source of patina, I selected the activity 
logs that activity trackers generate, such as to steps, walking distance, 
sleeping time, and calories.  

 The tracing moment: I devised a system that allows users to make 
patinas on their trackers during the product use stage. Tracing can be 
done at one-week intervals when the user puts the tracker into the 
engraver. 

 The form of the patina: In regular activity trackers, the digital traces 
are shown in informative graphs. But, inspired by how the natural patina 
of analog objects is valued, I chose to mimic a form of patina that 
partially maintains an atypical form for aesthetic, historical, and 
authentic values of trackers. 
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 User participation in tracing: In the developed system, digital devices 
(i.e., activity trackers) automatically gather a history of running. Since 
the patina cannot be made automatically by the device itself, the user 
needs to use an engraver to accumulate a patina on a tracker. Then, the 
system automatically transforms collected digital traces to patina-like 
patterns on the surface of a tracker. 

In what follows, I explain in detail the process of exploring mechanisms, 
materials, and visual patterns for expressing patinas and the rationale behind 
the decisions. Prior to implementation of the final prototype, I attempted 
several designs by applying different materials and patination mechanisms. 
Mainly, this exploration was to generate a mimicked form of patina on the 
surface of a digital device. 

 

5.2.1 Mechanism for Engraving Mimicked Patinas 

According to literature on art and culture, the characteristics of a patina can 
be classified as follows (DeSilvey, 2006; Hiiop, 1998; Zancheti et al., 2006): 

 Abstract: A patina provides information in ambiguous ways. The 
abstract and subtle shape of a patina may stimulate users’ reflection. 

 Visually rich: A patina is often utilized to make an object look 
aesthetically pleasing. It is often expressed on the surface of the object 
by changing the color or texture, as shown in a leather product. 

 Gradually emerging (on a physically limited surface): A patina is 
created gradually in limited space on a surface. The patina takes a while 
to emerge, and its expression becomes thicker and richer with time. 

 Historically accumulated: A patina shows past history of use. People 
may leave a patina intentionally to mark an event or person. Or a patina 
may be unintentionally generated when an object is touched or exposed 
to the environment. 

With consideration given to the characteristics of patina, I tried to mimic 
the forms of natural patinas in this study. After testing several visualization 
techniques in a physical medium and materials for simulating patinas, I 
received inspiration from stippling and tattooing (Figure 20). Stippling is 
an art technique that uses small dots to simulate varying degrees of solidity 
or shading (Simpson & Wood, 1987). Stippling may also be used in 
engraving or sculpting an object even when there is no ink or paint involved, 
either to change the texture of the object or to produce the appearance of 
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light or dark shading depending on the reflective properties of the surface. 
Considering the process of accumulating small dots gradually and their 
atypical expression as a form of natural patina, I selected a stippling (or 
piercing) technique that inserts a needle into the surface, which is attached 
to an oscillating unit (in this case a solenoid). As the unit rapidly and 
repeatedly drives the needles in and out of the surface, the needles leave 
small dots on the surface. 

By exploring and comparing other fabrication techniques such as CNC 
milling, laser cutting, and 3D printing, I found that the piercing technique 
has several advantages for visualizing mimicked patinas (Table 9). First, its 
expression is relatively noticeable in visual and tactile ways, such as in the 
case of tattooing and stippling arts. Second, it expresses a patina gradually 
on a physically limited surface. Since CNC milling and laser cutting takes 
the surface away and 3D printing makes the surface bigger, there are limits 
to the amount of patina that can be expressed on the same surface. On the 
contrary, piercing can express detailed and gradual traces on a limited 
surface. Third, the setup and clean-up process of a piercing device is 
relatively convenient. CNC milling and laser cutting create lots of dust and 
are risky for general customers. In addition, 3D printing takes a long time 
to construct objects and requires inserting materials continuously. 

 

 

Figure 20. Stippling Mechanism for Patinas with Mimicked Form 
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 CNC milling 3D printing Laser cutting Stippling 
(Piercing) 

Richness of 
effects 

Visual(medium)
, 

tactile(strong) 

Visual(medium)
, 

tactile(strong) 

Visual(strong), 
tactile(weak) 

Visual(medium)
, 

tactile(medium) 

Possibility of 
gradual 
visualization in 
limited space 

Difficult 
(part of an 
object is 
removed) 

Difficult 
(The volume of 

an object 
becomes 
bigger) 

Possible Possible 

Convenience of 
building process Creation of dust 

Need for 
inserting 
material 

continuously 

Creation of 
smoke, 

Danger of fire 
- 

Visualizing time Medium Very long Short Short 

Table 9. Comparing Fabrication Mechanisms for Engraving Patina 

 

5.2.2 Materials for Engraving Mimicked Patinas 

After selecting a stippling technique, I tested diverse materials for piercing, 
such as a silicone pad and leather, and tried making dots with a needle for 
making richer expressions. As shown in Figure 21, I tried a piercing 
mechanism on silicone surfaces that were covered with a painted layer and 
a PVC sheet. Throughout trials and error, I found that the silicone pad 
covered with the painted layer and the silicone pad covered with the PVC 
sheet were not proper to show pierced dots visually. 

Finally, I developed a material that maximized the visual and tactile 
effectiveness of the patina produced by the stippling technique (Figure 22.a). 
The developed material consists of three layers. The first layer at the bottom 
is a silicone pad (1 mm). On top of this a brightly colored PVC sheet (125 
µm) is attached. Then, as a third layer, a dark paint is evenly spread on the 
PVC sheet. When the needle reaches the painted surface, the painted layer 
is stripped down. This causes the bright sheet to stand out against the dark 
painted layer, making the pattern both visually and tactually vivid (Figure 
22.b). 
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Figure 22. Exploring Materials 

Figure 21. Material and Technique for Engraving Patina 
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5.2.3 Visual Patterns for Accumulating Mimicked Patina by 
Stippling 

I also explored different visual patterns that could be made by a stippling 
technique that reinforce characteristics such as abstract, visually rich, 
gradually emerging, and historically accumulated. Since the qualities 
abstract and visually rich can be covered by how the piercing dots are 
allocated and the historical aspect can be solved by utilizing users’ activity 
data, I focus more on gradualness on a physically limited surface and the 
historical aspect. 

Basically, I applied stippling, a technique that creates a pattern simulating 
varying degrees of solidity or shading by using small dots (Simpson & 
Wood, 1987), to visualize patina on a physical surface. Throughout the 
exploration, I found that the mechanism of piercing the material could be 
applied in three ways to express the characteristics of gradualness and 
historicity (Figure 23). Although other types of visual patterns could be used 
to express patina, I selected the face, line, and fractal types that can be 
modified widely as basic components of visual patterns. These basic 
visualizing types were applied in the prototypes. 

 

 Stippled plane type: By filling a plane with dots, it is possible to vary 
the color of the face. 

Figure 23. Visual Patterns of Patinas: (a) Stippled plane type, (b) 
Stippled line type, and (c) Fractal type. 
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 Stippled line type: By filling a line with dots, it is possible to make the 
line thicker and clearer. 

 Fractal type: This type is related to a combination of lines. I utilized a 
fractal shape that is infinitely self-similar, iterated, and detailed in theory. 

 

 

5.3 DESIGNED SYSTEM: PATINA TRACKER & 
PATINA ENGRAVER 

Through the exploration of a stippling technique and material and visual 
patterns, I developed a prototype of the Patina Engraving System consisting 
of the Patina Tracker and the Patina Engraver. 

 

5.3.1 Hardware of Patina Tracker and Patina Engraver 

The Patina Tracker uses the three-layered material I developed in the 
wristband part (Figure 24). To fasten the band, magnets were attached inside 
at both ends. As a tracking sensor, I utilized the sensor part of a Fitbit Flex 
(http://www.fitbit.com), which was embedded at the center of the wristband. 
Additionally, an RFID tag was attached inside the band to identify the 
participant’s ID and load his or her activity logs. 

The Patina Engraver mainly consists of two stepper motors and a stippling 
unit (solenoid with a needle) (Figure 25). The stippling unit is moved in the 
XY plane by two stepper motors. The stippling unit drives the needles up 
and down by the solenoid with a speed of 3-5 times per second (Figure 26). 
The diameter of the needle in the stippling unit is 0.35 mm. During the 
exploration, it was found that the piercing speed and resolution vary 
depending on the speed of the motor and the needle size. The rack at the 
bottom is used to place the tracker for engraving. When a tracker is put on 
the rack, magnets under the rack hold the tracker while it is engraved. At 
the same time, the RFID reader under the rack identifies whose tracker it is. 
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Figure 25. Patina Tracker 

Figure 24. Patina Engraver's Stippling Unit 



82 
 

Fi
gu

re
 2

6.
 P

at
in

a 
E

ng
ra

ve
r 



 

83 

5.3.2 Software of the Patina Engraving System 

In this system, users’ activity logs are periodically saved to the local 
computer when they access their Fitbit account (Figure 27). If the Patina 
Tracker is placed on the Patina Engraver, the engraver identifies the user 
and loads his or her activity logs on the local computer using RFID. Then, 
the local computer analyzes the activity logs and sends pattern codes to the 
Arduino board in the Patina Engraver. The engraver moves the stepper 
motors and the stippling unit based on predefined pattern types and the 
pattern codes from the local computer. 

 

5.3.3 Patterns on the Patina Tracker 

The overall layout of the patina patterns on the activity tracker was decided 
through several phases of exploration. First, I selected (i) the types of 
activity logs as the source data for engraving the patina. Among diverse 
types of activity logs, I chose steps, active time (minutes), activity calories, 
time in bed (minutes), and total walking distance (kilometers), which people 
generally want to know when using tracking systems. Then, I considered (ii) 
shapes for each activity log, such as zigzag, rectangle etc., (iii) visual 
patterns for engraving the patina in the limited space (e.g., stippled plane 
type, stippled line type, and fractal type); and (iv)the physical location on 

Figure 27. Patina Engraver System Walkthrough 
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the surface of the tracker. The pattern layout on an activity tracker was 
evaluated for noticeability, possible number of engravings, and visual 
aesthetics. Finally, each type of source data was mapped onto four zones 
(Figure 28). 

 Zone 1: In this zone, average steps and active times per day are mapped 
by a zigzag line and engraved in the stippled face type to cover the 
middle surface of the tracker. Since this zone is most conspicuous when 
the tracker is worn, it was chosen as the area to receive steps and time 
spent active as source data. In detail, steps are mapped by the number 
of diagonal lines. Considering the length of the tracker and the notion 
that 10,000 steps a day is normal, I decided to map 1,000 steps as one 
diagonal line. Then active times are used to define the noise on the lines. 
Specifically, when the active times are long, the noise value becomes 
smaller to engrave a more clear and vivid line. When the active times 
are short, the dots are engraved sporadically with bigger noise values 
along with diagonal lines. 

 Zone 2: In this zone, calories per week are mapped by the length of each 
zigzag line. From the left to the right, the length of a line indicates the 
number of activity calories from Monday to Sunday. Due to the narrow 
space, the stipple line type was used for engraving. 

 Zone 3: Like in Zone 2, I mapped time in bed by a line for each day. To 
magnify the differences among days, patina lines were engraved when 
the time in bed was in the range of 240–540 minutes. 

Figure 28. Designed Patterns on Patina Tracker 
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 Zone 4: In this zone, I mapped total walking distance using the fractal 
type to show distinct improvement. I divided total distance into 3 levels 
(lv.1: 0–20km, lv.2: 20–40km, lv.3: 40–60km). When total distance 
reached a certain level, a more detailed fractal structure was drawn in 
the three phases.  

In the Patina Engraving System, the entire engraving process took about 5–
10 minutes depending on the participants’ activity logs. 

 

5.4 FIELD TRIAL 
I conducted a field study to understand the impact of the patina engraving 
process and the trackers based on the experience of an individual engaged 
in everyday physical activity. When participants used the Patina Engraving 
System, I expected it would take a certain amount of time for them to grow 
accustomed to using the new device. I also expected to find various roles of 
the patina engraving process and trackers from natural use. Therefore, rather 
than conducting short trials, I installed the Patina Engraver and Tracker in 
a natural environment for 8 participants for 5 weeks. The sample size and 
the period of the field trial were determined from a previous study (Brown, 
Reeves, & Sherwood, 2011) that discussed field trial methods.  

In this field trial, I focused on finding the impacts of digital patination not 
only on functional aspects but also on the emotional and social aspects of 
the tracker and tracking experience. Given the exploratory nature of the 
design work, I focused on gathering a rich set of opinions rather than 
quantitative findings about physical activities. As such, the work leans on 
the idea of cultural probing (B. Gaver, Dunne, & Pacenti, 1999) and “in the 
wild” studies that aim to encourage reflective thinking about a system. 

 

5.4.1 Participants 

I contacted sports clubs to recruit a group of participants because I expected 
that they would be interested in exercising and activity tracking and would 
have a close relationship with each other. As recommended from a previous 
study (Frey & Fontana, 1991), the intimate relations among participants at 
the same club could be a stimulus to expressing their opinions and providing 
a greater depth of understanding about the field context. Eventually, eight 
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participants from the same sports club (a badminton club) were recruited 
for the study. There were 5 male and 3 female participants varying in age 
from 22 to 28 years (M = 24.1, SD = 2.2). All participants played badminton 
more than twice a week together and had close relationships. Three of the 
participants regularly partook in other sports such as walking, football, and 
golf. Participants’ past experience of using trackers was also considered in 
the recruitment phase. Three participants had an experience of using 
trackers for about 1 month (M4: Misfit Shine, F1: Galaxy Gear Fit, F2: sleep 
tracking application). I expected that the past experience of using trackers 
would be useful for eliciting the potential value of the system. Throughout 
the paper I refer to each participant by sex and the week of the interview 
session (e.g., M5, week 3). 

 

5.4.2 Study Process and Method 

The Patina Engraver and Trackers were used for 5 weeks to conduct this 
field trial (Figure 29). To lessen their burden and observe how the system 
functioned in normal life, the Patina Engraver was installed in a building 
that all of the participants could reach within 10 minutes by walking; it was 
also close to the gym where their exercise club played badminton. 

After starting the study, participants were asked to set up their trackers and 
applications on a computer and a mobile phone. Then, they created a Fitbit 
account with an ID and password that I assigned. Using the IDs and 
passwords, I could access the participants’ raw activity logs. Then, the 
participants were allowed to sync their logs by using a personal computer 
or mobile phone as they wanted.  

Figure 29. Field Trial (patina tracker package for participants and 
interview session) 
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During the first week, the participants wore the tracker without engraving 
patterns. They adapted to the tracking process, and this period reduced the 
novelty effect of tracking itself. The first week’s interviews included 
questions related to their biographies (ordinary habits of exercise and 
sleeping). 

During the second to fourth week, the participants visited my research team 
for interviews and used the Patina Engraver twice a week. Depending on 
their schedules, I met them with at intervals of 3–5 days. Among the two 
meetings per week, one was only for engraving and the other was for 
interviewing and engraving together. The interviews were conducted with a 
group of two or three participants. Because they had close relationships in 
the same sports club, they could discuss their experiences spontaneously 
(Frey & Fontana, 1991). Also, I could observe the social impacts of the 
Patina Engraving System among the participants. During the interviews, I 
asked questions about the roles of patina and the functional, emotional, and 
social aspects of the Patina Tracker and Engraver.  

At the fifth week, I stopped the engraving tasks and the participants wore a 
normal Fitbit tracker. In the post-use interviews, I asked about what the 
users missed most about using the Patina Engraving System and the impacts 
of the engraving system compared to the normal trackers. In addition, I 
asked about possibilities of using patina in other contexts. 

 

5.4.3 Data Collection and Analysis Method 

I mainly analyzed the results based on the weekly and post-use interviews. 
The weekly photos of participants’ trackers and their activity logs saved on 
the server were used to identify the detailed situations that users mentioned 
in the interviews. All interviews were audio recorded and transcribed, for a 
total of 720 minutes of data. Interview transcription and contextual use data, 
including activity data and photos of participants’ trackers, were categorized 
by the research team through iterative analytic induction. During the 
analysis, I considered the novelty effects, finding unexpected uses and 
unreported results from the lead participant by referring to existing research 
(Brown et al., 2011). 
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5.5 FINDINGS 
Overall, participants were receptive to the idea of engraving patina and were 
engaged with using their Patina Trackers and Engraver. Table 10 shows how 
the trackers were used for 5 weeks. The activity logs for steps, active time, 
active calories, and time in bed varied depending on each participant’s 
tracking style. In addition, I found that the participants frequently forgot to 
record their sleep, which required a mode change in the tracker. However, 
in general the participants’ average amounts of steps, active time, active 
calories, and time in bed tended to decrease after the first week as the 
tracking system became ordinary to them. From the weekly interviews, I 
also confirmed that the participants became familiar with activity trackers: 
“Though it was interesting to monitor my data at first, I got used to it after 
using the tracker several times. Now I am monitoring it less frequently than 
the first week” (M3, week 2). 

Figure 30. Participants’ Patina Trackers in the Third Week (after 
being engraved 3 times) 
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Meanwhile, I could observe that participants’ Patina Trackers became 
varied after being engraved 5–6 times (Figure 30). For instance, while 
trackers of F1 and M1 were engraved with thicker patina patterns, those of 
M3 and M4 had less clear patina due to their relatively low level of activity. 
Likewise, all participants’ trackers became distinguishable from others’. 
Next, I explain the functional, emotional, and social impacts of patina 
engraving on the tracking experience and perception of trackers as a 
personally meaningful possession. 

 Week 1 Week 2 Week 3 Week 4 Week 5 

Steps per day 
8816.3 
SD = 

3889.1 

8688.5 
SD = 

3036.8 

7677.4 
SD = 

2660.6 

9085.8 
SD = 

3058.5 

6056.2 
SD = 
2751 

Active Time 
(min.) 

per day 

81.2 
SD = 33 

63.5 
SD = 40.1 

59.1 
SD = 20.9 

66.6 
SD = 21 

52.3 
SD = 23 

Active Calori
es 

per day 

776.4 
SD = 
327.2 

779.2 
SD = 
319.7 

718.6 
SD = 
263.7 

829.9 
SD = 
246.1 

582.4 
SD = 
371.2 

Time in Bed 
(min.) 

per day 

322.4 
SD = 
110.7 

290.2 
SD = 
156.8 

210.8 
SD = 
119.7 

216.8 
SD = 
116.1 

243.3 
SD = 
147.2 

Table 10. Average Activity Logs across Five Weeks 

 

5.5.1 Wondering about What Patina Means and Past Activities 

One common feature of commercial trackers is to provide an activity log 
using mobile and web applications. Unlike applications that show prompt 
changes in physical activity, the Patina Tracker became a reflection channel 
for detailed activity history as a supplement to the applications. 

The abstract and historical aspect of patina on the trackers provided 
summarized information about past activities in a subtle way. Right after 
the patina was first engraved on the tracker, the participants first became 
curious about which parts of the tracker were newly changed and what kinds 
of new patina patterns had appeared. Then, they tried to associate the patina 
with their past activities using mobile phones in the interview sessions: 
(While looking at Fitbit app) “Maybe this part is vacant because I did not 
sleep enough for working overtime” (F2, week 2). 
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During the interviews in the fourth–fifth weeks, several participants 
mentioned that they checked their activity through the mobile app or 
website less frequently, and their activity checking intervals got longer as 
they became used to tracking. In this situation, the patina tracker became a 
supplement for providing summarized information (Figure 31): “It became 
bothersome to check my activity log in the mobile app. In that sense, I like 
this patina because it expresses approximate lifestyle” (M3, week3); 
“Though it is difficult to figure out accurate information, this provides 
indirect proof of my activity like a growth ring” (F1, week3). Several 
participants said they did not need to check detailed information through 
the app or web because they were able to detect a general tendency even 
without them. For them, the patina was enough to check their general life 
cycle.  

Meanwhile, some participants mentioned the limits of the patina for 
delivering information. Although the patina could deliver information about 
how their activities had changed, they mentioned that it was not suitable to 
inform them about detailed changes such as distinction among days or 
weeks: “Because it is hard to figure out the visual difference as more and 
more patina is accumulated, it will not be good to understand my activities 
per day” (F2, week 2). 

 

Figure 31. Checking Patinas on a Tracker (M3, week2) 
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5.5.2 Feeling Pressure to Engrave an Aesthetic Patina 

The patina and patina engraving put persistent pressure on the participants 
to exercise and wear the tracker. I observed that the participants made an 
effort to engrave more aesthetic and meaningful patina patterns. In the 
system, as steps and active time increased, the zigzag shape in Zone-1 could 
be engraved thicker and clearer in the middle of the tracker, which the 
participants considered more aesthetic (Figure X, X). Consequently, 
participants were motivated to increase their exercising. Participants were 
conscious that the patina was indelible and the engraving affected the entire 
appearance of the tracker, and they mentioned that they tried to exercise 
more in daily life by walking a longer way, such as using stairs. In the case 
of F1, she thought that the patina that was engraved was ugly due to her 
short exercising time after the first patina engraving. The next week, she 
mentioned that she tried harder to work out for a more beautiful patina at 
the next engraving: “Because this tracker is directly affected by my loose 
activity and showing it physically, it makes me regret my insufficient 
exercising” (F1, week 3). 

While the physical presence of the patina put psychological pressure on the 
participants, patina engraving could be regarded as a reward for their 
activities. Some participants felt fulfillment from looking at how their 
patina accumulated on their tracker throughout the three weeks of patina 
engraving. Especially, based on the fact that the patina resulted from their 
physical activities, they perceived the aesthetically evolving patina as a 
reward for their efforts and time: “If I run longer, the patina will increase 
and become thicker, which will make me feel proud of my efforts” (M3, 
week 2); “I found myself working out harder to make thicker and prettier 
patina” (M5, week 3); “What about using this system in the gym? If people 
engrave patina after working out for a week, they would feel rewarded” (F2, 
week 3). 

Furthermore, I found that the patina engraving affected tracker wearing 
habits as well. Participants were concerned about the fact that if trackers are 
not worn constantly, the patina will be irrelevant to their general lifestyle: 
“Compared to other tracking devices, I tried harder to wear it regularly. 
This was because it is better to make patina that corresponds to me” (M4, 
week 2). 
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5.5.3 Having Spontaneous Co-located Interactions 

Existing tracking systems support online communication by posting an 
activity log in SNS, showing friends’ activity logs, providing chatting 
functions, and so on. However, in the study these functions were less 
frequently used at the end of the study compared to the first week. Most 
participants felt reluctant to reveal their activity history publicly. For them, 
it felt like self-flattery. In addition, they thought it was not worth making an 
additional effort to see others’ data, which demanded several more steps. 
Also, because they were already using other chatting platforms, they did not 
need to use that in the tracking application. Compared with the prevalent 
systems, the system is different in that activity information was shown in 
the physical world without using a virtual medium. Using this system, 
participants were able to reveal their activity history quietly in the physical 
world. Accordingly, I could observe that spontaneous interactions emerged 
in face-to-face situations. 

 Sharing and comparing within the participant group 

Within the group of participants who met frequently in daily life, the 
physical presence of patina allowed them to access other participants’ 
activity logs easily. They said that the Patina Tracker was suitable in 
situations when they exercised with sport club members in the gym without 
using mobile phones for accessing their activity log. Though the abstract 
shape of the patina made it difficult to recognize details at a glance, it 
induced them to compare other participants’ patinas with their own. F1, F2, 
and M4 mentioned that they envied M1’s tracker, and they were motivated 
and inspired by it. “When I met in the sport club in the second week, I found 
that Dave’s (M1’s) tracker was prettier than mine. And I wanted to make 
mine like his” (F1, week 2). In this way, participants shared other 
participants’ information about activities by a change in physical spaces. 

 Getting others’ attention and conversing about patinas 

I also observed that the social impacts on regular people who do not know 
the meaning of patina were unlike the social impact within the participant 
group. For them, the Patina Trackers attracted attention as an evolving 
accessory rather than a static one as the different patinas emerged 
periodically. M1 said that the normal trackers that were worn in the first 
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week before the patina engraving also attracted others’ attention. But he said 
that in that case, he could only talk about the functional features of the 
tracker rather than personal activities related to tracking. On the other hand, 
the Patina Tracker with accumulated patina enabled communication about 
the stories behind the patina and the user’s physical activities among people 
who did not know what the patina meant. In particular, participants could 
tell personal stories of events, growth, and achievement in their exercise or 
sleep: “My colleagues asked me why the patina changed. Then I explained 
about each part of the patina by associating the patina pattern with my daily 
activities” (M1, week 2). 

In addition, they mentioned that the abstract shape of the patina had an 
advantage of hiding private information from strangers: “For people who 
do not know this tracker, they will consider it as just a wristband. Rather 
than engraving numbers or graphs, this abstract shape of patina is proper 
not to give details of my life” (M4, week 4). They said they would not want 
to disclose their activity logs to strangers. 

 

5.5.4 Crafting a Symbolic Object that Holds One’s Own History 

All of the participants enjoyed the patina engraving process. They said the 
engraving provided a fun experience compared to normal tracking services. 
By actually allowing participants to engage with the patina engraving 
process, it promoted a sense of engagement: “I think this engraving is 
similar to stitching-up in the sense that the patina emerges as I walk more” 
(F1, week 4). 

However I could observe that their interest in engraving faded over time, 
whereas their interest in the trackers lasted longer. In the interview in the 
first week before the patina engraving, many said they would cherish their 
digital log more than the tracking devices. Nevertheless, through the patina 
engraving, they could feel attachment toward the trackers, which contained 
personalized patina patterns and unique appearances. Accordingly, 
participants considered the Patina Trackers symbolic objects rather than just 
pedometers: “If this tracker is lost and I have to get a new one without my 
patina, I would feel sorry about that” (M5, week 4). 

Meaningful attachment can emerge through the process of self-extension, 
where people attribute important aspects of their self to an object (Schutz-
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Kleine et al., 1995). In this system, the process of patina engraving helped 
users to customize the tracker based on their activity log, and it led to 
extending part of users in the tracker and constructing autobiographical 
values: “It (patina) is like my fingerprint. It is special in the fact that it 
shows who I am” (M2, week 4); “While patina makes my tracker prettier, 
at the same time it strengthens symbolic meanings that I am training hard 
or living life to the fullest” (F3, week 3). 

 

 

5.6 DESIGN IMPLICATIONS: PATINATION FOR 
DIGITAL DEVICES 

In the studies, the participants liked the patina engraving process that 
customized a tracker based on their history of activities, and they agreed 
that the patina contributed to making the tracker personally valuable. In the 
interview from the fifth week, I discussed the further possibility of 
improving the current system to make a more meaningful tracker and how 
to generalize this technique to other digital devices.  

 

5.6.1 Customizing Digital Traces for Making Personally 
Meaningful Patinas 

First of all, the selection of personally interesting types among diverse 
activity logs might contribute to making personalized trackers. For instance, 
M3 paid more attention to logs about sleep cycle and F1 was interested in 
her sedentary time. Also, the way activity logs are interpreted according to 
users’ different lifestyles may make more meaningful trackers. In the 
prototype system, the patina patterns were engraved longer or thicker in 
proportion to the absolute value of activity logs (steps, active time, calories, 
time in bed). However, even the same activity logs could be interpreted 
differently to provide meaningful information. For example, F3 wanted to 
engrave a patina based only on the log of a specific day of the week when 
she exercises regularly. If users are able to set the scope of the activity log, 
such as with specific days or time slots per day, and the system only utilized 
these to engrave the patina, the tracker with patina patterns might be able to 
show more personal stories about their lives and deliver more useful 
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information.  

Moreover, because people have different levels of goals in activity tracking, 
the patina might need to be engraved differently to meet their needs. For 
one person, walking 10,000 steps might be enough per day, while 10,000 
steps might be insufficient for others. If the patina is engraved in proportion 
to the individual goals that users set, the users might be able to feel 
fulfillment or reflect on a lack of activities.  

Because activity trackers are just one type of digital device, it is difficult to 
generalize the results of this study. Still, it is necessary to consider what the 
purpose of using a certain device is and select the proper type of digital 
traces in a way that supports users’ needs. Also, when materializing patina, 
it is necessary to allow the users to select digital traces that are related to 
personally important activities, moments or persons. Then, the users may 
easily attach value to the materialized patina. 

 

5.6.2 Using Patination for Sustained Use of Digital Devices 

Sustained engagement with digital devices is necessary for avoiding 
environmental problems and maximizing the effectiveness of digital 
devices. Since activity trackers are designed to be used over a long period, 
designing a strategy to ensure sustained engagement is the key to their 
success.  

According to Fogg, a user needs to experience a feeling of progress toward 
defined goals to achieve sustained engagement in activity trackers (B J Fogg, 
2009; Brian J Fogg, 2002). He mentioned that the feeling of success that 
comes from achieving several smaller goals provides the positive 
momentum necessary for achieving bigger goals. In that sense, though 
Patina Trackers could summarize how participants’ activities changed over 
time, they had limitations regarding their ability to maintain users’ interest 
and show their progress. Thus, it is necessary to consider ways of utilizing 
patina to motivate users in the long term. During the interviews, one of the 
frequently mentioned solutions for sustained use of activity trackers was to 
strengthen the impact of patina as a reward for completing small goals. For 
instance, it would be possible to engrave patina in special shapes when 
achieving a 100 km distance or accomplishing 20,000 steps in a day. M5 
said that patina might be engraved in such a way that a specific image 
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becomes clearer gradually, which might provide a feeling of completion in 
the end. In this way, people would be able to gain the momentum necessary 
to progress. For other digital devices, digital patination might be designed 
to provide patinas to users as a reward for personal achievement or 
meaningful events. 

The issue of sustained use is also related to the method of attracting users’ 
continuous participation. Because the digital patination process requires 
additional efforts of users, they may feel burdened by the process. Thus, 
designers should consider how to embed patination in the context of general 
product use. For example, it might be possible to embed the patination 
mechanism in a battery charger so that the user can make patina while a 
digital device is being charged. 

 

5.6.3 Adjusting the Social Translucence of Patina 

Erickson and Kellogg argued the need for social translucence in the digital 
domain (Erickson & Kellogg, 2000). As translucent property in the physical 
world supports graceful human-human communication in face-to-face 
situations, socially translucent systems can make users structure social 
interactions with each other and carry on coherent discussions. They 
worried that neither of these dimensions of social translucence is a given in 
the digital domain. In that sense, the system supported social translucence 
by engraving physical patina based on a digital activity log. By allowing 
users to see others’ trackers and their engraved patinas and to make 
inferences about their physical activities, the system extended the space of 
social interaction from the digital environment into the physical 
environment. 

Considering the social translucence of the Patina Tracker and its effect, I 
could find further opportunities to develop the Patina Engraving System 
focusing on co-located physical activity. One of the significant values of the 
Patina Tracker is that it allows social communication in physical space. 
During the last interview about improvement of the system, several 
comments were about providing it for a specific group of users. For instance, 
M4 and M5 mentioned that patina could be engraved using both group and 
individual data, such as the amount of time when they exercise together to 
compare the group’s activity level with each individual’s level. Likewise, if 
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I used this system for a specific group activity, the patina on trackers could 
act as an emblem of the group and accordingly might strengthen kinship 
and support sustained group activities.  

However, it is still necessary to further explore suitable types of information 
that patina would provide as well as the degree of social translucence. In the 
study, the Patina Engraving System visualized steps, active time, activity 
calories and time in bed in the abstract shape of the patina. Though the 
participants mentioned that the visualization in the study was fine to display 
to the public, they said that they would have hated it if the visualization 
showed details such as how much time was spent on an activity. For 
example, if the tracker were too obvious, a user might feel shame about the 
lack of exercising and worry about his/her privacy. Because the patina 
would be open to everyone, including strangers, this highlights the need to 
tailor types of information that the patina provides and the degree of 
translucence based on the sensibilities and privacy concerns of the user. 
Besides the case of activity trackers, the user’s history of using certain 
digital devices may be sensitive. For this reason, the form of patinas should 
be carefully designed not to deliver information that is too detailed. 

 

 

5.7 SUMMARY AND ISSUED TO BE IDENTIFIED 
In this chapter, I investigated how to use digital and material traces of digital 
devices for creating an emotionally durable experience focusing on activity 
trackers. As a design approach, I presented digital patination for activity 
trackers by materializing a digital trace on the surface of trackers to 
overcome their current limits. By developing the Patina Engraving System 
(Patina Engraver and Patina Tracker), the design method was concretized 
and evaluated. With the deployment of the Patina Engraving System 
through an “in the wild” study, I explored how participants’ activity-
tracking experience could be affected through patina engraving. During the 
field trial, I found that the patination motivated the participants to exercise 
more in order to engrave aesthetic patinas. A tracker with patina triggered 
spontaneous social interactions in face-to-face situations. The participants 
also cherished the trackers that held their own history. Based on the field 
trial, I discussed design implications for utilizing patina in designing future 
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fashionable technologies. I expect this research to inspire designs for 
diverse tracking devices and services, as well as general fashion and product 
designs. 

Based on the study, I could confirm some issues to be identified further. 
First, in this chapter, I focused on digital devices as the target domain. 
Because digital devices can internally generate digital traces of product use, 
I could use such digital traces as the source of patina. So, how can we gather 
digital traces of regular analog artifacts? When it came to creating a 
mimicked form of patina by using a stippling mechanism, some participants 
doubted that the form would be appropriate for aesthetics. How can we 
design other form of patinas while keeping the characteristics of patinas 
regarding their abstract and gradually growing form? Because the Patina 
Engraver automatically transformed users’ activity logs of 3-4 days into 
patinas, users’ participation was limited. What might happen if the system 
supports more active participation of users? And what parts of the system 
should be considered more? In the following chapter, I designed a patination 
system for analog artifacts that supports higher levels of user participation 
in order to answer these questions. 
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Chapter 6. Digital Patination for Analog 
Artifacts 

 

Focus of this chapter 

The traditional way of using patinas in analog objects has some limitations 
regarding uncontrollable and unpredictable patination mechanism and lack 
of information about histories in patinas. Thus, I investigate improvements 
of traditional patination in analog artifacts by combining digital 
technologies. Based on the result of chapter 5, I combined computational 
design to give more refined shape to patinas. Also, unlike the design of 
Patina Engraver, I investigate a patination system that allows active user 
participation from designing patina patterns to tracing them. To concretize 
the design considerations and to explore the possibilities of digital 
patination, I focused on the context of bicycling. Thus, I present digital 
patination by materializing a digital trace from an external mobile 
application on the surface of analog artifacts. The design method is 
concretized and evaluated through the development of Trace-Marker. 

 

6.1 NEED OF PATINATION FOR ANALOG 
ARTIFACTS: FOCUSING ON BICYCLING CONTEXT 

Artists and designers often deliberately use patinas for analog objects as 
design resources for constructing aesthetic surfaces and for lending 
credibility or giving a warm feeling to an object (DeSilvey, 2006; Zancheti 
et al., 2006). Besides their aesthetics, patinas are valued for the ways in 
which they evoke the lived past (Erlhoff & Marshall, 2008). For example, 
for patinas on everyday products, such as denim jeans or antique furniture, 
the process of patina generation relies on the use of the product over time. 
Therefore, products exhibiting clear traces of use betray some 
characteristics of the users and how often, when, and in which ways they 
were used. However, the traditional way of using patinas in analog objects 
has some limitations. Firstly, because patinas are generated through 
physical or chemical processes, the form is accordingly uncontrollable and 
unpredictable by designers. Also, while they may remind people of events 
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or persons from their past, the information is generally abstract and vague. 
Third, because the technique was developed for artistic works, it may not 
be appropriate in the context of product use. 

Thus, in this chapter, I tried to compensate the defect of traditional 
patination in analog artifacts by using digital technologies to enrich the 
symbolic meaning of a product. To concretize the design considerations and 
to explore the possibilities of digital patination, I focused on the context of 
bicycling. The first reason I focused on bicycling is that a bicycle and 
bicycling accessories are now regarded as lifestyle accessories—
expressions of an individual. Accordingly, it is common to see heavily 
customized bicycles, such as ones with special seats or handlebar designs. 
Bicycle accessories, such as bags, helmets, and gloves, have become 
popular among enthusiasts, who often spend more on clothing and fixtures 
than they do on bicycles. Regarding such customers’ needs, I concluded that 
the bicycling context would be appropriate for applying digital patination 
and studying impacts on user-product relationship and symbolic meanings 
related to personal identity, aesthetics, and social communication. The 
second reason I focused on bicycling is that many riders frequently use 
tracking applications, such as Strava (“Strava,” 2009), MapMyRide 
(“MapMyRide,” 2007), and MyTracks (“MyTracks,” 2009), that record 
riding history. These applications all record a GPS-based route, cycling 
duration, distance, pace, and calories burned. Such digital traces could be 
utilized as sources of patination for modifying bicycle accessories. 
Considering riders’ desire for self-expression and their practice of recording 
their histories, I tried to develop a patination system for bicycle accessories, 
particularly bicycle bags.  

As an exemplar, I present Trace-Marker, a system for digital patination that 
engraves patina-like patterns on a bicycle bag based on a user’s bicycle-
riding history, which is digitally recorded. I conducted a field trial with 10 
participants for three weeks to learn the impact of digital patination. 

 

 

6.2 ITERATIVE PROTOTYPING PROCESS 
While exploring and developing a system that enables digital patination for 
an analog artifact, I have considered the four design aspects of digital 
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patination based on the results and discussion from the previous chapter. 

 The source of the patina: As the source of patina, I selected bicycling 
history data that people can gather easily using mobile applications. 
Although bicycle accessories cannot gather data by themselves, the 
users’ history with the artifact can be gathered with the help of external 
application systems. 

 The tracing moment: I devised a system that allows users to make 
patinas on their bags during the product use stage. Rather than 
completing patination at once, users can add patinas at one-week 
intervals. 

 The form of the patina: By considering the participants’ comments on 
aesthetics of mimicked forms, I combined computational design to give 
a shape to digital traces. According to predesigned algorithms, digital 
traces about bicycling is mapped to specific parts of a geometrical form 
of a patina pattern. 

 User participation in tracing: Unlike the Patina Engraver, this system 
was designed for a higher level of user participation. Trace-Marker 
allows active user participation from tracing to designing. Users can 
select a source of patina among collected digital traces and participate 
in the design process by editing the form of patina. 

In what follows, I explain the process of exploring mechanisms and visual 
patterns for generating computationally refined patinas. Also, I describe the 
exploration on how to allow users’ active participation in digital pationation. 

 

6.2.1 Mechanism and Materials for Engraving Computationally 
Refined Patinas 

Some participants in previous study with Patina Engraver explained that a 
stippling mechanism would be inappropriate for aesthetics. For this reason, 
I tested laser engraving for making patinas by considering richness of 
effects, possibility of gradual visualization, and visualizing time. Then, I 

Figure 32. Engraving on Artificial and Natural Leather 
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compared several materials to determine whether they were appropriate for 
engraving with a 405 nm blue-violet laser beam (which is relatively safe) 
and whether the engraved material traces were aesthetic. From the test, I 
found that the engraved lines were more aesthetic on natural leather than 
other materials, such as artificial fabrics (Figure 32). From these trials, I 
could identify an appropriate intensity for the laser that would be safe and 
suitable for engraving on fabric or leather. 

 

6.2.2 Variations of Computationally Refined Form 

Because I focused on the bicycling context, I explored a number of forms 
that could be generated by mapping GPS route data (Figure 33). In the 
process, first, I selected (i) the types of riding history data that would be 
sources for pattern generation. Of the various types of riding logs, I chose 
latitude, longitude, elevation, speed, date, and total distance—the types of 
information that people generally want to know when using tracking 
systems. Next, I explored (ii) the overall styles and shapes of the patterns 
by mapping each set of riding data types onto certain parts of a pattern. 

Figure 33. Variations of Form and Initial Interface 
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Specifically, latitude and longitude were mapped to form a pattern’s 
skeleton. Other types of history data were mapped differently to improve 
the aesthetics of a pattern style. Finally, I considered (iii) the time required 
for engraving a pattern. Considering the context of riding, only the vector 
mode of laser engraving was used; this mode takes a considerably shorter 
time to engrave than the raster mode does. I also evaluated noticeability, the 
possible number of modifications, and visual aesthetics when deciding on 
the pattern types. 

 

6.2.3 Supporting User Participation in Patination 

Natural patinas are accumulated smoothly in the trajectory of product usage. 
Even when users deliberately make material traces on a product, the process 
is typically short and does not disturb the original product usage. However, 
since most current personalization systems require several pieces of 
equipment and software programs for modeling and construction, these 
systems may disturb users’ experiences with the product and make it 
difficult to personalize products. To embed a digital patination system 
smoothly within the context of product usage, it might be important to 
simplify the operation process of user participation. For this reason, I 
conceived a system that covers the entire process from design to 
construction. I sought to modify a product quickly and easily by integrating 
the design and construction parts in a single system. Since the system would 
be installed in a context in which the product would be used, I had to 
consider a form factor that harmonized with the product’s usage 
environment. 

Also, I explored what kinds of functions should be supported in the interface 
for the users to make more meaningful patinas. For instance, in the previous 
study with Patina Engraver, some participants mentioned that they wanted 
to show patinas reflecting certain periods when they exercised harder. 
Others mentioned the need for diverse styles of patina. During the iterative 
prototyping process, I tried to develop an interface that would allow users 
to actively select and edit patinas to enhance the product’s emotional values. 
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6.3 DESIGNED SYSTEM: TRACE-MARKER  

To explore the impact and possibility of digital patination, I developed 
Trace-Marker, a laser-based patination system that supports the 
accumulation of aesthetic patterns on bicycle bags based on users’ riding 
histories (Figure 34). Based on design considerations, the hardware part was 
designed for supporting progressive modifications during the product use 
stage. I also simplified the operation process by integrating the interface for 
design and construction part. Regarding the software, I digitally recorded 
bicycling histories and utilized them as sources of digital patination. 

 

6.3.1 System Overview and Walkthrough  

To enable digital patination on bicycle accessories based on riding history, 
users’ history data are periodically uploaded from users’ mobile phone 
applications and saved to the local computer for Trace-Marker (Figure 35). 
To engrave a pattern, a user inserts the bag or another product in the drawer 
of Trace-Marker. The user logs into the system, which loads his or her riding 

Figure 34. Trace-Marker 
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histories and analyzes them to generate a visual pattern. In the interface, the 
user edits and positions the pattern while looking through the interactive 
transparent display. Finally, the system engraves the pattern on the product 
placed in the drawer. This system is distinct from existing fabrication 
systems because it aims to integrate the whole user experience of retrieving 
history from the tracking application, visually editing directly on a product, 
and live tracing.  

 

6.3.2 Hardware Implementation 

To implement the hardware for Trace-Marker, I considered how to support 
progressive patination during product usage and how to simplify the process 
in the context of product use. Thus, the hardware was designed to include 
three layers of parts (Figure 36): a system interface layer (consisting of a 
transparent display and a touch panel), a laser plotter, and a drawer. The 
height of Trace-Marker was set at waist level (700 mm) so that adult users 
could control the interface from a standing position. I made the hardware of 
Trace-Marker similar to other home furniture, aiming for a situation in 
which this system would be installed in a public space or a home 
environment. 

Figure 35. Trace-Marker System Walkthrough 



 

107 

The bottom part of Trace-Marker was designed as a drawer so that users 
could engrave on a variety of everyday objects with different heights, such 
as bicycle bags, caps or mobile phones. To keep a consistent distance from 
the laser diode, the drawer could be inserted at different heights. 

The top of Trace-Marker is made of a transparent display and a touch panel. 
The see-through interface supports users’ progressive designs and the 
construction process. The users could generate visual patterns for trace 
engraving while watching modeled patterns displayed above the real 
product. I added a laser-stylus pen for touch input and to guide the position 
of the pattern that was to be plotted on the bag.  

When a user executed a laser engraving command in the interface, a laser 
plotter under the interface layer shot a 405 nm blue-violet laser beam. The 
maximum work area was about 330 mm by 330 mm, and accuracy was 0.1 
mm. The intensity of the laser was adjusted to be safe and suitable for 
engraving fabric or leather. The users were required to wear safety glasses 
while using the laser. 

In addition, I made bicycle bags out of leather. After exploring several 
materials, I chose natural leather because the engraved lines were more 

Figure 36. Trace-Marker Hardware 
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aesthetic than they were for other materials, such as artificial fabrics. The 
bag was made to be a suitable size for carrying a few bicycle items, such as 
a water bottle and a wallet. 

 

6.3.3 Software Implementation 

While implementing the system’s software in the Java environment, I 
mainly considered how to utilize the digital trace of product use (e.g., 
bicycling history data) as a source of design so as to transform that digital 
trace into abstract but aesthetic patterns. 

 

6.3.3.1 Visual Pattern Design 

To generate a visual pattern, I used history data from My Tracks or Strava. 
These applications generated history data in a format such as GPX (a data 
format used for GPS navigation devices) or CSV (comma-separated values) 
that suited my system. Trace-Marker automatically transformed the users’ 
riding histories onto abstract patterns by mapping each data type to 
predefined pattern-generation templates. The method for generating visual 
patterns was decided through several phases of exploration. 

Finally, the system included two styles of visual patterns (Figures 37 and 
38): ribbon and metro. In both styles, latitude and longitude data were used 
to draw an overall skeleton of a pattern. In the ribbon style, elevation and 
speed were mapped to the width and height of a rectangle. In the metro style, 
the overall shape was simplified using nodes and connected lines. As 
elevation increased, more circles were added at each node. To express the 
moving speed and direction, arrows were added in the connection lines. 
Lastly, to provide identity information for the pattern, total distance and date 
numbers were included in both styles. 
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6.3.3.2 User Interface 

Five menus were implemented in the interface: 1) Load a personal bicycling 
history, 2) Select a visual style, 3) Edit a pattern, 4) Transform (change a 
pattern’s position and size), and 5) Engrave (Figure 39). 

To start patination, users selected and loaded their bicycling histories. Then, 

Figure 38. Pattern Styles: (a) Basic Line, (b) Ribbon Style, (c) Metro Style 

Figure 37. Examples of Bags Personalized with Ribbon Style and Metro 
Style 
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the GPS route was drawn on the display from the data. Users selected a 
visual style based on the GPS route and other history data. In the Edit menu, 
users cropped the route and adjusted the complexity and density of the 
pattern. The size and position buttons allowed the users to change the size 
and position of a pattern. This was done while viewing the pattern on the 
bag through the transparent display. The laser pointing stylus could be used 
to check the plotting position of a pattern on the bag. When the engraving 
process was executed, the system sent G-codes to the laser plotter, which 
was controlled by an Arduino board. The plotter controlled the stepper 
motors and the laser diode according to the user-defined pattern. 

 
 

6.4 FIELD TRIAL 
I conducted a field study to understand not only the usability of the digital 
patination system but also the impacts of the system on users’ experiences. 
Specifically, I expected to determine how digital patination would be 
embedded in the context of product use. I also wanted to find out how digital 
patination could be used for attaching participants’ personal meanings to the 
personalized products.  

I expected the users to need a certain amount of time to become accustomed 
to using the Trace-Marker system. Thus, I had 10 participants use Trace-
Marker for three weeks. The sample size and the length of the field trial 

Figure 39. Interface: Selecting Menus and Estimating the Position of 
Patterns with the Laser Pointing Stylus 
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were determined from a previous study (Brown et al., 2011) that discussed 
field trial methods. Given the exploratory nature of my design work, I 
focused on gathering a rich set of opinions rather than quantitative findings 
and aimed to encourage reflective thinking about the personalization 
approach and personalized products. 

 

6.4.1 Participants 

I recruited 10 participants (6 male and 4 female, ages ranging from 19 to 29 
years, M = 25.1, SD = 3.4) who rode a bicycle regularly and who were 
interested in DIY culture. Their past experiences in tracking their bicycling 
were also considered in the recruitment phase. To reduce the novelty of 
activity logging itself, only people who had previous experience recording 
some sort of physical activity using mobile applications (e.g., Strava or 
MyTracks) or other relevant devices (“Garmin Edge,” 2010) were selected. 
Throughout the paper I refer to each participant using gender and the week 
of the interview session (e.g., M5, week 3). All participants periodically 
rode a bicycle for exercise, as a hobby, or to commute. Five of the 
participants partook in bicycle clubs and rode for long distances every week 
(more than 100 kilometers): M1, M2, M3, M6, and F3. In addition, four 
participants (M2, M5, M6, and F3) had experience customizing their 
bicycles. 

 

6.4.2 Study Process and Method 
During the field trial, one preliminary interview session and three main 
sessions—including an interview and a personalization process—were 
conducted. To minimize the participants’ burden, Trace-Marker was 
installed in a building that the participants could reach within 10 minutes 
by foot (Figure 40). The interview sessions were conducted right after they 
used the system. 

The preliminary interview session included questions related to the 
participants’ biographies, their normal practices while riding a bicycle, and 
their views of activity tracking. In this session, I provided a bicycle bag and 
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asked participants to check on or set up their cycling applications. I 
explained how to export their riding history data periodically to the local 
computer for use with Trace-Marker. 

Once per week for three weeks, the participants visited my research team to 
use Trace-Marker and to participate in an hour-long interview session. 
Before each interview, they could engrave one or two patterns. During each 
interview, I asked questions about the impact that the digital patination had 
on their experiences and the functional, emotional, and symbolic aspects of 
Trace-Marker and the modified bags. Additionally, in the third week, I also 
asked about the possibility of applying digital patination to diverse products 
and service contexts after conducting a design workshop with the 
participants. 

 

6.4.3 Data Collection and Analysis Method 

I analyzed the results based on observations regarding the participants’ use 
of the system and on the weekly interviews. The weekly photos of the 
participants’ bicycle bags and their riding histories were used to identify the 
detailed situations that the users mentioned in their interviews. A total of 20 
hours of interviews were audio-recorded and transcribed. My research team 
categorized the data from the interview transcriptions and contextual data, 
including bicycling data and photos of the participants’ bags, through 
iterative analytic induction. During the analysis, I considered the novelty 
effects and tried to find unexpected uses (Brown et al., 2011). 

 

Figure 40. Example Participant (M3) and Personalization Task 
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6.5 FINDINGS 

The participants positively received the idea of personalizing bicycle bags 
by using their bicycling histories. Though most participants were concerned 
that they would need professional design knowledge before using the 
system, all participants were able to easily select history data, edit a visual 
pattern, and place the pattern as they wanted, even in the first week. Three 
participants (M2, M6, and F3) who had previous experience using 
professional fabrication systems mentioned that the Trace-Marker was less 
costly and burdensome than existing fabrication systems that require 
separate design software and fabrication equipment. The participants noted 
that the interface in which they could design patterns above real bags was 
useful to predict the outcome so that they could be assured of their designs: 
“Unlike existing fabrication systems, this system supports design right over 
real objects, so I could feel confident in my design decision” (M2, week 2). 
In addition, the participants enjoyed watching the process of personalization. 
Overall, the process of designing a pattern for a bag took less than five 
minutes. Depending on the size and density of the pattern, engraving took 
five to twenty minutes. Due to the irregular surface height of the bags, the 
patterns were engraved with different degrees of vividness.  

In the following section, I explain how Trace-Marker was used for 
personalizing bicycle bags over the course of three weeks and the way in 
which the system was embedded in the context of bicycle riders while 
attaching personal meanings to the bicycle bags. 

 

Figure 41. Participants' Bicycle Bags after Pattern Engraving 3–5 Times 
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6.5.1 Progressive Personalization for Expressing Personal 
Stories and Identities 

During the field study, I observed that participants’ bicycle bags became 
varied after three to five uses of the system (Figure 41). According to 
participants’ riding histories and aesthetic preferences, all participants’ bags 
became visually distinguishable by the last week. I found that, from the first 
patination, participants established criteria about what kinds of patterns 
would be accumulated and how they would place patterns on the bag. 
Through the process of accumulating patterns, participants could gradually 
add personal stories and identities about bicycling to their bags. 

 Engraving a pattern: similar to keeping a diary 

It was common for my participants to select history data that represented 
their daily cycling lifestyle. For example, M4 and F2, who ride bicycles for 
transportation, mentioned that they selected histories that were related to 
their frequently visited commuting routes: “I want to use this system like a 
diary, so I engraved with the history that shows my commute from my home 
to my office or from my home to frequently visited markets etc.” (M4, week 
2). Sometimes, participants chose a history that recorded an unexpected or 
unusual event. “One day, I fell off my bicycle and chafed my knee, and 
visited a hospital. This pattern exactly shows the story. This crumpled part 
is when I got injured” (M2, week 1). 

During the participants’ three to five times using Trace-Marker, some tried 
to build a single big pattern that showed a personally meaningful story by 
combining individual patterns. They arranged each pattern like the pieces 
of a puzzle. For example, F2 tried to place patterns related to a frequently 
visited location, making a map over her bag: “I wanted to complete a map 
that shows my daily routine with my bicycle. At the center of my bag, I 
placed this pattern that shows the way from my home to my office, and the 
right pattern is the way to my favorite restaurant” (F2, week 3). In this way, 
she tried to modify her bag to represent her life. 

 Engraving a pattern to show off 

Some participants (M1, M2, M3, M5, and M6) who ride mainly as a hobby 
or exercise activity selected histories that represented challenges and 
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accomplishments. Thus, they tried to engrave patterns that showed how fast 
and how far they had ridden or how high they had climbed: “I rode a 
mountain bike last week, which was really tough. I wanted to engrave this 
ribbon pattern since it shows the elevation clearly” (M5, week 1), “This 
week I tried to ride at the speed of 30 kilometers per hour, which is difficult 
for amateur riders. This history is chosen to show off my progress” (M6, 
week 1). Throughout several pattern engravings, the participants tried to 
make bags that represented their identities as avid cyclists: “This week, I 
rode much farther than usual, so I placed this pattern above the pattern 
based on my usual riding. Like this, this bag will show how hard I ride” 
(M5, week 2). The participants mentioned that their bags’ patterns felt like 
rewards.  

Likewise, I found that most participants tried to place each pattern so that 
the accumulated patterns would represent their bicycling experience and 
symbolize their identities and lifestyles. At the same time, because the 
patterns might be shown to others, participants considered aesthetics and 
harmony with the patterns previously engraved on the bag. 

 

6.5.2 Embracing Patination as Part of Product Experience 

I investigated whether Trace-Marker was smoothly embedded in the context 
of bicycle riders. During the study, I found that the system let participants 
reflect on their past experience and even affected their bicycling habits. 

 Stimulating reflection on past experiences 

In general, the participants became curious about the patterns and tried to 
associate the patinas with their past experiences after engraving a new 
pattern. The participants mentioned that the mobile application was suitable 
for checking the accuracy of numerical values, such as average speed or 
calories burned. On the other hand, the abstract aspect of the patina-like 
patterns caused participants to interpret and question the shape of the 
patterns and their past experiences: “(While looking at the engraved pattern) 
I think this part shows when I climbed up the hill. That’s why the ribbon is 
getting wider” (M5, week 1). In this way, I observed that Trace-Marker 
stimulated reflection and enabled past experiences to be seen from unusual 
perspectives. 
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 Influencing users’ behaviors 

Trace-Marker was developed to progressively modify bicycle bags based 
on past histories of bicycling. While I expected that only past bicycle usage 
would influence the patination on the bags, I observed that the system also 
influenced how the participants used their bicycles. 

First, the participants tried to record riding histories regularly because they 
wanted to accumulate patterns that showed their general lives or special 
events. For instance, F4 was concerned that if she did not constantly record 
her history, the patina pattern would be irrelevant to her general lifestyle: 
“Usually I do not use tracking applications, but I tried to record my riding 
experience regularly because it is better to make patterns which correspond 
to me” (F4, week 2). Moreover, participants were motivated to take a 
different route or to increase the frequency of cycling to engrave more 
diverse and more aesthetic patterns on the bags: “Usually I take a linear 
route from home to the park, but this week I rode in a circular route for 
making a circular and aesthetic pattern” (M1, week 2); “Since a bicycle is 
just transportation for me, I do not usually go to special places, but, to make 
diverse shapes of patterns, I went home another way” (F1, week 3). In this 
way, participants embraced the patination process as a part of their bicycling 
and even changed their ways of riding. 

 

6.5.3 Strengthening the Emotional Bond with Products 

Distinct from other fabrication research, which mainly reports excitement 
regarding custom products, my study revealed the impact of digital 
patination on emotional bonds with products. Comparing the participants’ 
perceptions of the bicycle bag during the first week and the last week (after 
modifying it several times), I observed that their emotional bonds with the 
bags became stronger: “Though other participants’ bags may look nicer, I 
will prefer my bag. It is like a part of me.”(M3, week 3). During the 
interviews, the participants described two reasons for forming such 
emotional bonds. 

 Users’ involvement in personalizing a product 

Participants said that their involvement in the design process made their 
bicycle bags more meaningful. They felt engaged in the process of selecting 
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histories and personalizing their bags with new patterns: “Even if I assemble 
IKEA furniture, it will end up just like others’ furniture. Though I do not 
make a product, this system supports my design, which leads to more unique 
products” (M4, week 3).  

Involvement in making a product gives a person a greater stake in it and a 
deeper connection with it (Ingold, 2013). In my study, though the main 
function of Trace-Marker was not to create a new product, the participants 
felt as though they were directly involved in creating one-of-a-kind products 
because planning a pattern and modifying a bag required effort and personal 
decisions: “If I build my house, I will just make a blueprint about my house 
rather than piling up bricks. This system is close to making a blueprint of a 
product. Making all parts of a product costs too much.” (M3, week 3). 

 Formation of memories anchored in a product itself 

Furthermore, most of the participants felt that the uniqueness of each bag 
was enhanced by the fact that the accumulated patterns were based on their 
past experiences: “Rather than just selecting predefined patterns, these 
patterns are generated from my one-of-a-kind experience. It would be 
impossible to generate the same patterns” (M4, week 3). In addition to this 
uniqueness, during the last week of the field study, the participants said that 
their bags reminded them of their lives or their efforts in bicycling. They 
liked that material traces in the bag would last longer than the digital traces 
from mobile applications. They also mentioned that the permanently 
engraved patterns, similar to natural patinas, enhanced the historical value 
of their bags: “Since the patterns on my bag had changed along with my 
experiences, it feels like a growth ring” (F1, week 2). 

Since the bag could become a convenient way in which to view oneself, it 
could have a strong symbolic meaning that would not be replaced by other 
bags. In general, product-related memories develop independent of a 
product’s design and manufacture and are, thus, difficult for designers to 
influence (Mugge, Schoormans, & Schifferstein, 2005). However, in this 
study I observed the possibility of digital patination for embedding users’ 
memories about their meaningful experience into a product. 
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6.6 DESIGN IMPLICATIONS: PATINATION FOR 
ANALOG ARTIFACTS 

In this chapter, I found that digital patination based on history of bicycle 
journey helped participants to add personal stories and identities to their 
bags. Participants embraced the patination process as part of their product 
use. This result implies that digital patination has potential as alternative 
design approach for enhancing the emotional and symbolic meanings of a 
product as a self-expressive possession. In the following, I describe how 
digital patination can be applied in wider contexts and domains. In the 
design workshop conducted during the last week of the field study, I asked 
participants to select one of their possessions and to design a pattern on that 
possession by mapping history-related data, as Trace-Marker did. Though 
Trace-Marker was applied for modifying bicycle bags, participants desired 
to use the system on their bicycles and other items such as a cycling cap, a 
smart phone, a skateboard, shoes or a pair of headphones. Combining the 
results of field study and the design workshop, I explain design implications 
to improve the design of digital patination. 

 

6.6.1 Tailoring Digital Traces for Enhancing Symbolic 
Meanings 

The digital patination process utilizes digital traces from users’ product-
related experiences to arrange material traces in a pattern. To enhance the 
emotional qualities, such as symbolic meanings about the users, it is 
important to consider the association among the type of digital traces and 
the users’ experiences with their products. For instance, M1 mentioned that, 
for headphones, history data about a frequently played song or a favorite 
genre or artist would be proper for making patterns. M6 said that he wanted 
to modify skateboards based on history data related to his skill progress: 
“When I ride my skateboard, the location or speed is not important. I want 
to accumulate patterns that show the techniques that I perform, such as flips, 
jumps and the level of tricks” (M6, week 3). In this way, it is necessary for 
designers to select the proper types of digital traces and tailor them to 
symbolize users’ unique and important experiences with the products. It 
would also be possible to help users freely select and edit digital traces to 
highlight some of their histories.  
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6.6.2 Balancing Automation and User Involvement 

As participants became adapted to my system over the course of three weeks, 
they expressed different desires about the system’s automation and user 
involvement. For example, M5 and F1, who had little experience in design, 
mentioned that they hesitated to execute engravings because of uncertainty 
about their knowledge of aesthetics. On the other hand, M6 and F3, who 
had more experience in designing and DIY practices, expressed a desire for 
detailed involvement. They wanted to change the shape of the patterns and 
map certain data to a specific part of a pattern. 

In general, commercial product personalization services allow people to 
create a product by selecting components from a predefined set of options. 
Norman said that these services are better at making personalization easy, 
but they do not directly guarantee emotional bonding (Norman, 2005). That 
is mainly because the services require little physical or mental effort. 
Meanwhile, more effortful product personalization might have a downside 
as well. As the effort invested increases, so does the perceived complexity 
of the task and, consequently, the possibility that people become confused 
(Dellaert & Stremersch, 2005).  

Therefore, users with different levels of proficiency could be offered 
separate interfaces in digital patination. For novice users, the system could 
automatically generate a pattern and place it according to predefined 
templates. It might also provide examples or recommendations about how 
the patterns could be aesthetically placed. For more experienced users, a 
parameter-based interface (Nurkka & Jumisko-Pyykkö, 2014) could allow 
them to directly define and modify details of the patterns and the 
modification mechanism. With a high level of involvement, these users 
might be able to make more personalized products that could become clear 
memory cues. 

 

6.6.3 Technical Improvements for Supporting User 
Participation 

 

6.6.3.1 Calibrating Patination Mechanism 

To support the progressive patination on diverse products including 3D 
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objects, the system could be developed to detect the dimensions and 
materials of a product. During the field trial, I found that the forms of the 
participants’ bicycle bags changed through long-term use; this 
inconsistency caused different engraving effects. The intensity of the laser 
diode also had to be adjusted according to the varying solidity of the product 
materials. Thus, 3D scanning technology or other visual sensing 
technologies would be helpful to self-calibrate the fabrication mechanism 
after detecting the current status of the inserted products (Gannon, 
Grossman, & Fitzmaurice, 2015; Saakes et al., 2013; Sitthi-Amorn et al., 
2015). 

 

6.6.3.2 Improving a Parallax in the Interface Layer  

In the current system, I used a transparent display and touch panel to 
simplify the design and construction processes. The advantage of such an 
interface was that participants could predict the outcome before executing 
the construction of the product, thus creating certainty about the decision. 
However, the space between the image on the transparent display and the 
actual product (which was 200 mm) created a parallax and sometimes 
caused inaccurate engraving. Though participants moved their head to 
watch the interface and the bag vertically, their view from above the display 
did not perfectly match the position of the bag. For this reason, the 
participants had difficulty placing patterns in the desired positions. To solve 
this problem, it might be possible to automatically adjust the position of the 
patterns in the display by detecting the angle between users’ eyes and the 
position of the products. Users might then be able to implement a more 
accurate design on the product. 

 

 

6.7 SUMMARY AND LESSONS 
The motivation for conducting this study was to apply digital patination for 
analog artifacts that contain a symbolic means of self-expression. I 
developed Trace-Marker, which was specialized in the bicycling context, to 
investigate the impacts of digital patination. With the deployment of this 
system, I found that the process of accumulating patina-like traces helped 
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the study participants to add personal stories and identities to their bags. 
Also, the use of Trace-Marker stimulated reflection and enabled past 
experiences to be seen from unusual perspectives. The participants’ 
emotional bonds with the bags also became stronger. I expect this research 
to inspire diverse product personalization services and general fashion and 
product designs. 
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7. Discussion 

7.1 Reflection on the Impacts of Digital Patination 

7.2 Design Implications for Generalizing Digital 
Patination 

7.3 Limitations and Further Issues to be Indentified 
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Chapter 7. Discussion 
 

 

Focus of this chapter 

In the studies using Patina Engraver and Trace-Marker, I found that the 
process of accumulating patina-like traces helped participants to add 
personal stories and identities to their artifacts. Also, the digitally generated 
patinas stimulated reflection and enabled past experiences to be seen from 
unusual perspectives. The participants’ emotional bonds with the bags also 
became stronger. 

In this chapter, I discuss the impacts of digital patination by comparing the 
study results with the value of natural patinas and previously suggested 
design strategies for product attachment. Then, I discuss further suggestions 
that are based on the findings from two studies. Lastly, I finalize this chapter 
by discussing the limitations that I had in this study and further research 
issues. 

 

7.1 REFLECTION ON THE IMPACTS OF DIGITAL 
PATINATION 

 

7.1.1 Comparison with Impacts of Natural Patinas 

In the previous chapters, I investigated the impacts of digitally generated 
patinas on user-product relationships and experience of product use. 
According to the literature, it is known that patination values are classified 
in terms of aesthetic appearance, historicity, authenticity, and uniqueness 
(Hiiop, 1998; Rosenstein, 1987). Compared with the impacts of natural 
patina, do digitally generated patinas affect the values of an artifact 
similarly (Figure 42)? 
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 Aesthetic impression 

Most analog and digital products are originally mass-produced with 
flawless and smooth surfaces. Due to the characteristics of artificial 
materials, material traces are accumulated in a way that the original 
aesthetic state of the products is ruined. However, in this project, I tried to 
generate digitally created patinas by exploring new materials and 
combining digital fabrication and computational design. 

Although decisions regarding the aesthetic impressions of patinas are 
subjective, the participants appreciated the aesthetic quality of digital 
patinas in general. In the process of natural patination, the shape of patinas 
is irregular and uncontrollable. Accordingly, it is difficult to secure a 
constant level of aesthetic appearance of a product. However, one advantage 
of digital patination was that the mechanism for making digital patina was 
done by using digital fabrication systems and computational design, thus 
the form of digital patinas could be more refined and regular. For this reason, 
I expect that digital patination is appropriate as a design technique for 
diverse products. 

 Historicity 

In chapter 3, I confirmed that the information from natural patinas may not 
be enough to remind users of the past experiences. In that sense, because 
digital patination utilizes digital traces as a source of patina, artifacts with 
digital patinas could become a reflection channel that contains rich evidence 
about users’ past product experiences.  

Figure 42. Comparison with Natural Patina and Strategies for  
Product Attachment 
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In the case of Patina Engraver, the abstract and historical aspect of digital 
patina on the trackers provided summarized information about past 
exercising activities in a subtle way. The participants were able to expect 
their general exercise tendencies, even without checking information 
through mobile applications. Similarly, in the study with Trace-Marker, the 
participants first became curious about the digital patinas and tried to 
associate them with their past experiences after engraving a new one. In this 
way, I observed that Trace-Marker stimulated reflection and enabled past 
experiences to be seen from unusual perspectives. In general, product-
related memories develop independent of a product’s design and 
manufacture and are, thus, difficult for designers to influence (Mugge et al., 
2005). However, in this study I observed the possibility of digital patination 
for embedding users’ memories about their meaningful experience into a 
product. 

 Authenticity and uniqueness 

I could observe that participants’ interest in engraving faded over time and 
the interest in their products persisted. In particular, the participants 
described that the digital patination could enhance uniqueness of their 
products.  

In the case of Patina Engraver, the participants mentioned that they could 
feel attachment toward the trackers which contained personalized patina 
patterns and unique appearances. Accordingly, participants considered the 
Patina Trackers to be more symbolic objects than just a pedometer. In case 
of Trace-Marker, most participants also explained that the uniqueness of 
each bag was enhanced by the fact that the accumulated patterns were based 
on their past experiences. Besides the source of personal digital traces, the 
participants said that their involvement in the patination process made their 
bicycle bags more meaningful. They said that they could make more unique 
artifacts by selecting histories and editing patterns. 

Although it is possible to make unique products through typical DIY 
fabrication systems, the participants mentioned that the uniqueness of each 
artifact was enhanced by the fact that the accumulated patinas were based 
on their own past experiences. According to Belk’s concept of the extended 
self, external objects may be viewed as a part of oneself, when the objects 
serve as reminders and confirmers of one’s identity (Belk, 1988). Since the 
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artifacts with digital patinas could become a convenient means of viewing 
oneself, they could have a strong symbolic meaning that would not be 
replaced by other artifacts. In that sense, a digitally generated patina would 
be able to strengthen its impacts regarding authenticity and uniqueness more 
than natural patinas. 

 Unique impacts of digital patination beyond the impacts of natural 
patinas 

Besides the reflection on the past activities, the patination process could 
even affect the participants’ usual behaviors. In both studies, the participants 
mentioned that they changed regular behaviors in accord with a product. In 
the study with Patina Engraver, the participants mentioned that they 
exercised more because of patina engraving. In the study with Trace-Marker, 
the participants mentioned that they tried to collect their bicycle routes more 
often and even tried unusual routes for making unique patinas. Likewise, 
while I expected that only the past history of product usage would influence 
the personalization of artifacts, I observed that the patination process also 
influenced how the participants used their products. 

Moreover, compared with the prevalent data visualization systems using a 
display, digital patination is different because users’ history can be shown 
in the physical world without using a virtual medium. Using artifacts with 
digital patinas, participants were able to quietly reveal their past in the 
physical world. Accordingly, I could observe that spontaneous interactions 
emerged in face-to-face situations. Before 18th century, the purpose of 
naturally generated patina was to delineate class and social status by virtue 
of time-worn objects. Unlike the value of natural patina as a social status 
marker, digital patinas could induce social interaction in face-to-face 
situations without using a virtual medium. 

 

7.1.2 Comparison with Strategies for Product Attachment 

According to literature on product attachment, I could classify five design 
strategies for improving product attachment: Superior utility, personal 
memories, personalized product, material qualities that improve with 
dignity, and engaging product use. Based on the study results about digitally 
generated patinas, I could confirm that the value and impacts of digital 
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patinas partly correspond with the design strategies for product attachment 
except in terms of engaging product use (Figure 42). 

 Superior aesthetic qualities 

Users develop strong attachments to products that provide them with 
pleasure due to their superior utility or appearance. Although digital patinas 
cannot improve upon a product’s original functions, digital patination could 
improve a product’s aesthetic quality. Though my study did not explore 
diverse forms of patinas and materials, it would be possible to improve the 
aesthetic qualities of digital patina. 

 Personal memories 

Regarding the personal memories that are made with a product, patina may 
store personal memories and stimulate users’ reflection on their past. As 
mentioned in the previous section, product-related memories develop 
independent of a product’s design and manufacture and are, thus, difficult 
for designers to influence. However, in this study I observed the possibility 
of digital patination for embedding users’ memories about their meaningful 
experience into a product. 

 Personalized product 

Digital patina is considered a good source of product personalization. Since 
patina is generated while using a product, the product can have patinas that 
serve as personally meaningful elements. In Patina Engraver, the level of 
participation was low, unlike typical product customization systems. 
Despite users’ limited participation, the participants could feel that they are 
making their own products since personalization is conducted according to 
their history of product use. In Trace-Marker, the participants could 
personalize their products through higher participation in the digital 
patination process from selecting digital trace to editing patterns. This 
process could make users feel engaged in the digital patination process.  

 Material that improves with dignity 

Since the form of digital patinas was designed by maintaining the 
characteristics of natural patinas, which are abstract and grow gradually, 
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their aesthetic quality could be similar to that of natural patinas. However, 
one of challenges in the current form of digital patinas is the limited number 
of patina engraving. In Patina Engraver, I planned to use a patination system 
for 3 weeks, including 6 engraving tasks, and accordingly adjusted the 
degree of engraving by accounting for the period of time. Of course, it will 
be possible to increase or decrease the number of possible engravings by 
increasing or decreasing the degree of engraving (i.e., the number of holes 
to be pierced each time) according to the user’s needs. However, within a 
certain number of engravings, the surface might be full of patterns in the 
end. In Trace-Marker, users could change the size of a patina-like pattern 
and arrange it on a vacant surface on a product. However, similar to the 
problems with Patina Engraver, the surface will be filled with a number of 
patterns. 

 Engaging product use 

Engagement describes the extent to which an object invites and promotes 
physical engagement with its owner during product use. However, digital 
patination does not support physical engagements while using a product. 
However, in the long-term product experience, the patination promoted a 
sense of engagement by actually allowing participants to be involved in the 
patina engraving process. Although this process is not directly related to 
product use, digital patination may work as a reward that can support 
sustained engagement in their products. 

 

 

7.2 DESIGN IMPLICATIONS FOR GENERALIZING 
DIGITAL PATINATION 

During the interviews, participants gave several ideas about where the 
patina might be useful. Though I only explored the possibility of using 
patina in activity-tracking devices and bicycle bags, the participants 
suggested that the patina might be a helpful way to improve diverse analog 
and digital artifacts (Figure 43).  
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However, since the way of using various devices, users’ needs, and the types 
of logging data differ among several cases, designers should carefully 
decide upon the types of digital traces and ways to materialize them on the 
surface of devices. While the participants were asked to engrave patina at 
my laboratory regularly in the study process, it is also necessary to 
investigate how to enable users to engrave patina in a daily environment 
and how to induce users to engrave spontaneously. In the following, I 
discuss what should be considered more to apply digital patination in 
diverse design context. 

 

7.2.1 Tailoring Digital Traces as Source of Patina 

These days, products are becoming smart due to a convergence of multiple 
technologies related to internet of things. Although I investigated digital 
patination separately in the context of analog and digital product, the 
distinction between analog and digital products is becoming vague. In this 
situation, the selection and tailoring of matching digital traces might be 
more important to make personally meaningful patinas on products.  

The type of digital traces might vary according to users’ needs and interest. 
In the case of Patina Engraver, some participants paid more attention to their 

Figure 43. Digital Patination for Diverse Analog and Digital Artifacts: 
(a) Cap, (b) Headphones, (c) Smartphone 
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sleep cycle, and others were interested in their sedentary time. Even the 
same activity logs can be interpreted differently to make personally 
meaningful patinas. For example, a person may want to engrave patinas 
based only on the log of a specific day of a week when he or she regularly 
exercises or, as found in the study with Trace-Marker, someone else may 
want to engrave a patina about a special event, such as personal 
achievement. By considering such different needs and interests, a system 
for digital patination may be designed to automatically select and tailor 
digital traces in a way that patina patterns may be able to show more 
personal stories about their lives and deliver more useful information. Or 
the system may be designed to support users’ active tailoring to make 
personalized patinas. 

 

7.2.2 Embedding Patination in Product Use Context 

Natural patina is generated during the product use stage through iterative 
interactions with users. In this study, I borrowed the unique characteristics 
of natural patina that is accumulated within the product use stage. In 
particular, in Patina Engraver and Trace-Marker, I combined the fabrication 
systems to make material traces according to digitally recorded user’s 
history. In Patina Engraver, because users could make patters at regular 
intervals, they could compare different tendencies among certain periods. 
In Trace-Marker, users could even choose a pattern on a specific date. For 
this reason, they could personalize their bags with only memorable histories. 

While the participants were asked to engrave patina regularly during my 
studies, it may be difficult to induce users to engrave patinas spontaneously 
and regularly on their artifacts. For this reason, it is necessary to embed a 
patination system as a part of product use experience by designing 
patination process simple for a situation in which the system would be 
installed in an ordinary environment. 

Also, in future work, it will be possible to explore digital patination that 
occurs synchronously with product use. For instance, what if an MP3 player 
automatically gathers patterns on its surface according to users’ music 
listening histories? Then, it is expected that the patina may show unnoticed 
histories or uncomfortable information that may be more historically 
valuable.  
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7.2.3 Diversifying Form of Patinas considering Aesthetics and 
Information Transparency 

In my study, I could observe that the form of patina mainly decides the 
aesthetic quality of a product and supports users’ reflections on their past 
experience. 

In terms of a mimicked form of patina, there were pros and cons. First, some 
participants disliked its visual quality as fashionable elements in a product. 
Second, due to its abstract and uncontrolled shapes, other participants 
mentioned that it was difficult to figure out detailed information from the 
patterns. The computationally refined form of patina received favorable 
evaluations in terms of its aesthetic quality and information delivery. When 
participants reflected on their past, computationally refined patinas could 
be interpreted by them, which lead to richer recollection. 

However, one commonly expected problem pertained to privacy. In the 
study, the Patina Engraving System visualized steps, active time, activity 
calories, and time in bed within the abstract shape of the patina. The Trace-
Marker system visualized a bicycling route as a source of patina. Though 
the participants mentioned that the visualization in the study was 
moderately open to the public, they said that they would have strongly 
disliked it if the visualization showed details. Since the patina would be 
open to everyone, including strangers, this highlights the need to tailor the 
degree of translucence based on the users’ sensibilities and privacy concerns. 

 

7.2.4 Diversifying Materials for Digital Patination 

Current patination systems use a stippling unit and a laser diode to make 
unmodifiable material traces. In contrast to digital traces in mobile 
applications, the permanently engraved traces improved the historical value 
of the participants’ possessions. 

However, in the current digital patination, one concern is the limited number 
of possible patina accumulations that can be made on the surface of a given 
product. When I asked about a situation in which a product would be full of 
patterns, most participants said that they would want to replace the front 
cover of the product with a new cover and keep the old one to serve as a gift 
or a souvenir. 
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As an alternative solution, I expect that it will be possible to increase the 
dimensions of a pattern’s expression by applying additive or subtractive 
fabrication mechanisms. Though Trace-Marker generated single-colored 
patterns, if gradations and variations of color become possible in the system, 
more patterns could be accumulated, allowing overlapped patterns to 
maintain their own expressions. Erasable materials could also be applied to 
the patina-inspired personalization for long-term use and to protect against 
design mistakes, as was attempted with the Shader Printer (Saakes, Inami, 
Igarashi, Koizumi, & Raskar, 2012). In addition to the problem of the 
limited number of engravings, the participants mentioned their discomfort 
when making design mistakes. During design and construction activities, it 
is common to experience trial and error. Thus, though the interface of Trace-
Marker helped to predict how the fabrication would look, erasable materials 
might help the users of patina-inspired personalization systems. Since 
permanent and erasable traces might have different values, the mechanisms 
of patina-inspired personalization should be selected according to users’ 
needs and the context of the product’s use. 

 

7.2.5 Balancing Automation and User Involvement 

The participants who experienced Patina Engraver stated that the engraving 
process provided a fun experience. In the study with Trace-Marker, the 
participants felt engaged in the process of selecting histories and 
personalizing their bags with new patterns. Due to higher involvement in 
digital patination, Trace-Marker could lead to a higher feeling of 
engagement and pride in making one’s own products. However, as the 
participants became adapted to the systems, they expressed different desires 
about automation and user involvement. For example, participants who had 
little experience in design hesitated to execute engravings because they 
were uncertain of their knowledge of aesthetics. On the other hand, 
participants who had more experience in designing and DIY practices may 
desire detailed involvement.  

Therefore, users with different levels of proficiency could be offered 
separate interfaces in digital patination systems. For novice users, the 
system could automatically suggest a pattern and place it according to 
predefined templates. For more experienced users, the system may be 
designed to allow users to directly modify the details of the patinas. 
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7.3 LIMITATIONS AND FURTHER ISSUES TO BE 
INDENTIFIED  
 

 

7.3.1 Need for Long-term Study in the Wild 

In this study, I conducted field studies for about 4-5 weeks, each in a specific 
product context. As the prototype systems used a stippling unit and a laser 
unit to engrave a pattern, it could not be freely installed in public due to 
safety issues. Still, a longer “in the wild” study may show other impacts of 
digital patination (Brown et al., 2011).  

First, in such studies, it will be possible to investigate whether digital 
patination enables a continued close relationship between a product and a 
user over an extended period of time. Although I could observe the impacts 
of digital patination on users’ experiences related to product attachment, it 
was difficult to confirm that the effects will continue in the long-term. 
Desmet argued that it may be more fruitful to establish a long-term 
emotional relationship between a product and a user after a purchase 
situation (Desmet, 2002). Though I observed that the participants felt close 
to their products during the field study, a longer study would be helpful to 
the investigation of other issues, such as whether the users postpone 
disposal of products and how patina-endowed objects may be valued 
beyond the first owner.  

Second, an “in the wild” study setting may be helpful to observe which other 
product contexts are applicable and how the system can be used to create 
patinas for events other than running and bicycling. Since the purpose of 
the products in this study relate to exercising and staying healthy, the way 
of using digital patination and its impacts may not be generalized in other 
product contexts. If digital patination systems are provided to general users 
and are applicable to diverse products, it might be possible to observe the 
public’s diverse purposes for using digital patination. 
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7.3.2 Further Research Issues 

 What if the history of negative activities is materialized? 

The context of studies mainly focused on physical activities that are 
considered neutral or positive. Thus, I could observe that some participants 
felt patinas as a gift or reward or they wanted to show off their patinas. 
However, digital patination can be made based on personal histories of 
negative events or activities, such as smoking and excessive consumption. 
In the study of the Patina Engraver, M5 mentioned that people might feel a 
burden by exposing their smoking data to others by engraving patina on a 
Zippo lighter. He expected that other people would get interested in the 
evolving patina and support not smoking. For instance, M3 said that it might 
be good to engrave patina on a credit card to show excessive consumption. 
He said the credit card might force him to reflect on his spending habits. 
Because patina on negative events will be exposed to the public, it might 
generate different impacts on users.  

The design approach combining data about user history and patina can be 
applied in diverse products. Further research needs to explore how to apply 
patina with consideration to the characteristics of certain activities or events, 
how to use a product, and users’ needs. 

 What if the history of a group is materialized in an artifact? 

I focused only on the use of patinas and digital traces in the context of 
individuals. However, what if the system for digital patination used the 
digital traces of a group’s activities?  

In the study with the Patina Engraver, I conducted a field trial with 
participants who were in the same sports club. During the interview, many 
of them mentioned that they wanted to engrave patinas on sportswear and 
rackets by using their group’s history. If the system used a group’s data for 
patination, an artifact may act as an emblem for the group, accordingly 
strengthening peer relations and supporting sustained group activities. 
Some artifacts are passed down across generations of group members as a 
way of sustaining social relationships and bolstering ideas of shared 
heritage, history, and values. These objects often offer connections to the 
past that extend before and potentially beyond the current owner’s life. 
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Likewise, patination using a group’s history is a potential research issue. 

 Would the impacts of digital patination be similar in other cultural 
backgrounds? 

In this dissertation, the studies were mainly conducted with participants in 
their 20s or 30s who were living in Korea. Still, people in different cultural 
backgrounds may have a different perspective on a product and digital 
patination’s impacts. For instance, the elderly may have different concepts 
about possessions. Unlike the participants who are interested in the 
consumption of up-to-date products in early adulthood, the elderly may be 
more interested in storing possessions or passing them down; accordingly, 
they may suggest other types of digital patination. Also, people in different 
countries sometimes have different notions about a product due to diverse 
economic and cultural backgrounds. For example, in China, there’s a 
superstition that wearing a dead person’s clothes invokes the displeasure of 
his or her ghost. Likewise, people with diverse cultural backgrounds may 
show perceive different impacts of digital patination. 

 Would digital patination work as slow technology? 

In addition to the issues on emotional attachment, there has been a recent 
trend in design and HCI research that addresses the importance of slower 
and reflective experiences over time (Fallman, 2011; Karapanos, 
Zimmerman, Forlizzi, & Martens, 2009). Fallman mentioned that 
traditional HCI taught that interactive artifacts were designed to be effective, 
efficient, error-tolerant, and easy to learn in the 1980s and 90s. A shared 
technical terminology, a set of techniques, methods, and tools, and a 
common goal have been constructed around these guiding notions. 
However, as computing and digital technologies have become ubiquitous in 
daily lives, artifacts have changed from being mere tools for work to objects 
that generate meaning and experience to users. Thus, it is acknowledged 
that artifacts do not merely support goal achievement; in the long term, they 
fulfill the need for stimulation and personal growth (Hassenzahl, 2004); 
they evoke memories (Norman, 2005) and play a role in building users’ self-
identities in social settings (Belk, 1988). From this perspective, HCI and the 
design field started to become interested in issues such as meaning, 
reflection, engagement, etc. (Bødker, 2006). Slow technology is a concept 
that argues for the importance of designing for reflection (Hallnäs & 
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Redström, 2001). According to their explanation, while fast technology is 
for efficiency in functionality with respect to a well-defined task, slow 
technology aims at slowness in learning, understanding, and presence to 
give people time to think and reflect. They explained that technology can 
be slow in various ways as it takes time to i) learn how it works, ii) 
understand why it works the way it works, iii) apply it, iv) see what it is, 
and v) find out the consequences of using it.  

Considering the value of technologies for slow and reflective experiences, 
it might be possible to further develop digital patination and investigate its 
impacts as slow technology. In this dissertation, I could find a vague 
possibility of digital patination. First of all, digital patination prompts 
explanation. Many researchers agree that providing justifications or 
explanations for knowledge, events, or one’s actions is an indication of at 
least low-level reflective thinking (Fleck & Fitzpatrick, 2010). Because the 
form of patina is abstract, participants became curious about the newly 
added patinas and then tried to associate the patina and their past activities. 
From this experience, participants could reflect on what they did once again. 
Also, another potential as slow technology is that it may enable the seeing 
of past experiences from multiple perspectives. Technology has the 
potential to do this in many ways. For example, it can be used to produce a 
record of events that can be looked at again. Current digital patination 
partially corresponds to this type of technology. However, while I only 
utilized the digital traces of quantified physical activities, what if the patina 
is generated based on users’ unconscious reactions or emotions? For 
example, sensor technologies can record and detect aspects of experiences 
not otherwise available to human perception. Then, the patinas with such 
data may allow users to see more than they could possibly notice. 

 How can designs apply digital patination to digital content services? 

In this study, I applied digital patination to analog artifacts and digital 
devices that have physical forms. In future efforts, it might be possible to 
apply it to digital content services. 

As digital content is widely used via a variety of services and electronic 
devices, instant enjoyment of content has become possible without the 
limitations of place and time. In the past, by buying and keeping digital 
content in a physical form (e.g., a video tape or a DVD), people had strong 
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ownership over their digital content. These days, as digital content is easily 
downloaded or streamed directly, the perception of digital content as a 
possession has become blurry (Gibs, 2010). If digital content is made by the 
user himself or herself, he or she may feel more attached to it. However, 
commercially made content cannot be personalized, even after several years 
of use.  

Despite technological improvements in the convenience of accessing digital 
content, these shifts have raised many questions for researchers and 
designers of content-related systems. How will digital content be 
meaningfully experienced over time as it grows to a size and scale that 
people have never previously encountered? How will users become 
attached to content archives? What opportunities exist for designing 
content-related services such as online-streaming services and devices? 
Considering the questions and the current changes in the environment 
behind digital content, it is necessary to explore digital patination for digital 
content services. Unlike the digital patination of physical artifacts, there will 
be several challenges and issues to be identified. What kind of digital traces 
can be collected and used? Because there will be no physical form, how 
should the digital traces be expressed in content services? I expect that 
future research should deal with the process and technique of using patina 
in the design of digital content services. 
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8. Conclusion 

8.1 Main Research Findings 

8.2 Expected Contribution 
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Chapter 8. Conclusion 
 

 

8.1 MAIN RESEARCH FINDINGS 
My main research question was to investigate if patination with digital 
technologies contributes to the development of product attachment. The 
main aim was to suggest an alternative patination technique, digital 
patination, as intermediate knowledge for designing products and services. 
In order to answer the main question and achieve the research aim, I set 
three sub-questions. First, what is the value of traces on artifacts? Second, 
how can an artifact be designed to improve with age by utilizing the concept 
of patina? Third, would patination using digital technologies contribute to 
improving the user-product relationship? I chose to answer these by 
conducting several qualitative studies and RtD methods. 

 What kinds of impacts do traces give on products? 

Before conducting empirical studies to investigate the use of patina for 
product attachment, I investigated previous theories regarding traces and 
patinas. Based on the literature review, I could classify the expected values 
of patination as aesthetic appearance, historicity, authenticity, and 
uniqueness. Moreover, to identify the value of traces and patinas in the 
ordinary context of using personal artifacts, I conducted a guided tour and 
a semi-structured interview at participants’ home environments. From the 
process, I confirmed users’ needs, the negative impacts of traces, and the 
positive impacts of patinas. The impacts of traces were different among the 
analog artifacts, digital devices, and digital contents. Participants mentioned 
discomforts regarding uncontrollable forms of material traces and the 
temporary accumulation of digital traces. They also described the potential 
of using digital traces that provide richer information than material traces.  

 How can an artifact be designed to improve with age through the 
concept of patina? 

Artists and designers have noticed several impacts of patina on the aesthetic 
appearance, historicity, authenticity, and uniqueness of an object. However, 
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according to the analysis on the general ways of using patinas in the fields 
of art, product design, and HCI, I found that the use of patinas for product 
attachment has rarely been studied; I could confirm a need for the 
exploration of new patination mechanisms to supplement current patination 
techniques by combining digital technologies. 

Inspired by the use of patinas in art and by the value of material and digital 
traces, I proposed a design technique called digital patination. Digital 
patination is a design technique that induces the accumulation of patina-like 
patterns based on digitally recorded histories during the product use stage 
to enhance users’ attachment to artifacts. To systematically investigate 
digital patination as a design technique, I presented four design aspects of 
digital patination: the source of patina (what generates the patina), the 
tracing moment (the moment when traces are accumulated), the form of 
patina (how traces are arranged and visualized), and user participation in 
the patterning (the level of user involvement in marking patinas). I advanced 
the research by applying digital patination to different target domains: 
digital devices and analog artifacts. While applying digital patination to 
each domain, I developed two prototype systems to construct an 
understanding of the overall design space and to cover various combinations 
of the digital patination design aspects.  

First, I concentrated on the applicability of digital patination for digital 
devices, focusing on activity trackers. By developing the Patina Engraving 
System, the design technique was concretized. To mimic the forms of 
natural patinas, I selected a stippling mechanism that inserts a needle into 
the surface, which is attached to an oscillating unit. I developed a material 
that consists of three layers (a paint layer, a PVC sheet, and a silicone pad) 
to maximize the visual and tactile effectiveness of the patina produced by 
the stippling technique. Through the exploration of a piercing technique and 
material and visual patterns, I developed a prototype of the Patina 
Engraving System consisting of the Patina Tracker and the Patina Engraver. 
With the deployment of the Patina Engraving System, I explored how 
participants’ activity-tracking experiences could be affected through patina 
engraving. During the field trial, I found that the patination motivated the 
participants to exercise more in order to engrave aesthetic patinas. The 
participants also cherished the trackers that held their own history. 

I also explored the applicability of digital patination for analog artifacts. 
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The traditional way of using patinas in analog artifacts has some limitations 
regarding uncontrollable and unpredictable patination mechanisms and a 
lack of information on patinas. Thus, I investigated improvements on the 
traditional patination in analog artifacts by combining digital technologies. 
Based on the results of the study with the Patina Engraver, I combined 
computational designs to give a more refined shape to patinas, and I devised 
a patination system that allows active user participation from designing 
patina patterns to tracing them. Focusing on the context of bicycling, I 
presented Trace-Marker, a system for digital patination that engraves 
patina-like patterns on a bicycle bag based on a user’s bicycle-riding history, 
which is digitally recorded in a mobile application. With the deployment of 
this system, I found that the process of accumulating patina-like traces 
helped the study participants add personal stories and identities to their bags. 
Also, the use of Trace-Marker stimulated reflection and enabled past 
experiences to be seen from unusual perspectives. The participants’ 
emotional bonds with the bags also became stronger. 

 Would patination using digital technologies contribute to enhancing 
product attachment? 

Based on the study results, I could find the impacts of digital patination on 
users’ experiences related to product attachment. In the studies with the 
Patina Engraver and Trace-Marker, the participants appreciated the 
aesthetic quality of digital patinas in general. One advantage of digital 
patination was that the mechanism for making digital patina was done by 
using digital fabrication systems and computational designs; thus, the form 
of digital patinas could be more refined and regular. For this reason, I expect 
that digital patination is appropriate as a design technique for diverse 
products’ aesthetic qualities. 

Because digital patination utilizes digital traces as a source of patina, 
artifacts with digital patinas could become a reflection channel that contains 
rich evidence about users’ past product experiences. In the case of the Patina 
Engraver, the abstract and historical aspect of digital patina on the trackers 
provided summarized information about past exercising activities in a 
subtle way. The participants were able to expect their general exercise 
tendencies, even without checking information through mobile applications. 
Similarly, in the study with Trace-Marker, the participants tried to associate 
patinas with their past experiences. In this way, I could observe that Trace-
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Marker stimulated reflection and enabled past experiences to be seen from 
unusual perspectives. 

Third, it was found that digital patination could enhance the uniqueness of 
their products. In the case of the Patina Engraver, the participants mentioned 
that they could feel attachment toward the trackers which contained 
personalized patina patterns and unique appearances. In the case of Trace-
Marker, most participants also explained that the uniqueness of each bag 
was enhanced by the fact that the accumulated patterns were based on their 
past experiences. Although it is possible to make unique products through 
typical DIY fabrication systems, the participants mentioned that the 
uniqueness of each artifact was enhanced by the fact that the accumulated 
patinas were based on their own past experiences. 

Moreover, there were other impacts of digital patination related to behavior 
change and social interactions. While I expected that only the past history 
of product usage would influence the personalization of artifacts, I observed 
that the patination process also influenced how the participants used their 
products. In both studies, the participants mentioned that they changed 
regular behaviors in accord with a product. In the study with the Patina 
Engraver, the participants mentioned that they exercised more because of 
the patina engraving. In the study with Trace-Marker, the participants 
mentioned that they tried to collect their bicycle routes more often and even 
tried unusual routes for making unique patinas. Other unexpected impacts 
was the use of artifacts with patinas for social interactions. Compared with 
the prevalent data visualization systems using a display, digital patination is 
different because users’ histories can be shown in the physical world. Using 
artifacts with digital patinas, spontaneous interactions emerged in face-to-
face situations. 

 

 

8.2 EXPECTED CONTRIBUTION 
This study was conducted to suggest and explore ways of enhancing product 
attachment. Thus, I adopt the concept of patina in the field of art and 
propose digital patination, a design technique that induces the accumulation 
of patina-like patterns based on digitally recorded histories during product 
use stage. For exploring the digital patination, my research consisted of 
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several qualitative studies and case developments. Mainly, in order to 
construct digital patination as an intermediate-design knowledge, horizontal 
and vertical groundings were carried out mainly by using the RtD method. 
Horizontal investigation was carried out to understand the range of 
applicability of the digital patination for designing analog and digital 
artifacts. At the same time, vertical grounding was conducted to investigate 
the impact of digital patination on user-product relationships and to develop 
connections to relevant theories. 

I expect that the research process and findings will become useful for 
intermediate-design knowledge, not only to design and HCI researchers, but 
also to practitioners. The expected contributions can be explained in terms 
of methodology, design aspects, prototypes, and design implications. 

First, the research methodology, applying newly suggested design technique 
to diverse application domains and investigating the impacts on user 
experience, can be a basic frame of design researches that explore the 
potential value of newly suggested design technique by using the RtD 
method. The methodology does not only focus on suggesting a novel design 
technique, but also concretizes it though iterative design process by 
exploring diverse mechanisms and materials and considering the context of 
specific application domains. At the same time, the field trials with designed 
artifacts enables the gathering of rich responses from people; accordingly, 
it can be explained in relation to existing theoretical background. 

Second, digital patination and its design aspects are expected to be crucial 
attributes that designers should consider. Despite the previous trials using 
patinas, theoretical knowledge regarding the use of patinas has been rarely 
found by the lack of a unified vocabulary and a framework to describe them. 
I expect that the design aspects will be helpful to systematically investigate 
the impacts of digital patination and the possibility of other variations in 
digital patination. Specifically, these aspects will play a significant role in 
ideation, design, implementation, and test process. 

Third, the prototypes will be useful guides for designers as an example of 
digital patination. Although the Patina Engraver and Trace-Marker are 
example cases among diverse variations of patination, researchers and 
practitioners can refer to the process and rationale behind the design of the 
prototypes for designing their own systems. I expect that the prototypes will 
inspire designs for the design of diverse analog and digital products for 
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enhancing user attachment. 

Fourth, the results of the field trial improve our understanding of how digital 
patination is embedded in the context of product use while enriching user-
product relationships. I found that digital patination based on the personal 
history of product use helped participants add personal stories and identities 
to their artifacts. Then, comparing the impacts of natural patinas and 
previous strategies of product attachment shows how digital patination 
differs from other theories and what should be considered more. 

Fifth, design implications and further issues will support the development 
of future designs. Though I only explored the possibility of using patina in 
limited contexts, digital patination might be useful for diverse products and 
contexts. For other designers and researchers, the design implications will 
become a guidance for design decisions that show what should be 
considered to use the concept of patina and traces. Further research issues 
will guide other researchers to overcome current limitations of digital 
patinations and find other values. 
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Summary in Korean 

미술 분야에서는 사물의 미적, 역사적 가치를 증진시키기 위하여 

파티나(Patina)의 개념을 활용해왔다. 본 연구는 기존의 파티나 

기법을 확장하여, 디지털화된 파티나를 활용하는 방법을 

제안하고 제품 애착 형성에 미치는 영향에 대해서 탐색한다. 

연구 목적을 달성하기 위하여 미술, 제품 디자인, 인간-상호작용 

분야에서 흔적과 파티나와 개념이 어떻게 활용되어왔는지 문헌과 

디자인 사례를 분석하였다. 또한 물리적 혹은 디지털화된 흔적이 

제품에 대한 사용자의 인식에 미치는 영향에 대해 알아보기 위해 

사용자들의 사례들을 수집하고 정성 분석을 진행하였다. 문헌 

연구와 사용자 인터뷰를 통해 기존의 파티나 활용에의 한계와 

사용자들의 요구사항을 파악할 수 있었으며, 이에 대한 대안으로 

디지털 파티네이션(Digital Patination)이라는 디자인 기법을 

제안하였다. 제안된 기법은 제품 사용에 대한 디지털화된 흔적 

및 기록을 이용하여 제품 표면에 물리적 흔적을 누적할 수 있는 

디자인 기법이다. 본 연구에서는 디지털 파티네이션 기법을 

디지털 제품과 아날로그 제품에의 사례에 적용함으로써 디지털 

파티네이션의 가치와 가능성에 대해서 탐색하였다. 

디지털 제품에의 디지털 파티네이션을 구체화하기 위하여 본 

연구에서는 액티비티 트래커 사례에 디지털 파티네이션의 개념을 

접목하고 그 효과에 대해서 알아보았다. 파티나 인그레이버 

(Patina Engraving System)의 개발과 사용자 실험을 통해서 

디지털 파티네이션이 사용자의 운동량 점검에 영향을 미칠 수 

있음을 발견하였다. 또한 사용자들이 액티비티 트레커에 누적된 

파티나를 통해서 동료들과 자연스러운 사회적 상호작용을 할 수 

있음을 발견하였다. 뿐만 아니라, 사용자 자신의 과거 이력을 

포함하는 액티비티 트래커에 대해 애착감을 갖게 됨을 

확인하였다. 

또한 아날로그 제품에의 디지털 파티네이션에 대해서도 연구를 

진행하였다. 앞선 파티나 인그레이버 사례와는 달리, 보다 
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정형화된 모양으로 파티나를 구성하는 한편 사용자가 파티네이션 

과정에 참여할 수 있게 함으로써 디지털화된 파티나의 또 다른 

가능성에 대해 파악하고자 하였다. 특히 자전거 기록을 이용해 

자전거 주변기기를 개인화할 수 있는 트레이스 마커(Trace 

Maker)를 개발하고 그 영향에 대해서 사용자 연구를 진행하였다. 

사용자 실험에서는 개개인의 이야기를 담고 자신의 정체성을 

표현하기 위해 개발된 시스템을 활용하는 것을 확인할 수 있었다. 

또한 자신의 과거를 반추해보고 자신의 행동을 변화하려는 

경향도 확인할 수 있었다. 

사례개발과 실험을 통해서 밝혀낸 디지털 파티네이션의 영향은 

기존 제품 애착 전략 및 미술 분야에서의 파티나의 가치와 상당 

부분 일치하는 것으로 밝혀졌다. 사용자는 디지털 파티네이션을 

통해서 제품 사용 과정에서의 의미 있는 사건에 대한 기록을 

제품에 담을 수 있었으며, 점진적으로 자신만의 제품으로 

개인화할 수 있었다. 제품에 새겨진 파티나는 사용자로 하여금 

과거를 기억하게 하고, 대화의 소재가 되기도 하였다. 다만, 

개인의 이야기 및 정체성 표현을 강화하기 위해서 디지털 정보의 

선택과 수정에 대해 고려할 필요가 있을 것이다. 뿐만 아니라 

파티나의 형태와 모양 이를 위한 다양한 소재 및 제작방식에 

대한 탐색이 이루어질 필요가 있다. 

본 연구의 의의는 세 가지로 귀결된다. 첫째, 본 연구는 파티나의 

개념과 디지털 기술을 접목한 디자인 기법인 디지털 

파티네이션을 제안하였다. 둘째, 디지털 파티네이션의 사례들을 

개발하고 디자인 과정을 설명함으로써 디지털 파티나이션을 

구체화하였다. 셋째, 디지털 파티네이션 혹은 디지털화된 

파티나가 사용자의 제품 애착에 미치는 영향에 대해서 

탐색하였다. 본 연구는 추후 제품 디자인, 제품 개인화 등의 

분야에서 활용될 수 있을 것이다. 
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