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Abstract 

Since the 19th century, photographs have supported people’s practices of self-reflection, 

social interaction, and contemplation of the future. Today, digital photographic 

technologies have enabled people to create a massive proliferation of photos at scales 

larger than ever before. This technological advancement allows people to accumulate 

more precise and extensive personal memories in life. Yet, it also poses new challenges. 

For example, digital photos become formless, lacking the material presence as a 

reminder of the existence and content of people’s archives. To address these 

challenges, new approaches are needed for people to engage with their digital photos. 

My dissertation contributes to three research goals. First, I inquire into how 

making people’s digital photo archives more present and interactive through a temporal 

lens might open new possibilities for reflective memory-oriented photo viewing; in this, I 

attend to how photos work as cues that trigger autobiographical memory. Second, I 

investigate how temporal metadata could operate as a resource for generating a 

renewed sense of awareness and control over large and still growing digital photo 

archives. Third, I pursue personal life history as an accumulating and prominent aspect 

of time to design technologies for reflection.  

My overarching research question is: How can memory-oriented experiences 

with personal digital photos be supported and sustained as they grow, expand, and age 

over time? To answer this question, I adopted research through design as the primary 

methodology and created two design cases. First, Chronoscope is a tangible photo 

viewer that displays photos in chronological and non-chronological expressions of time. 

Second, PhotoClock is a mobile application that uses the current clock-time of the 

present moment to re-present photos taken around that same time of the day in one’s 

past. These design cases were investigated by combining a practice-based designer-

researcher approach with research product field deployment studies. 

Building on these works’ findings, the end of this cumulative dissertation 

discusses how an artifact analysis could mobilize and extend a theory of slow 

technology. Ultimately, this dissertation showcases the importance of investigating 

temporal modalities to support people to interact with their digital photo archives as 

contributions to future HCI research and practices. 
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Chapter 1.  
 
Introduction 

Photographs have long existed as a resource to support people’s practices of 

documenting their life experiences, self-reflection, social connection and contemplation 

of the future [38]. Today, people’s photographic practices are highly mediated by digital 

devices and services where the convergence of social, mobile, and cloud computing has 

enabled people to create personal digital photo archives at scales larger than ever 

before. As an example, people took roughly 1.72 trillion digital photos globally in 2022, 

and 92.5% of the photos were taken with smartphones [24]. 

These vast and still growing personal archives of digital photos pose new 

challenges for the Human-Computer Interaction (HCI) and design communities. As 

digital photo archives grow larger, they increasingly become formless and placeless, 

lacking the material presence that might invite people to notice and engage with their 

archive as an everyday resource [161,170,215]. This tension can create barriers for 

people to gauge how big their archive is and, consequently, revisit experiences, 

histories, and impressions captured within them [170,245]. Recent research has shown 

that the adoption of smartphones and low-cost cloud storage over the past decade has 

catalyzed a hyper accelerated growth of personal photo archives, further amplifying 

already existing tensions [15]. These changes also create new opportunities for people 

to reflect on memories within their photo archives which now capture considerable 

breadth and depth of life experiences over various years.  

Yet, there is limited knowledge on what techniques, strategies, and concepts 

could help guide design research to better support reflective experiences with large 

photo archives. Growing work in the HCI and design communities has argued there is a 

need to develop alternative design approaches that support a diverse range of open-

ended experiences of reflection, interpretation, and slowness when revisiting digital 

photo archives (e.g., [31,54,95,162,223]). Additionally, as technology becomes further 

integrated and present within everyday life, researchers have argued it is critical to 

“investigate what it means to design a relationship with a computational thing that will 

last and develop over time – in effect, an object whose form is fundamentally constituted 
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by its temporal manifestation” [136:11]. However, examples illustrating how such 

engagements with personal photo archives can be mediated through the creation and 

study of new design artifacts remain sparse in the HCI community.  

To support the exploration in this research space, slow technology stands as a 

promising design strategy that could be applied and extended at the same time. In 2001, 

Hallnäs and Redström proposed slow technology as “a design agenda for technology 

aimed at reflection and moments of mental rest rather than efficiency in performance” 

[85]. Since then, numerous research works have applied a delayed timing of interaction 

to enforce a slow pacing for reflection [32,160,162,174,223]. However, as opposed to a 

simply delayed expression [222], a small but growing number of researchers have 

recently turned to discuss alternative conceptualizations of time. For instance, a design 

case named CrescendoMessage was created to explore how sending messages in the 

near future supported people’s reflection on messaging and communication with others 

[222]. Rhythms of pause were investigated in the multi-lifespan design of information 

systems for transitional justice [64]. In 2015, Lindley proposed a view to examining the 

notion that people’s everyday life has been accelerated by both their conceptual and 

practical adoption of clock time [126]. The temporal properties of physical materials such 

as decay and patination are also explored through the study within the HCI field (e.g., 

[224]). In parallel, Pschetz and Bastian make a compelling argument that it is essential 

for interaction design research to inquire into generating new possibilities for people to 

perceive and consider multiple temporalities [181]. Albeit from a different perspective, 

this argument resonates with Huang and Stolterman’s work that emphasizes awareness 

and analysis of temporality [101]. Collectively, these works have shown that the form 

and expression of temporality have received considerable attention and given rise to 

topics of: (i) whether the interactive pace of a technology should be designed in a 
way that is either literally fast (for efficiency) or slow (for reflection), and (ii) what 
alternative forms of temporality exist to support, extend, and explore everyday 
reflection and mental rest in longer-term human-data relations. 

Motivated by the set of challenges mentioned above, this dissertation contributes 

specifically to this intersection through investigating 3 key research objectives. First, I 

inquired into how making people’s digital photo archives more present and interactive 

through a temporal lens might open new possibilities for situated, reflective memory-

oriented photo viewing; in this, I attend to how photos work as cues that trigger 
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autobiographical memory. Second, I investigate how temporal metadata might operate 

as a resource for generating alternative perspectives on and a renewed awareness of 

people’s personal digital photo archives. Third, I pursue personal life history as an 

aspect of temporality raised by slow technology [85,163] and explore how this framing 

might offer a rich way to support ongoing and indeterminate experiences with digital 

photo archives that grow over time. To achieve these research goals, I have developed 

my research questions and approaches in the following section. 

1.1. Research questions and approaches 

The overarching research question of my thesis is:  

How can memory-oriented experiences with personal digital photos be supported 
and sustained as digital photo archives grow, expand, and age over time?  

To investigate this question, I adopted research through design (RtD) [46] as the primary 

methodology. RtD is a common and useful approach to generate answers to qualitative 

research questions that investigate potential futures in a grounded, practice-based way. 

Importantly, this approach does not provide a single answer or an absolute solution. 

Instead, RtD results in a real creation that ground theoretical concepts. It produces 

design exemplars for researchers to understand people’s situated experiences 

interacting with real and working systems over time. The insights generated through RtD 

can also support the advancement of design theory as contribution for future interaction 

designers and researchers to take into consideration.  

 I started my RtD inquiry by studying a great number of prior works in relation to 

digital photo viewing experiences and personal data. Projects such as Pensieve [174], 

Olly [166], and Olo Radio [158] show that temporal metadata could be a generative 

design material for reorganizing one’s digital archives and enabling new reflective 

experiences. Since temporal metadata had not been widely explored as a design 

material within the digital photo research space, I decided to have my first research 

project ground it in design practice and create a design exemplar through a critical and 

in-depth design research process. Thus, I proposed the following research question for 

my initial dissertation research: 
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RQ1: What opportunities exist to leverage ‘temporal metadata’ as a design 
resource that supports memory-oriented ways of experiencing the trajectory of 
digital photos one has accumulated in their life? 

To address this research question, my objective was to conduct a practice-based design 

research study to explore alternative ways of using temporal metadata as a design 

material that enables people to view their digital photo archives as a whole. This design 

research inquiry eventually led to the creation of a tangible photo viewer named 

Chronoscope, a domestic technology that leverages temporal metadata embedded in 

digital photos as a resource to encourage more temporally diverse, rich, and open-

ended experiences when re-visiting one’s personal digital photo archive. It reorganizes 

one’s photos based on when each photo was taken, so its user can view their photos in 

a chronological or non-chronological sequence. (See more details in Chapter 3) 

  
Figure 1: Chronoscope is a tangible photo viewer that allows its user to view 

their photos in and across time. 

The resulting creation emerging from this practice-based design research supported our 

research team to advance our understanding of temporal metadata as a design material 

in the context of human-photo interaction. Through interacting with Chronoscope, we 

found two tensions in the photo viewing process. First, the sheer size of digital photo 

archives could easily leave users stuck in time – it could require days of continuous 

rotations simply to navigate through all of one’s digital photos if one photo or a few 

advanced per one rotation. To cope with this issue, we created a design feature that 

allows users to move through multiple photos per one rotation. Yet, this introduced 

another challenge. If the upper threshold was too high (e.g., 1,000 photos), then a user 
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could easily become lost in time as users navigated a large amount of photo in one turn. 

Through these tensions, we found a slow technology design quality named temporal 

granularity, which is to provide a flexible control of tuning how many photos would be 

viewed in one step of interaction. This quality could be used in a design of technology to 

resolve the lost-in-time and stuck-in-time tensions that people may encounter when 

exploring their vast and still growing digital archives. This design study is published as: 

Amy Yo Sue Chen, William Odom, Ce Zhong, Henry Lin, and Tal Amram. 
2019. Chronoscope: Designing Temporally Diverse Interactions with 
Personal Digital Photo Collections. In Proceedings of the 2019 on 
Designing Interactive Systems Conference (DIS ’19), ACM, New York, NY, 
USA, 799–812. 

Building on this work, I reflected on the Chronoscope design research process more 

deeply through a methodological perspective. It was during this thinking process that my 

second research question emerged: 

RQ2:  What are viable conceptual frameworks for conducting practice-based 
design research that utilize notions of time to invite one’s reflection on their vast 
and still growing digital photos? 

For this question, in collaboration with my supervisor, I led the writing of a book chapter 

in a research handbook for a broader audience of practice-based researchers and 

practitioners. We critically reflected on what design philosophies and approaches had 

highly impacted how we think and make design decisions throughout a design-led 

process. This publication gives a sense of what our research team’s particular designer-

researcher approach is and position this approach among existing practice-based 

research methods or concepts in the design research field:  

Amy Yo Sue Chen and William Odom. 2021. Crafting temporality in design: 
Introducing a designer-researcher approach through the creation of 
Chronoscope. In The Routledge International Handbook of Practice-Based 
Research. Routledge, 368–380.  

This book chapter supported me to think through how our piecemeal designer-

researcher approach led to the final version of Chronoscope artifact (See more details in 

Chapter 4). Through unpacking this designer-researcher approach, we started to see 

Chronoscope as a slow technology design case that offers a high degree of user control 

while retaining design qualities that are closely tied to the original conceptual vision of 
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slow technology. We would not have arrived at Chronoscope’s final version and the 

insights in relation to temporal granularity without the piecemeal, iterative, and first-

person practice-based design approach. However, despite the benefits and opportunities 

of this approach, the research outcome is still limited to our own experiences of using 

Chronoscope in the design team. To better understand people’s situated experiences of 

Chronoscope, we were inspired to conduct an empirical study. We decided to create and 

deploy a batch of 4 Chronoscope research products to 4 participants’ houses for 3 

months in order to collect people’s longer-term lived experiences with Chronoscope in 

field. The research question that is investigated through this field study is: 

RQ3: What memory-oriented photo viewing experiences could be supported and 
sustained through a tangible photo viewer that allows people to explore their 
digital photos chronologically and non-chronologically? 

The collected data was then analyzed, discussed, and published as:  

Amy Yo Sue Chen, William Odom, Carman Neustaedter, Ce Zhong, and 
Henry Lin. (2023). Exploring Memory-Oriented Interactions with Digital 
Photos In and Across Time: A Field Study of Chronoscope. In Proceedings 
of SIGCHI Conference on Human Factors in Computing Systems. 
Hamburg, Germany, CHI’23. ACM Press. 

Through this deployment study, we learned that participants valued the journey-based 

photo viewing experience enabled by Chronoscope’s interaction design. Targeting 

people’s relationship with their entire photo archive, our approach extends control over 

different temporal modalities to navigate unique pathways through multiple memories 

and life stages. These pathways opened new ways of mediating interactions with digital 

photos which participants characterized as ‘journeys’ across their life experiences. We 

found people valued this form of journey-based photo interaction when it resurfaced 

forgotten or unknown life patterns, especially those in less familiar modes. Because it is 

not easy to anticipate what photos would be interconnected in less familiar modes, 

people can revisit, associate, and reflect on multiple surprising moments at once in their 

exploration journey, triggering a provocative way of integrating and interpreting 

autobiographical memories. Through our study of Chronoscope, we offer a design case 

of using temporal metadata as a memory cue to trigger a journey-based remembering 

process that brings more curiosity, anticipation, and refection into the process of digital 

photo wayfaring. However, one limitation of using temporal metadata as a memory cue 
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is that geo-locational metadata and calendrical metadata are needed if one’s photo 

memories were taken or associated with different time zones and calendar systems (See 

more details in Chapter 5).  

Based on the findings in our deployment study of Chronoscope, we discovered 

design opportunities in relation to interaction pacing, user control, and timing. We first 

discovered an interesting notion called temporal blanks. Chronoscope has one limitation 

in that it connects photos in a sequence that entirely hides the ‘blanks’ or ‘gaps’ in 

periods when one did not take any photos in their life. Our research team considered 

that this kind of temporal blanks in one’s photo archive may hold important meaning in 

one’s life history, such as intentional removal of key life experience (e.g., due to a 

romantic breakup, loss of a loved one etc.). Second, we became interested in providing 

fewer user controls for people to engage with their entire digital photo archives. 

Chronoscope provides multiple sophisticated user controls (viewing directions, 

timeframe modes, and temporal granularity). While these controls supported participants 

to flexibly explore their photos in and across time, they took time for people to fully 

understand how it works and made the photo viewing process quite proactive and 

intentional. Thus, both the notion of temporal blanks and the design of user controls 

prompted the question: How do people perceive temporal blanks in their digital photo 

history? How does user control affect the ways people reflect on their photos? And 

ultimately, what does it mean for one to view their digital photo archives as a whole? 

These thoughts led me to connect my research path to a concept named wayfaring, 

which Rooksby et al. discussed in their CHI 2014 paper. In the field of personal lived 

informatics, they articulated this concept with a vision:  

“When people track their activities (when they dwell in data) they are not 
building a description of their lives, but are wayfaring in information. To 
know ourselves is not to look at the past or even to the present, but to the 
future. …one is not following a set path to one’s imagined future but is 
navigating using a variety of information, cues and intuitions as best one 
can. Knowing oneself may involve collecting and reflecting on information 
about oneself but is for the purposes of a life being lived.” [189:1171] 

This way of seeing the reasons why people preserve and cherish their personal data 

resonates with my own view on why people desire more enriched experiences with their 

digital possessions. For this, I recalibrated my thoughts and considered my research 

goal to enrich digital photo wayfaring experiences through multiple temporal lenses. 
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To brainstorm ideas for digital photo wayfaring, I engaged in a critical-reflexive 

design process similar to how I arrived at Chronoscope. Through iteratively generating 

design ideas and critically assessing them by potential research questions about time 

and slow technology, I progressively narrowed the ideas down to a core concept in 

relation to the perpetual movement of time. This core concept applies the current clock 

time to constantly tie the present moment to one’s past by presenting photos that were 

taken at ‘this time of day’ in the past. This constant connection between the past and the 

present is designed to create a sense of ongoingness and intimacy between one and 

their past selves. Motivated by this concept and how it could affect people’s lived 

experiences with their digital photos, I proposed my fourth research question: 

RQ4: What opportunities exist to leverage ‘current clock time’ as a design 
resource that supports new ways of experiencing the trajectory of digital photos 
one has accumulated in their life? 

To investigate this question, I created the second main design case in my dissertation 

research called PhotoClock, a mobile application that leverages the creation date and 

time embedded in digital photos to encourage contemplation of memories from the past 

bound up in one’s photo archive. A key objective in the PhotoClock project is to explore 

how the perpetual movement of time can be leveraged as a unique resource to 

continually connect the present moment to people’s photos taken around that same time 

of the day in the past. I aimed to investigate how people perceive their memories 

through digital photos that are displayed ephemerally, only around the clock time they 

were taken in the past. Through eight months of iteration in our RtD process, we arrived 

at the final version of PhotoClock, a design exemplar of leveraging the perpetual 

movement of time to enrich memory-oriented experiences (See more details in Chapter 

6).  
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around the same time of day in the past. Interestingly, this kind of temporally dynamic 

flow-based process of remembering the past invited a range of photo viewing 

experiences that included curiosity, anticipation, nostalgia, and reflection. According to 

participants, the PhotoClock interaction design resembles the way memories are usually 

recalled organically—through unintentional, incidental, or serendipitous moments as 

opposed to proactive search. PhotoClock primed participants with a reflective mindset 

where they not only made sense of their photos as a collective whole of their life history 

but also perceived photo viewing in a take-it-or-leave-it approach, where memories could 

be ephemeral. They come and go naturally, following the flow of time.  

 In parallel to the PhotoClock project, my supervisor, an additional academic 

collaborator, and I collectively saw an opportunity to conduct an artifact analysis of a 

collection of slow technology design examples in order to extend a theory of slow 

technology. Artifact analysis is a method that performs analysis on a small set of design 

artifacts as a way to assess the stability of existing design theories. Artifact analysis can 

also support a discussion or an update of design qualities and reveal opportunities for 

developing new theoretical concepts. With an aim to assess the theory of slow 

technology, we included Chronoscope and other design cases in our artifact analysis. 

The research question that guided our analysis is: 

RQ5: What opportunities exist to extend a theory of slow technology for 
interaction design through more diverse and expressive design qualities in 
relation to time?  

My primary aim here is to investigate the intersection of slow technology, temporality, 

and digital photos. My secondary goal is to contribute more broadly to the development 

and extension of the original slow technology vision and enable the theory to be more 

robust and practically accessible to design practitioners and researchers. We reported 
the results of our artifact analysis to illustrate how slow technologies could be designed 

to invite reflection in a recently published journal article:  

William Odom, Erik Stolterman, and Amy Yo Sue Chen. 2022. Extending a 
Theory of Slow Technology for Design through Artifact Analysis. Human–
Computer Interaction 37, 2, 150–179.  

The theory of slow technology was originally outlined by Hallnäs & Redström in 2001 

and where its vision was articulated through three core concepts: reflective technology, 
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time technology, and amplified environments [85]. In our work, we developed and refined 

eight design qualities through detailed artifact analysis of seven design artifacts that 

exemplify key aspects of the extended theory. Two of these design artifacts, 

Chronoscope and Crescendo Message, resulted directly from projects I have led. In my 

thesis, I contribute further to this artifact analysis by including PhotoClock within this 

collection of works and detail new theoretical insights that it reveals in light of our prior 

research (See more details in Chapter 7).  

Ultimately, this dissertation showcases the importance of investigating 

temporality in interaction design and ways of applying time to support people’s 

relationship with their vast and still growing digital archives (such as digital photos) as 

contributions for future HCI research and practices. The intended audiences of this work 

are HCI design researchers and practitioners who are interested in understanding more 

diverse approaches of creating new technologies that better support people’s longer-

term relationship with their digital photos, or with digital possessions in general. Another 

intended audience are HCI design researchers interested in advancing the design theory 

through a combined approach of practice-based and empirical design research. 

Secondary audiences may include researchers in the social sciences, humanities, and 

consumer behavior research fields that are interested in digital photos, memories, and 

people’s perception of temporality. 

1.2. Overview of chapters 

Collectively, my 5 sub research questions and their following investigations have 

formed my cumulative dissertation which consists of 8 chapters: 

Chapter 1 introduces the overarching research context and questions.  

Chapter 2 is a literature review of this work’s related fields. 

Chapter 3 describes the practice-based design research process of Chronoscope.  

Chapter 4 positions a designer-researcher approach within existing academic fields. 

Chapter 5 describes the findings of the field deployment study Chronoscope 
research products.  

Chapter 6 communicates the research through design process of making 
PhotoClock and the subsequent field deployment study of it.  
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Chapter 7 extends a theory of slow technology through design cases and qualities.  

Chapter 8 concludes this dissertation with a critical reflection on its emerged 
challenges, opportunities, limitations, and implications for future work. 

From Chapter 3 to Chapter 7, most of the content is adapted from my previous 

publications throughout the past 4 years in my doctoral study. At the end of Chapter 7, I 

have included an additional artifact analysis specifically on the PhotoClock project to 

further extend my contribution to this design theory project. Taken together, these 

chapters respond to my overarching research questions in a way that participants’ 

memory-oriented experiences with their personal digital photo archives have been 

supported and sustained over time through a diversified use of temporal metadata that 

allows a creative reorganization of one’s digital photos. At the end of this dissertation 

work, Chapter 8 described more design opportunities and challenges in relation to 

designing technologies with the temporal qualities produced from our artifact analysis. 

This dissertation concludes with a critical reflection on my accumulated investigations 

that have extended and applied a temporally enriched and diversified framing of slow 

technology for design. This critical reflection is provided with an aim to make a concrete 

research contribution to the HCI and interaction design field. 
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Chapter 2.  
 
Literature Review 

This section presents a synthesis of prior works in relation to digital photos, 

memory studies, personal data, and slow expression. These categories collectively point 

to research opportunities of creating alternative digital photo viewing systems that 

support people’s memory-oriented experiences in their everyday lives.  

2.1. Digital photo viewing experiences 

Digital photographs have existed for decades and represent one of the most 

prevalent and extensive forms of digital possessions that people have. Thus, it is 

perhaps no surprise that digital photos have received considerable attention in the HCI 

community and, more broadly, the social sciences and humanities. Numerous 

researchers have described the varied roles digital photos play in supporting identity 

construction (e.g., [40,41,89,236]) self-growth (e.g., [39,131,234]), practices of personal 

and collective remembering [5,21,45,46,145,235], as well as developing a cohesive life 

story over time [6,92,93,197,198].  HCI researchers have also long been interested in 

how people’s everyday interactions with digital photo capture, storage, and organization 

could be improved (e.g., [65,115,234,236]). 

Despite the valuable and diverse resources that digital photo archives can offer, 

the exponential growth of digital photos has made it difficult for people to access and 

engage with their vast collections [22,245]. Recent research by Bergman et al. [15] has 

shown that the adoption of smartphone has only exacerbated these difficulties as the 

production and proliferation digital photos continues to expand. Research has also 

shown design strategies for navigating large archives commonly mobilized in 

contemporary photo applications, such as long scrolling galleries of photos, are not 

effective prompts for remembering past memories [22] (See Figure 3). Scrolling galleries 

require photos to be opened to full screen before they can be fully recognized, which 

interrupts the experiential flow of browsing, thus limiting the capacity for reminiscence 

[5]. Other common strategies, like digital slideshows, overcome this tension by 

displaying photos in higher resolution, but introduce different complications—showing 
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only one photo at a time can cause people to lose the narrative context across the photo 

set which limits person-centered and episodic forms of remembering [2,5]. Further, 

slideshows require a subset of photos to first be curated from a large collection which 

diminishes capacity for spontaneous and serendipitous remembering experiences [5]; 

and, more generally, people tend to abandon efforts to manually curate digital photos 

[15]. 

  
Figure 3: Common photo viewing interaction design:  

(1) Scrolling Gallery, and (2) Slideshow. 
Images retrieved from Axtell et al.’s paper in 2022 [5] 

Design researchers have begun to investigate strategies to address these 

complex tensions and better support interactions with people’s photo archives that can 

scale over time. One key strand of research has focused on investigating how tangible 

interactions can be designed with personal digital photo archives [8,95,139,162,246]. A 

limited selection of design research projects, such as Photobox [162], ReFind [241], 

Memora [91], Photoswitch [52,53], and Fenestra [227], have shown the value of 

increasing the physical presence of digital photos in people’s everyday lives through the 

creation of new design artifacts.  
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Figure 4: Fenestra is a domestic technology embodied in the form of a 

wirelessly connected round mirror, photo frame, and candle that 
displays photos of departed loved ones. 
Images retrieved from Daisuke et al.’s paper in 2016 [227] 

These works have begun to illustrate how the combined qualities of form, 

materials, and interaction can lead to increased interactions with and perceived value of 

their digital photo archives as well as with the design artifact itself. Yet, they only focused 

on resurfacing a single or a small subset of photos in people’s life. Another major HCI 

research area has focused on how tangible interactions with digital photo archives can 

generate alternative ways to support open-ended experiences, such as locating and 

sharing memories with digital photos (e.g., [109,230]), catalyzing social conversations 

(e.g., [87,95,222]), and supporting both individual and social experiences of 

reminiscence and reflection (e.g., [162,174,222,228,246]). 

Other more recent HCI research has focused on creating interaction technologies 

for digital photos which include AR-enabled tangible photo viewing [27,83], two-sided 

formats for digital photos [81], and novel approaches for supporting photo taking 

practices such as selfies (e.g., [105,221]). While most of this research focuses on use-

cases involving individual photos or a small number of photos from the recent past, 

metadata has begun to be explored as a resource for augmenting human-photo 

interactions with added contextual factors. Tactics such as vote-based photo curation 

[249], environment-based remembering and searching techniques [97], and 
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multidimensional visualization of photo collections [102] have each been investigated to 

limited degrees, respectively. These investigations are largely motivated by a practical 

need to manage and organize digital photos. Yet, few works have explored how 

metadata, as a context provider, could be used to support more diverse forms of photo 

viewing and interaction.  

Overall, these collective works indicate that, while limited, there is growing 

interest in exploring new and novel ways to engage people’s digital photo viewing 

experience. They also show the real and complex frictions that come with massive 

personal digital photo archives, highlighting the need for a multiplicity of approaches that 

can enable people to get a grasp on their archives and re-experience the memories 

bound up within their archives. In my dissertation, I aim to extend these works by 

deploying and studying a novel system that supports rich, open-ended interactions with 

personal photo archives through and across time.  

2.2. Memory cues for autobiographical memories 

At the intersection of HCI and memory studies, photographs have been 

investigated as powerful memory cues for autobiographical memory. They are often 

considered as information resources that aid people in remembering and retrieving key 

contextual details of a memory tied to one’s personal history [196,204]. Research 

investigating memory cues has increasingly gained purchase within interaction design, 

with a particular focus on external memory cues – “physical or digital cues in tangible 

embodiment with an internal effect on memory reconstruction” [100:110]. Often initiated 

by memory cues, autobiographical memory is “memory for the events of one’s life 

…where considerations relating to self, emotion, goals, and personal meanings, all 

intersect” [34:103]. In contrast with autobiographical memories, a design research 

method named design memoirs have been developed with an aim to provoke curiosity 

about deeply felt and formative emotional experiences through a first-person practice-

based design process [44]. Taking these concepts in mind, one’s personal digital photos 

can be seen as an archive with a growing number of memory cues in it that support 

people in retrieving memories that, in part, construct their life history [99,143]. Most 

contemporary digital photo applications and storage services have been designed to 

support voluntary recall of autobiographical memories that “follow a controlled, strategic 

retrieval process” [16:279] which involves considerable amounts of intentional searching, 
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editing, and repurposing techniques for photos. Yet, involuntary autobiographical 

memories, such as seeing a picture with high school friends on a bedroom wall with no 

preceding attempt at memory retrieval, have been found equally frequent and important 

in supporting people’s everyday remembering processes [192]. People's experience of 

remembering can be seen as a situated and constructive process [10], and tangible 

memory cues existing in people’s living environments have been found highly effective in 

triggering involuntary autobiographical memories [16,99].  

Against this backdrop, I aim to extend these works through investigating the 

potential and limits of temporal metadata as a type of external memory cue. I aim to 

explore how a time-based retrospective remembering process might be enabled and 

supported by leveraging temporal metadata as the key design material shaping 

interactions and experiences with digital photos. I want to inquire into how different kinds 

of temporal contextual cues may help situate and interweave digital photos across one’s 

personal history. Thus, my research includes design and field studies detailing how 

rematerializing and reorganizing digital photos through a temporal lens shapes people’s 

situated experiences of reconstructing autobiographical memories. 

2.3. Personal informatics in data-driven lives 

The HCI community has had an ongoing interest in how personal data can be 

represented to support reflection on personal everyday experiences [36,56,82,170,189] 

and life histories [25,35,55,98] in ways that are open to ongoing interpretation [195]. 

Prior work has focused on the design of technologies that extend data, such as images 

or audio recordings, to physical cherished objects (e.g., [67,151,171,175]). Researchers 

have also begun to explore opportunities for enabling people to re-experience digital 

media from their past with photos, music, and social media (e.g., [98,113,167,218,219]). 

Over the past several years, HCI and design researchers have articulated new 

opportunities for using metadata “as a resource for people to manipulate and 

personalize their virtual possessions” [170:991]. Through the Curatorial Agents project, 

Gulotta et al. proposed that temporal metadata in particular can be leveraged “as an 

important factor in the meaning-making process [and] could be a contextual variable that 

helps situate digital information [for] evocative, meaningful, or relevant experiences.” 

[82:3460] Collectively, this research helped open opportunities for seeing metadata in a 

new way for design – not simply as a by-product of the creation and use of personal 
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data, but as a potential design material for supporting new ways of viewing experiences 

from one’s past from different perspectives. Elsden et al. argue there is a need to 

investigate the design of interactions with personal data that expand beyond “an 

exclusive interest in performance, efficiency, and rational [self] analysis” [57:48] and that 

emphasize interactions with personal data “representations that support multiple 

perspectives rather than reductive explanations” [57:47]. Elsden and colleagues later 

extend this work to articulate the design approach Documentary Informatics [54] where 

they propose key opportunities for future research: (i) exploring the role that data could 

play in shifting orientations to photography as a technology of memory [235] and (ii) 

giving data a fixed form to enable it to settle in place [216] as an ongoing part of 

everyday rituals and practices.   

Leveraging different kinds of metadata as filters to supporting alternative ways of 

data wayfaring [189] has also been proposed as a key opportunity area for generating 

new ways of reflectively orienting to key events, threads of history, and lifelong practices 

bound up in large archives of personal data [57]. Nascent design research has begun to 

show the promise of creating new technologies capable of supporting more nuanced and 

alternative interpretations of personal data in ways that can grow and change over time. 

The Olo Radio project [158,169] explored how metadata could be a resource used to 

reorganize and re-surface music that had been previously listened to in one’s past 

through different forms of time. This work opened new ideas about how metadata could 

be a design material for supporting memory-oriented interactions with digital media from 

one’s past in open-ended ways. The design and study of Slide2Remember unpacked 

how a wall-mounted photo viewer could randomly shows a user’s photo paired with a 

song that was listened around the same time when the photo was taken [114] (see 

Figure 5). This project demonstrated how pairing two forms of personal digital media that 

were bound to a similar point in time can support situated experiences of reminiscence. 

In both instances, by emphasizing the presence, coexistence, and even sequence of 

different digital instances based on their creation date, these design cases showed how 

to use temporal metadata as a strong resource to reorganize, resurface, and reconnect 

people with their personal life history more meaningfully. Yet, to date very limited 

research on metadata exists in the context of digital photos.  
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Figure 5: Slide2Remember installed on the wall of the home, showing the 

user’s photo and playing music that the user heard in the same 
period during which the photo was taken 
Images retrieved from Kim et al.’s paper in 2022 [114] 

My dissertation seeks to directly build on this prior research and contribute 

studies that investigate how temporal metadata instantiates a ‘place’ to have open-

ended experiences with vast personal digital photo archives. I discuss opportunities for 

memory-oriented photo archive interactions and ‘wayfaring’ through a temporal lens, and 

the roles that alternative representations of personal data could play in opening a space 

for exploring one’s life history from different perspectives over time. 

2.4. Temporality and slow technology 

Bound up in a personal digital photo archive, the scale and depth of different 

points in one’s life history are what motivated us to explore how digital photos could be 

re-experienced through a diverse temporal lens. In their foundational research on slow 

technology, Hallnäs and Redström proposed “a design agenda for technology aimed at 

reflection and moments of mental rest rather than efficiency in performance” [85:201]. 

This vision was extended through the critical argument that design practice must 

embrace a longer temporal trajectory to create “technology that surrounds us and is part 

of our activities over longer periods of time” [85:203] and “…that will last and develop 

over time” [136:11]. Since these foundational works, there has been a growing interest in 

exploring slowness and temporality as frames for the design of new technologies. Galani 

and Clarke [70] applied a slow technology framework to catalyze imaginative 

experiences through an augmented reality museum installation. Grosse-Hering et al.’s 

JuicyMo [80] and Pschetz and Banks’ Long Living Chair [180] each mobilized slowness 

to give rise to meaningful reflections on embodied practices with each artifact 

respectively, and prompt reflection their one’s relation to them over their lifetime. Taking 
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an analytical approach, Huang and Stolterman [101] utilized visual representation to 

examine temporal patterns and usage. 

   
Figure 6: Long Living Chair is a rocking chair with enhanced memory, which 

knows the day it was produced and can record how many times is 
used over the course of 96 years. 
Images retrieved from Pschetz and Banks’ paper in 2013 [180] 

A handful of works have explored how slowness could support meaningful 

experiences with digital data. Examples including the Reflexive Printer [223], Photobox 

[162], Olly [167], and Postulator [87] provide evidence that slowness can be a resource 

for supporting rich experiences, such as anticipation and reflection.  

  
Figure 7: Reflexive Printer prints a halftone photo from its user’s smartphone 

on thermal paper, and deletes it; Postulator is an online application 
that allows users to send multimedia messages, including images or 
videos, to a future date and time. 
Images retrieved from Tsai et al.’s paper in 2014 [223] and Hawkins et al.’s paper 
in 2015 [87] 

Yet, these systems enforce a ‘slow’ pace by restricting nearly all control people 

have over the system itself. Recent research has advocated for the need to create new 

approaches for advancing the high level aspirations of slow technology through design in 

ways that offer people some control over the system, while not compromising the 
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richness of this approach [163,169,179,181,222]. Pschetz and colleagues [20,181] offer 

a salient argument that projects aimed at designing for slowness may result in an 

oversimplification of the dichotomy between fast and slow by treating ‘time’ as solely a 

matter of pacing. Extending this argument, Rapp [184] proposed new opportunities for 

temporal technologies to enable more “malleable” representations of time with added 

control over the velocity of the interaction pacing. Collectively, these works highlight the 

need for research that explores temporal diversification through design and people’s 

lived experiences of it.  

My dissertation aims to contribute to these strands of research on slowness and 

temporality. I want to explore how multiple expressions of time can be used as frames to 

engage people and design temporally diverse interactions with vast digital photo 

archives.  

2.5. Research through design 

Because I have an open-ended overarching research question that aims to 

investigate in-depth human experience of living with digital photos over time, I adopted 

research through design [46] as the primary methodology. It produces real-world design 

cases that allows me to communicate complicated and abstract temporal notions with 

other people through a demonstratable artifact [9,19,72,248]. The artifacts also enable 

people’s actual interaction experiences with the systems as evidence for what insights 

interaction designers and researchers should take into consideration in the future.  

Research through design method directs interaction design researchers to 
investigate the benefits and consequences of potential socio-technical futures 
through a real-world artifact [248]. Through the production of a design artifact, this 
approach creates the context for a collaborative interdisciplinary research environment 

that could involve (but is not limited to) designers, engineers, anthropologists, and 

computer scientists. 

To investigate my research questions, I draw on three specific approaches in and 

across my cumulative Ph.D. thesis: a designer-researcher approach, a research product 

approach, and an artifact analysis approach. A designer-researcher approach is a 

practice-based design research approach in which researchers often work as a 
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multidisciplinary team to create a research through design artifact and generate insights 

from a first-person perspective. A research product approach aims to conduct a field 

deployment study to inquire people’s lived experience with a highly finished design 

artifact that can works independently in field over a long period. Artifact analysis is a 

reflexive analysis of a collection of design artifacts with an aim to discover new 

theoretical understandings. In the following subsections, I will unpack the details of each 

approach. 

2.5.1. A designer-researcher approach 

I take a designer-researcher approach to the creation of artifacts in my RtD 

process. This approach gives prominence to first-hand insights emerging through 
the creation of real things that materially ground conceptual ideas through their 
actual existence — “a process of moving from the particular, general and universal to 
the ultimate particular – the specific design” [147:33]. I aim to create new technologies 

that embody alternative temporal expressions of personal digital possessions and 

ground discussion around the highly finished design artifacts. The particular designer-

researcher approach I take originates with and is tied to design-led research in HCI. In 

this area, design researchers often function as a small but multi-disciplinary team that is 

reflexively focused on the experimental and novel outcomes of the design process that 

are critically and reflectively arrived at through design practice. Thus, design research in 

HCI can contribute a highly insightful, first-hand, and reflexive view of practices of 

making design artifacts in relation to higher-level concepts framing key decisions in the 

design process and in light of attendant materials, tools, methods, and competencies.  

Methodologically, this type of research work builds on a trajectory of research in 

HCI that emphasize the creation of new knowledge through design practice and a 

reflexive process (e.g., [9,42,58,212,248]). Similar to Schön’s notion of design as a 

conversation with materials [199], researchers engage in a reflexive dialogue with 

theoretical and design materials, and iterative development and critique of design 

concepts, to arrive at the final artifact design. This practice-based approach explores 

possible futures with people’s real-life experiences and to surface alternative 

perspectives and experiences. The designer-researcher approach tends to initiate an 

idea that emerged from personal expertise and research trajectories, pursue both the 



23 

robustness and creativity reflexively through crafting and living with the design artifacts, 

and require to form a unified narrative voice to report our research outcomes [155]. 

2.5.2. A research product approach  

Once a new technology is designed and created, I take a research product 

approach [168] to inquire people’s longer-term experience using and living with it in a 
real-world setting. Research products are design artifacts that are created to drive a 
research inquiry in a real-world context and that have a high quality of finish such 
that people engage with them over time as is (i.e., a thing), rather than what they 
might become (i.e., a prototype). Research products are created to operate 
independently for substantial time periods to support long-term field studies [210] in 

people’s daily environments. For example, they have been rigorously tested in domestic 

contexts for a number of months (e.g., [74,86,125,162]). In this research product 

approach, I apply methods such as semi-structural interview [202] and coding [194] to 

the deployment for data collection and analysis purpose. 

The RtD process does not necessarily need field deployment studies. Knowledge 

production can be done through the creation of artifacts and embodiment of theoretical 

concepts. However, with deployment studies, interesting and unexpected insights may 

emerge because participants reflect on and reframe their own experience from different 

perspectives. Most importantly, the researchers’ arguments can be further solidified by 

the results of real-world deployment. 

2.5.3. An artifact analysis approach 

As an additional part of my RtD process, my research team conducted a review 

and analysis of artifacts that are on the same temporally-oriented research trajectory to 

explore insights for developing a theory of slow technology design. We reviewed and 
conducted a reflexive analysis of a series of slow technology design artifacts with 
an aim to discover new theoretical understandings as an extension of the original 
proposal of slow technology. By selecting design artifacts from our own RtD projects, 
we can offer first-hand insights in and across the artifact collection. This approach 

reviews the prior design practices and artifacts in a reflexive and integral way. Not only 

does it inherit the benefits of taking a RtD designer-researcher approach, but that the 
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artifact analysis approach enables me and our design research team to reflect on the 

emerging design qualities and tensions in the design space of slow technologies. 

Collectively, the three specific approaches in my RtD inquiry were carefully 

selected to cover my investigation on the particular set of research questions in this 

dissertation. They each plays an important role in answering the specific sub research 

questions I stated in the Introduction section. The consecutive research questions and 

their following approaches I take accumulate and form the entire research process. 

2.6. Summary 

Overall, this literature review section describes a need to design digital 

technologies that better support people’s memory-oriented photo viewing experience 

and make the case that interaction design research ought to be more explicitly framed 

and investigated through a temporal lens. Although slow technology has provided a 

strategy to facilitate the development, the original paper and its following works did not 

propose the specifics of how more diverse expressions of time could be considered and 

created. Thus, I take RtD as the primary methodology and three specific research 

approaches as support to provide answers along the way. 
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Chapter 3.  
 
Chronoscope: Designing Temporally Diverse 
Interactions with Personal Digital Photo Collections 

3.1. Overview 

As noted in the Introduction, I started my RtD inquiry by closely reviewing 

numerous prior works in relation to digital photo viewing experiences and personal data. 

Projects such as Pensieve [174], Olly [166], and Olo Radio [158] show that temporal 

metadata could be a generative design material for reorganizing one’s digital archives 

and enabling new reflective experiences. At the time, temporal metadata had not been 

widely explored as a design material within the digital photo research space. This 

motivated me to have my first research project ground it in design practice and create a 

design exemplar through a critical and in-depth design research process. Thus, I 

proposed the following research question for my initial dissertation research: 

RQ1: What opportunities exist to leverage ‘temporal metadata’ as a design 
resource that supports memory-oriented ways of experiencing the trajectory of 
digital photos one has accumulated in their life? 

To address this research question, my objective was to conduct a practice-based design 

research study to explore alternative ways of using temporal metadata as a design 

material that enables people to view their digital photo archives as a whole1. My design 

research inquiry eventually led to the creation of a tangible photo viewer named 

Chronoscope, a domestic technology that leverages temporal metadata embedded in 

digital photos as a resource to encourage more temporally diverse, rich, and open-

ended experiences when re-visiting one’s personal digital photo archive. Next, I unpack 

the details of this design study. 

 
1 This chapter is adapted from a publication in ACM DIS’19 conference: Amy Yo Sue Chen, 
William Odom, Ce Zhong, Henry Lin, and Tal Amram. 2019. Chronoscope: Designing Temporally 
Diverse Interactions with Personal Digital Photo Collections. In Proceedings of the 2019 on 
Designing Interactive Systems Conference (DIS ’19), ACM, New York, NY, USA, 799–812. 
DOI:https://doi.org/10.1145/3322276.3322301 
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Figure 8: Leveraging the metadata of each digital photo, Chronoscope is a 

tangible device that enables interactions through and across time in 
one’s personal photo archive.  

3.2. Introduction 

Since the 19th century, photographs have operated as a key resource to support 

people’s practices of self-reflection, identity construction, and contemplation of the future 

[38]. Today, people’s photographic practices are highly mediated by digital devices and 

services. These technologies have enabled people to create photo archives at scales 

larger than ever before. As an example, it is estimated that people took roughly 1.2 

trillion digital photos in 2017 alone [26]. 

These massive and still growing archives pose new challenges for the design 

and HCI communities. As the digital photo archives grow larger, they become 

increasingly invisible, lacking the material presence that might attract people to notice 

and engage with the archive in the course of their everyday lives. This issue can also 

make it difficult for people to grasp just how big their digital photo archives are and what 

is contained within them (e.g., [245]). Numerous works in HCI have articulated the need 

for more diverse approaches to designing interactive systems that enable people to 

experience, explore, re-visit, and live with their digital photo archives over time in 

everyday life (e.g., [51,160,222,223,229,230]). Despite the wide range of personal 

experiences and histories captured in personal digital photo archives, few works have 

explored how more temporally diverse interactions might be supported (e.g., linear and 

non-linear conceptualization of time). 
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Interestingly, as a byproduct of people’s interactions with digital photo devices 

and storage systems, a standardized, accessible form of timestamp metadata is 

generated that captures precisely when a photo was originally taken. Yet, the productive 

application of metadata like this has largely been overlooked and under-explored as a 

design resource to support experiences of meaning-making, reminiscence, and 

reflection [57,170]. In parallel, as interactive technologies and personal data increasingly 

become embedded in people’s everyday lives, researchers have argued that this 

requires us to “investigate what it means to design a relationship with a computational 

thing that will last and develop over time – in effect, an object whose form is 

fundamentally constituted by its temporal manifestation” [136:11]. How might meaningful 

experiences with personal digital photo archives be supported and sustained as they 

grow, expand, and age over time? What opportunities exist for metadata to be leveraged 

as a design resource that supports new ways of experiencing the trajectory of digital 

photos one has accumulated in their life? 

To explore these questions and ground our own thinking in this emerging space, 

we designed Chronoscope, a robust design artifact that leverages the timestamp 

metadata attributed to each photo to open up new ways of experiencing the lifetime of 

digital photos in personal archives with added temporal diversity (see Figure 8). 

 
Figure 9: The Chronoscope UI visualizes the central photo’s location in time 

and provides corresponding data around it. 

Chronoscope enables users to interact with their photo archive through three 

rotational controls on viewing directions, timeframe modes, and viewing granularity. 

When peering into Chronoscope, a single photo tied to the specific time that it was taken 

(based on its timestamp metadata) will be visible (see Figure 9). A rotating wheel, as the 

scope's main feature, controls two directions: navigating forward and backward in time 

within the selected timeframe mode (see Figure 10). Navigating in a timeframe mode 
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occurs through a rotational movement (clockwise to move forward in time and 

counterclockwise to move backward). We selected physical rotation for this input as a 

subtle analogy to the circular shape of clocks and the temporal flow evoked by their 

movement. By rotating either direction, the user sees each photo in relation to a wide 

spectrum of other photos in the archive. When the user stops the rotation, Chronoscope 

settles on the specific photo associated with where ‘in time’ the position is in relation to 

selected timeframe mode. When switching the bigger knob on the side of the scope, 

users can seamlessly toggle between different temporal organizations of their archive 

through three timeframe modes (linear, date, time). When a new mode is selected, the 

center photo in view does not change, while the surrounding photos are replaced with 

ones from the new timeframe (see Figure 10). 

 
Figure 10: A use scenario of Chronoscope 
Left: Using his right hand the user manipulates a fully rotational black silicon surface (rotating 
clockwise moves ‘forward’ in time and rotating counter-clockwise goes deeper into the past). 
Middle: Peering into the eye piece through a magnification lens, the user views photos from his 
past. Right: The user manipulates a black metal knob that ‘tunes’ the granularity of photos that 
moved through in each rotation; the untouched knob toggles between timeframe modes. 

Chronoscope’s design enables the user to explore a wide range of potentially 

known, forgotten, or entirely unknown connections from different points in the past that 

are captured in the vast personal photo archives. While Chronoscope’s design is highly 

resolved, the user experience is largely undetermined and unstructured. It does not 

suggest where one ought to look in their past when deciding to engage with it. In this 

way, its interaction design is relatively minimal and constrained, while it may give rise to 

various open-ended experiences—moments of curiosity, contemplation, and exploration. 

Yet, engaging in the design of this device did produce challenges, particularly in terms of 

balancing the sheer quantity of data captured in a person’s personal digital photo archive 

with our goal of supporting open-ended and temporally diverse interactions through and 

across time. Such issues and experiences we encountered through our design process 
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provoked us to critically consider how designers interested in making technologies that 

manifest data in temporally diverse forms that can support open-ended (versus goal-

directed) experiences over time could be better supported in the future. It is these 

insights that emerged through the design of Chronoscope that we reflect on in this 

paper. 

3.3. Background and related work 

The related work falls into four sections: photo viewing systems, metadata, 

temporality, and design-led research.  

Digital photo viewing systems 

Digital photographs have existed for decades and are one of the most pervasive 

and extensive forms of digital possessions. Numerous researchers in HCI and DIS have 

describe the important roles digital photos play in supporting people’s ongoing 

processes of exploring and constructing a sense of identity [40,41,89], supporting self-

growth [39,131] and shaping people’s transitions and development of a cohesive life 

story [92,93,197,198].  

More generally, there has been an ongoing interest in how people’s everyday 

interactions and processes with digital photo capture, storage, and re-visitation could be 

better supported [22,144]. Building on earlier research on PhotoWork [115],  the recent 

work of Broekhuijsen et al. [22] shows new trends in people’s stages of photo 

interactions (accumulating, curating, retrieving, and appropriating) –emerging compared 

to what PhotoWork presented in 2006. 

Often building on the foundational research noted above, various design 

research projects related to digital photos have emerged to explore and better support a 

growing diversity of needs, experiences, and life stages  [8,81,160,222,223]. 

Interestingly, there is growing emphasis placed on the design and exploration of how 

tangible interactions and experiences can be designed with vast and growing personal 

digital photo archives (e.g., [8,160,246]). Recently, Hermans et al.’s work has shown the 

value of designing augmented jewelry that connects young girls’ digital photos, showing 

its precious physical presence of digital possessions [91]. Their work revealed that the 

attention to form, materials, and interaction triggered people to carefully protect the 
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design artifact and led to increased perceived value in the overall digital photo archive 

itself. Another major area of focus in the HCI community has been in how tangible 

interactions with digital photo archives can open up new ways to organize and share 

collective memories mediated by digital photos [109,230], provoke social conversations 

[87,95], and support collective experiences of reminiscence and reflection 

[87,109,160,174,222,223,228,229,246]. 

Overall, these collective works indicate that, while limited, there is a nascent but 

growing interest in exploring new and novel ways to engage people’s digital photo 

viewing experience. Our research aims to extend these works by proposing and 

reflecting on a novel system that supports rich, open-ended interactions with personal 

photo archives through and across time.  

Exploring metadata as a design material  

Our approach to designing rich interactions with personal photo archives heavily 

draws on temporal metadata as a design material. Over the past several years, a 

growing amount of research projects have investigated how personal data can be 

represented in new ways to support reflection on people’s everyday experiences 

[56,82,170]. Through the Curatorial Agents project, Gulotta et al. [82] proposed that 

temporal metadata can be leveraged “as an important factor in the meaning-making 

process [and] could be a contextual variable that helps situate digital information [for] 

evocative, meaningful, or relevant experiences.”  

Through a synthesis of five previous studies, Odom et al. [170], propose 

placelessness, spacelessness, and formlessness as three core experiential qualities of 

virtual possessions. Perhaps most importantly for our work, they articulated numerous 

design opportunities for using metadata “as a resource for people to manipulate and 

personalize their virtual possessions.” This research helped open opportunities for 

seeing metadata in a new way for design – not simply as a byproduct of the creation and 

use of personal virtual possessions, but as a potential design material for supporting 

new ways of viewing experiences from one’s past from different perspectives. Odom & 

Duel offer an early design research study aiming to mobilize this implication through their 

creation of OLO radio [158]. This project explored how metadata could be a resource 

used to reorganize and re-surface music that had been previously listened to in one’s 

past. This work opened new ideas about how metadata could be a design material for 
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supporting interactions with digital media from one’s past in open-ended ways. Yet, no 

research to date has explored this concept specifically in the context of digital photos.  

Our work seeks to directly build on this prior research and contribute a reflexive 

design-led case investigating how metadata can operate as a rich design material for 

supporting open-ended experiences with vast personal digital photo archives. In this, we 

surface and reflect on key differences in applying metadata to photo in comparison to 

other types of media in this emerging design space.  

Temporality and interaction design research  

Our research is also influenced by prior works investigating designing for 

temporality and slowness. Hallnas and Redstrom describe slow technology as “a design 

agenda for technology aimed at reflection and moments of mental rest rather than 

efficiency in performance” [85]. Numerous works have sought to mobilize a slowness 

framing to investigate how technology can better support experiences of reminiscence, 

anticipation and even solitude (e.g., [32,87,162,222,223]). These works make clear that 

the slow technology design philosophy helped give form to a design space that brought 

the need to consider time and more temporally diverse ways through interaction design 

research. 

Extending this work, Vallgarda frames slow technology as aiming to “slow down 

the expressions of computations enough to let us experience them.” This statement is 

foundational to her argument that interaction design practice ought to be considered 

through a set of relations among physical form, interaction gestalt, and temporal form 

[231]. In parallel, Pschetz [179] makes a compelling argument that it is essential for 

interaction design research to inquire into generating new possibilities for people to 

perceive and consider multiple temporalities. The temporal properties of physical 

materials such as decay and patination are also explored through the study within HCI 

field [224]. Albeit from a different perspective, this argument resonates with Huang and 

Stolterman’s work [101]. Through several design-oriented inquiries, they developed an 

analytical way to explore and examine how interaction unfolds over time. They articulate 

processual categories, including relationships between specific moments, sequences, 

motion patterns and action paths, and make the case that interaction design research 

ought to be more explicitly framed and investigated through a temporal lens.   
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Our work aims to build on this trajectory of research. We want to explore how 

linear and non-linear expressions of time can be used as a frame to design temporally 

diverse interactions with personal digital photo archives through a design artifact that 

enables these experiences. 

Design-led research in HCI 

There has been increasing interest in the development of new knowledge 

through the construction of design artifacts in the HCI community. Fallman [58] argues 

the core activity of design research is giving form to previously nonexistent artifacts to 

uncover new knowledge that could not be arrived at otherwise. Researchers such as 

Gaver et al. [72], Sengers et al. [207], Zimmerman et al. [248], Bardzell et al. [9], and 

Stolterman and Wiberg [212] have articulated design-oriented approaches that are 

united in their emphasis on the act of making as a means to critically investigate 

emerging issues in HCI research. Most recently, there is a growing call for HCI research 

that closely attends to the processes of creating design artifacts [60,64,110,177]. 

Collectively, these works highlight the need for more examples of design research to 

develop a foundation from which future methods and theories can be developed.  

Our work modestly attempts to bring these different strands of research together. 

We want to investigate how technologies might be designed to embody alternative 

expressions of personal data that can support and sustain rich temporal experiences. 

We do this by grounding discussion around the design of a highly finished design artifact 

that aims to make concrete new ideas for using metadata as a design material to 

support temporally diverse interactions with personal digital photos archives. 

3.4. Chronoscope design research process 

Our approach to our research inquiry originates with and is tied to design-led 

research in HCI. We adopt a designer-researcher position that gives prominence to first-

hand insights emerging through the creation of real things that materially ground 

conceptual ideas through their actual existence—“a process of moving from the 

particular, general and universal to the ultimate particular – the specific design” [147:33] 

Designer-researchers often function as a small but multi-disciplinary team that is 

reflexively focused on the experimental and novel outcomes of the design process that 

are critically and reflectively arrived at through design practice. Thus, design research in 
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HCI can contribute a highly insightful, first- hand, and reflexive view of practices of 

making design artifacts in relation to higher-level concepts framing key decisions in the 

design process and in light of attendant materials, tools, methods, and competencies.  

As an interaction design research team, we created Chronoscope in our design 

studio setting to explore potential future temporally diverse interactions with personal 

digital photo archives. The studio environment and culture supported us to iteratively and 

simultaneously experiment with digital prototypes and physical forms. This process 

enabled us to reflectively examine the interplay among interaction, temporal expression, 

physical form, and materials, and their individual and collective relation to our conceptual 

framing. Our design team includes two primary investigators and other researcher with 

expertise in computer science, electronics prototyping, form design, and digital 

fabrication. We want to create a design artifact that could open a broader space for 

navigating one’s photo archive through linear and non-linear temporal organizations. The 

goal of our inquiry is to better understand how designing temporally diverse interactions 

might catalyze a range of open-ended experiences, such as curious exploration, 

interpretation, and reflection on memorable, forgotten or previously unknown 

connections in and across the experience captured in a personal digital photo archive. 

Our interest in this notably wider spectrum of potential interactions is in part inspired by 

the concept of ecphoria [225,226] which refers to the experience of recalling a fuzzy or 

entirely forgotten memory when prompted by sensory input – in our case, digital photos 

from one’s past.  

Our design attitude was influenced by several approaches including ludic design 

[73,74], reflective design [207], and slow technology [85]. Methodologically, our work 

builds on a trajectory of research in DIS and HCI that emphasize the creation of new 

knowledge through design practice and a reflexive designer-researcher approach (e.g., 

[9,42,58,212,248]). With this in mind, the development of Chronoscope consisted of the 

following. We reviewed theoretical literature, studies, and a range of design works. 

Similar to Schön’s notion of design as a conversation with materials [199], we engaged 

in a reflexive dialogue with theoretical and design materials, and iterative development 

and critique of design concepts, to arrive at the Chronoscope design. 
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Working with metadata to explore alternatives for organizing and engaging with 
digital photos 

While we explored design ideas related to interaction, form, and materials in 

parallel, an important early decision was to develop working software that could capture, 

structure, and organize a user’s digital photos based on the metadata records encoded 

into each photo related to exactly when, where, and at what time the photo was taken. 

We decided to initially focus on Dropbox as the platform to link users’ personal digital 

photo archives for a few important reasons. First, the service is robust, preserves the 

integrity of photo metadata, and offers an API that makes the photo archives efficiently 

accessible. Second, it can be configured to automatically sync with one’s digital photo 

archive as long as the Chronoscope app is authorized, making it easy to maintain an up-

to-date archive. Third, the service has been around for over a decade, which makes it 

possible for us to engage with large and still growing photo archives. 

This decision does come with tradeoffs: a key limitation is that not ‘all’ digital 

photos that a user has taken in her life are necessarily guaranteed to be captured in 

these archives. Yet, it did offer stable, substantive, and continually growing networked 

digital photo archives contained within a widely adopted service that hints at what likely 

will become one major kind of large personal photo archives that people increasingly 

accrue over time. 

We then developed a Python script that generates a unique, daily updated 

database of a user’s entire personal digital photo archive complete with metadata 

elements associated with each photo. In this way, Chronoscope sits outside of the direct 

infrastructure of a user’s pre-existing personal photo archive; it mirrors but does not 

directly influence it. This decision supported our aim to not ‘replace’ people’s current 

experiences with their digital photos, but rather to leverage these pre-existing practices 

and extend them. 

Taking into account our aim to design a personal photo viewer, we iteratively 

developed a technique to generate thumbnail size images that would be easily portable 

to a smaller, embedded display. This also enabled us to work with vast amounts of 

digital photos in a fast and more flexible way. We then tested our software with various 

design team members’ personal Dropbox archives that exhibited, at that time, a range 

between 35,000-160,000 photos. Through this process, it became clear that we needed 
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to develop an approach to balancing the richness of each individual digital photo and the 

sheer scale of content, while keeping the design relatively simple and engaging. 

Temporal and geolocative metadata presented intriguing materials for us to 

leverage in grappling with this complex design issue. Through early experiments using 

each type of metadata available from digital image files (see Table 1), we found that 

temporal metadata, as our primary design material, emerged as the best fit to our goals 

of creating a technology that supported exploration of prior life experiences across and 

through time. This triggered our next move, which was to explore how we could structure 

a large personal photo archive in temporally evocative ways. A linear temporal sequence 

(e.g., similar to a timeline) emerged as an initial metaphor that could easily be mapped 

to direct manipulation. Considering the sheer size of such archives, a rotational 

interaction for manipulating and navigating digital photos appeared intuitive – rotating 

clockwise implicitly suggested moving ‘forward’ in time (closer to the most recently taken 

photo), while rotating counter-clockwise moved ‘back’ in time. A continuous rotational 

interaction also appealed to us because it was extensible; as one’s photo archive grew, 

it only required more rotations to navigate it. Conceptually this meant we could support a 

boundlessly growing archive without a mechanical ‘endpoint’ blocking navigation once a 

terminal size of the photo archive had been reached. (although practically this created 

other design issues that we had to overcome as described later). 

Table 1: Partial EXIF data that could be used as design materials 

Camera Time 

Make Google DateTimeOriginal * 2019:03:31 13:51:24 

Model Pixel 3 CreateDate 2019:03:31 13:51:24 

Exposure 1/2347 ModifyDate 2019:03:31 13:51:24 

Aperture 1.8 Image 

Focal Length 4.4 mm ImageWidth 4032 

ISO Speed 57 ImageHeight 3024 

Flash Off Compression JPEG (old-style) 

Location 

Latitude * 49.210597 N Altitude 22.06 m  
Above Sea Level 

Longitude * 123.008689 W 
* prone to support people’s contextualization of memories 
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Yet, using temporal metadata to only represent one’s vast digital photo archive in 

a linear order seemed underwhelming and unlikely to support the diverse range of 

exploratory, unexpected, and reflective experiences over time. This prompted us to 

explore how we could use the metadata of each digital photo as a resource to generate 

various ways of temporally and thematically organizing all elements in the archive. We 

then conducted iterative design investigations that involved creating scripts to explore 

different kinds of metadata organizations and structures. Prototyping an application in 

Processing that initially used rotational movement via a rotational button on a Nintendo 

switch greatly aided us in this process by offering a visual  representation of the specific 

photo that was the central focus of the experience, while also making visible other forms 

of secondary metadata that was associated with the image (e.g., geolocative data, file 

size, device the photograph was originally taken on). While somewhat crude, this design 

move helped us overcome the feeling of being overwhelmed by the sheer amount of 

photos and attendant types of metadata in a large photo archive. 

Somewhat incidentally, our early visual prototype enabled us to quickly move 

across a large number of photos in an archive while simultaneously seeing timestamp 

information separated by time of day and date (see Figure 11). This opened up two 

important kinds of experiences. First, we were able to deeply focus on one photo and put 

the textual representation of metadata beside it to jog the user’s memory of details 

surrounding the experience in it. Second, if the meaning of the photo was unclear or 

curious, we could rapidly navigate through clusters of photos before and after it to 

stimulate recollection of past experiences peripheral to it. Through this process, we 

found that temporal metadata offered an accessible and vibrant range of ways for a user 

to explore possible recognizable and lesser known patterns and connections in, around, 

and across their vast photo archive. We then iteratively developed three distinct 

timeframe modes for organizing a user’s digital photo archive that ultimately seemed to 

make use of temporal metadata to open up a diverse set of possibilities while still 

balancing the need for the user experience to remain intelligible.   
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Overall, we have created two prototypes. One is a Processing app (as mentioned 

in the previous section) we produced early in our design process to rapidly explore 

interaction and interface design alternatives. The other one is an iOS app that enabled 

us to quickly generate up-to-date photo archives locally. We applied the same logic from 

the Processing prototype and translated the programming codes into Objective-C to 

create a working application on the iOS platform. This shift enabled us to fluidly create, 

test, and prototype interactions with actual large photo archives (e.g., 160,000 distinct 

images). We then redesigned the user interface (as shown in Figure 11) and distributed 

the mobile app for testing among our design studio and members of our studio outside of 

the design team. This early app version of Chronoscope enabled us to sync it to our own 

digital photo collections (assuming they stored their photos in Dropbox). Through a 

reflexive process of living with the prototype application, discussing our experiences with 

it among the design team, and interviewing others members in our studio that were 

using it as well, four insights surfaced and broadly impacted our final design: timeline 

style, time index of current center photo, timeline labels, and visual arrangement of 

metadata.  

As Figure 11 shows, all the information in the Processing prototype is presented 

on the top left, which requires time to digest the heavy text and makes it hard to notice 

the three timeframe modes. No clear indication of location in time is noticeable. 

Therefore, we made several adjustments in the iOS version. The first is the timeline 

design. As the second row in Figure 11 shows, each marked scale stands for one unit of 

time (e.g., year, day, hour). The red index indicates the user’s location in time. It remains 

at the top of the timeline. When the user is switching photos in a timeframe mode, the 

circular frame rotates to provide a subtle indicator that the new selected photo is at a 

different location in time. We also included photos right next to the center photo and 

have them smaller and more opaque. By doing so, we were able to generate a stronger 

sense of peripheral awareness that could help encourage a sense of curiosity in the user 

or put together unanticipated idiosyncratic connections in and across the photos and 

modes potentially, while leaving it open for them to make their own self-determined 

decisions.  

Furthermore, we included a handful of labels on the scales to make clear to the 

user which timeframe mode they are currently in. The timeframe mode indicator on the 

top right part of the screen helps users make sense of the different temporal 
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organizations of their photo archive. When the mode is changed, there is an animation of 

the new photo collection sliding and fading in (and the old one sliding and fading out), 

which we intended to draw attention to the transition between modes. Last, geolocational 

data in presented on the bottom left of the interface to offer a subtle reminder of where 

the photo was taken (e.g., in the case that the photo is not immediately recognizable or 

otherwise completely unknown). 

Our experience of using and reflecting on the iOS prototype app of Chronoscope 

among design team members also revealed new design issues. To begin with, the 

fluidity—the ability to zoom through the photos—was not supported well due to the 

interactive constraints of a mobile phone. This generally complicated our ability to 

experience a sense of flow as we moved in and across our respective photo archives. 

The typical gestures people used to interact with mobile apps made the interaction with 

Chronoscope either too discrete (e.g., tapping to advance forward or backward in time) 

or too imprecise (e.g., swiping to move through a small sequence of photos). Although 

the iOS prototype validated core aspects of our design, the quick rotational movement 

through one’s massive archive was not well supported compared to the continuous 

interaction supported by the switch controller in the Processing prototype.  

It also became clear that we needed to add in subtle support for more peripheral 

awareness – representations of photos directly next to the one that is currently being 

viewed in order to support a sense of transition change when entering a new time mode. 

Through iterative design explorations of the peripheral awareness concept, it became 

apparent to us that this is an interesting and important temporal interaction feature 

because it is quite different from typical or traditional interaction design practice – the 

idea of replacing all the surrounding data elements of the entity being viewed to indicate 

a timeframe mode change, rather than changing the core entity itself. While nuanced, 

this subtle feature proved to enrich the interactive experience with Chronoscope, which 

we elaborate on more next. 

Balancing scale and tuning temporal granularity  

The design insights that reflexively surfaced through our creation and use of the 

first two prototypes redirected us to explore more engaging photo viewing experience 

with a tangible prototype that not only adopts the technique of using rotational movement 

to switch photos and timeframe modes but also supports movement through the sheer 
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size of one’s massive photo archive. To fully realize this vision, we made the design 

decision to use rotatory wheels to imply the ongoing, fluid notion of time. On a technical 

level, we achieved this goal by designing an electronic circuit with three rotary switches, 

240 x 240 LCD color display and a Raspberry Pi Zero W as Chronoscope’s embedded 

CPU.  

However, we encountered a tension related to the sheer size of the photo 

archive. For example, if a user has 20,000 photos and she aims to navigate to a specific 

time of her photo collection, it would take her about 2.77 hours to get there since each 

rotation moves through the photo archive by only one photo as a unit (and it takes about 

0.5 second per rotation). With a larger archive, such as 200,000 photos the scenario is 

much worse (about 27.7 hours of continuous rotation).  

This design issue revealed to us that we would need to build in a support for 

‘tuning’ the number of photos (or granularity) that one moved through for each rotation. 

In other words, we needed to enable people to move through their photo archives in very 

slow, precise and considered ways if, for example, they encountered a set of photos that 

triggered deep reflection or examination. Equally, we needed to provide quick movement 

across vast amounts of photos without an excessive amount of rotations, while retaining 

a subtle awareness of what had been passed over. We termed this interaction design 

quality temporal granularity. With added control over the number of photos to be moved 

across in each degree of rotation, people would be able to ‘tune’ the speed through time 

that they move across elements in their photo archive. This decision was influenced in 

part by Gaver and colleagues’ concept of balancing control and drift [73,74]. The ‘tuning’ 

feature opens up more freedom and flexibility for the user to move through photos from 

minutes in a day to years of one’s life, making it easy to slow down or speed up in real 

time. Ultimately, we found this design decision to be valuable in that it makes use of 

metadata to support not only movement across time (both the linear and non-linear 

modes), but also movement through time in a more extended or diverse way. 

We iteratively worked to establish upper and lower boundaries of the temporal 

granularity knob, which proved to be a delicate balance. Through these design 

explorations, we found that if the upper bound of photos users could move through with 

one rotation was too high, they would easily get ‘lost in time’. Imagine if a user made one 

rotation and moved 10,000 or 20,000 photos ahead in time. Even with the metadata the 
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photo visible, experiences like this were quite confusing, disruptive and unpredictable. 

However, if the maximum threshold was too low, then we would experience getting 

‘stuck in time’ where, in all likelihood, we would never be able to get out of the general 

place in time that we were located at unless we toggled between various modes (e.g., if 

you could only advance 5 photos per rotation and you had 200,000 photos, it would still 

take forever to arrive the target destination). Ultimately, through this reflexive process of 

trial and response among our design team, having 1 photo per rotation as a minimal 

threshold worked well, while having 300 as the upper limited provided an ideal balance. 

Creating a form to invite curious exploration over time  

Giving an appropriate physical form to Chronoscope pushed us to critically 

consider the aesthetics, material presence, and holistic integration of design elements. 

Our process was highly inspired by scope-like forms which not only suggest rotation-

based tangible interaction but also invite users to view and contemplate the viewed 

phenomena in an intentional, inquisitive way (see Figure 13).  

 

 

 
 

(a) Rotation (b) Kaleidoscope [214] (c) Telescope [111] 

Figure 13: Form and Interaction Design Inspiration 

Throughout the ideation process, we looked toward the aesthetics, functions and 

the human-object relationship of various types of scopes for inspiration. For example, we 

considered the role of telescopes in probing and exploring outer space and microscopes 

in closely observing biological organisms and molecules. We also considered 

kaleidoscopes that use embedded mirrors to reflect objects and generate repeating 

geometric patterns, and often work for both direct in-use entertainment and decorative 

ornaments in one’s home. Although exhibiting clear differences, these three scope 

examples represent quality objects that can be directly engaged and simply lived-with. 
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Collectively, these scope artifacts enable people to see what they normally cannot in 

unusual and potentially profound ways. These explorations inspired us to adopt a scope-

like form for our final design artifact—one that would encourage deep consideration and 

exploration of elements in one’s personal archive. The near-eye viewer quality of this 

form is also notably personal and support our goal of design for experiences of individual 

reflection on one’s past. This decision primed us to the next stage of designing the 

physical form for the Chronoscope. 

We arrived at the primary rotation wheel design (see Figure 10-Left) due to its 

corresponding size as the circular timeline design on our interface. We associated the 

respective timeframe modes and temporal granularity with a similar style of rotary 

switches and knobs common on microscopes to adjust the visual focus (see Figure 14).  

 
Figure 14: Three physical controls used to select viewable photo, timeframe 

mode, and to tune the temporal granularity. 

Regarding materials, the use of silicone and quality fabricated plastics offers 

durable, cleanable, and long-lasting materials. It also enabled us to easily use color to 

accentuate parts of the design and make them easier to use while still holding up over 

time. The physical form itself is of a size easily usable for many people of different ages 

and sizes; that is, it could be eventually passed down or take on different roles over time 

(e.g., an elder that once had it when young, uses it to show and tell stories to a 

grandchild about what life was like before). We envision Chronoscope to have a similar 

longer-term position and quality of use in people’s lives, which oscillates between direct 

interactions and passive presence as a person’s photo collection grows and ages over 

time. 
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3.5. Discussion and implications 

Developing approaches and strategies to create design artifacts that express 

different perspectives on and representations of vast personal digital photo archives over 

time presents important opportunities for the HCI community. Through a critical reflection 

on our design-led research process, we highlight challenges that come with this 

emerging space and insights into how they could be better grappled with in future 

research and practice. 

3.5.1. Designing interactions with personal photos through and 
across time  

Chronoscope’s defining quality is its open-ended, and relatively undetermined 

character, which is projected through its interaction design, physical form, and 

unobtrusive, yet inviting aesthetics. Core to our aim of supporting opened-end 

experiences is the use of temporal metadata to offer a range of possibilities to the user – 

to explore known past memories, stumble into once forgotten, yet easy to recall prior 

experiences, and to explore and potentially make connections across non-linear 

temporal trajectories of one’s personal photo archive.  

Prior research has shown how randomness, in particular, has emerged as a 

popular strategy for catalyzing open-ended experiences with large archives of digital 

photos [162,223] and more generally digital media [118,119]. Yet, while valuable, such 

an approach would fail to make use of the precise temporal information that metadata 

offers as a valuable design resource. Further, simply implementing a random approach 

might open an opportunity to reflect on a specific past moment in time, but it would miss 

the opportunity to open up new possibilities for establishing connections among digital 

photos through and across time. 

The precision offered by the collective amount of temporal metadata spread 

across individual photo elements in a personal archive enabled us to develop a novel 

interaction design that offered users total control over navigating and viewing their 

archive from various perspectives, while leaving the chosen pathway undetermined and 

up to them. Yet, design process was not a straightforward path. Through working with 

the metadata, we eventually developed three different timeframe modes for organizing a 
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photo archive. This offered a technique that could enable a user to explore connections 

across 1 linear (‘linear’) and 2 non-linear (‘date’, ‘time’) conceptualizations of time. We 

then iteratively developed an approach that supported dynamic, continuous navigation of 

photos, whether backward or forward, through time.  

These design moves were key to the early success of our design process. 

However, we quickly encountered additional design issues. The sheer size of digital 

photo archives could easily leave users stuck in time – it could require days of 

continuous rotations simply to navigate through all of one’s digital photos if one photo or 

a few advanced per one rotation (indeed it is easy to imagine that it could take weeks or 

months as we consider the size of digital photo archives in the near future). This 

prompted us to design an additional interaction feature that could enable users to ‘tune’ 

the number of photos that would be advanced per rotation. Yet, this introduced other 

challenges. If the upper threshold was too high, then a user could easily become lost in 

time as they navigated a large amount of photo in one turn (i.e., effectively flashing 

ahead into the future or back into the past without a clear point of reference). Ultimately, 

through an iterative process, we determined that an approximate threshold that would 

help mitigate these collective design issues – at least for the time being.  

Our unpacking of the design process illustrates that there are opportunities for 

future research to explore how temporal metadata can be used as a resource for 

supporting idiosyncratic and self-determined explorations of vast personal data archives 

across and through time. Yet, it is also clear that design researchers are likely to 

encounter design issues related to the scale and temporal dimensions of personal data 

archives, which may be difficult to anticipate. In our view, there is a need for future 

research to better understand and develop design techniques, approaches, and 

strategies that enable such rich and diverse temporal interactions with their vast 

personal archives. Our work suggests that tuning temporal granularity is one pathway 

into supporting future HCI research and practice initiatives in this emerging territory. 

There is an opportunity to explore designing interactions through and across time further 

in the context of digital photo archives on both personal and social levels, as well as for 

other types of data (e.g., audio, video, text, social media data, etc.).   



46 

3.5.2. Investigating metadata as a design resource 

Building on prior work [158], our design process highlighted a need for new 

approaches to support practicing designers in understanding and working with metadata 

as a design resource as a starting point in the design process. Our early incidental 

decision to prototype a visual interface that displayed metadata (primarily including 

temporal and location data) as we rotationally navigated through a linear organization of 

photos crucially informed our design approach and, ultimately, our final design. Through 

iterative explorations, we developed techniques for organizing a user’s photo archive in 

different temporal formats. This proved critical for our design team to gain a better grasp 

on how to conceptually and practically deal with the sheer size and scale of large 

personal photo archives. However, as noted, these early experiments were crude and 

somewhat accidental. While they operated as ‘windows’ into the possibilities that such 

metadata might offer, they were very primitive on visual, expressive, and interactional 

levels. These barriers and the bottom-up approach we had to adopt to develop our own 

visual applications and technical infrastructure delayed our moves to develop a 

sensibility for understanding the temporal aesthetics of digital photo metadata and the 

potential value they might have for design. Ultimately, these efforts were worthwhile as 

they catalyzed our development of a rich rotation-based interaction design combined 

with the ability to toggle across linear and non-linear timeframe modes and ‘tune’ one’s 

desired granularity for moving through time.  Taken together, these elements produced 

the defining design quality of Chronoscope.  

As interaction designers increasingly aim to leverage metadata as a design 

material [82,158,170], there is an opportunity to develop new interactive tools that better 

support design teams in rapidly surfacing and prototyping different temporal textures, 

patterns, and themes in large metadata archives. Similar to how our incidental early 

experiments eventually led to a novel interaction design, such resources could better 

support the development of richer design strategies and design exemplars that can be 

scaffolded in the next stages of the design process. Better supporting such creative and 

frenetic practices early in the design process will help designers develop a deeper 

sensibility and intuition for working with large personal media archives. We imagine that 

this, in turn, will help generate opportunities that better respond to calls in the HCI 

community to create design artifacts that exemplify rich and diverse alternative 

expressions of personal data in everyday life [54,57]. Research in the DIS and HCI 



47 

communities has already begun to develop initiatives to support designers in getting a 

grasp on the immateriality of software, data, and algorithms [48,172,201] that could be 

leveraged in support of future research in this direction, as could research on developing 

tools for designers [141,211].  

3.6. Conclusion and future work 

Through grounding our design-led research in the proposal of Chronoscope, our 

work aims to contribute to growing calls in the design and HCI communities to create 

design artifacts and exemplars capable of a) opening possibilities for forming relations to 

and interpretations of our growing amounts of personal digital data [57,160,203] and  b) 

expressing more diverse perspectives on temporality through design [126,179,232]. Our 

proposal and description of the Chronoscope design artifact helps make a concrete 

approach to making use of temporal metadata as a design resource to express and offer 

engagement with multiple temporal representations of and interactions with one’s digital 

photo archive. Chronoscope’s interaction design paired with relatively minimal feedback 

(other than photos from one’s life) offers promise to open a space for a range of open-

ended experiences to emerge with it over time.  

Importantly, our aim is not to be conclusive. Rather, we aimed to describe, 

unpack, and critically reflect on the Chronoscope in a generative way to inspire future 

design-oriented research that inquiries into the place, pace, and expression of personal 

or social data in people’s everyday environments. In our future work, we aim to create a 

small batch of highly-finished, robust Chronoscopes to deploy and study in the context of 

people’s everyday lives. We want to further understand how temporal metadata can be 

applied as a design material to support linear and non-linear encounters with prior life 

experiences captured in personal digital photo archives. On a broader level, we hope 

that our detailed reflexive description of Chronoscope and discussion of the resulting 

implications can be appreciated as an effort to better support design-oriented forms of 

knowledge production in the HCI community. 
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Chapter 4.  
 
Crafting temporality in design: Introducing a 
designer-researcher approach through the creation 
of Chronoscope 

4.1. Overview 

Building on the Chronoscope design study in the previous chapter, I reflected on 

the Chronoscope design research process more deeply from a methodological 

perspective. It was through this process that my second research question emerged: 

RQ2:  What are viable conceptual frameworks for conducting practice-based 
design research that utilize notions of time to invite one’s reflection on their vast 
and still growing digital photos? 

For this question, in collaboration with my supervisor, I led the writing of a book chapter 

in a research handbook for a broader audience of practice-based researchers and 

practitioners2. We critically reflected on what design philosophies and approaches had 

highly impacted how we think and make design decisions throughout a design-led 

process. This publication gives a sense of what our research team’s particular designer-

researcher approach is and position this approach among existing practice-based 

research methods or concepts in the design research field. 

Next, I unpack the details of this particular designer-researcher approach. 

  

 
2 This chapter is adapted from a book chapter: Amy Yo Sue Chen and William Odom. 2021. 
Crafting temporality in design: Introducing a designer-researcher approach through the creation 
of Chronoscope. In The Routledge International Handbook of Practice-Based Research. 
Routledge, 368–380. 
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4.2. Introduction and background 

We now live in a world where digital technologies mediate many aspects of 

people’s everyday lives, and this situation challenges design-led research as it struggles 

to adapt its methods to the speed of rapid technological change. The convergence of 

social, cloud, and mobile computing have made it easy for people to stay constantly 

connected, and to create and share personal data at rates faster and scales larger than 

ever before. For example, social media services currently receive approximately 21,000 

photo uploads per second and 657 billion photos annually [140]. These new 

technologies have enabled people to create vast digital archives that capture their 

personal history and life experiences, which can be valuable resources for connecting 

with others and reflecting on one’s own life. Technological trends toward constant 

connectivity and the proliferation of personal data have opened many benefits. However, 

wide-ranging experiences of overload are emerging as people struggle to make sense of 

the masses of digital data they now create and receive. People are experiencing loss of 

control over the digital archives that capture their life experiences as they become 

oversaturated and fragmented [170,205]. Therefore, there is a clear need to develop 

new ways to support people in making sense of their ever increasing archives. 

Technologies are being designed without a clear sense of how people could 

develop longer-term experiences with them and the digital media archives that they 

produce. This threatens the ability for digital media and technology to be enduring 

valued resources for meaningful activities, such as reminiscence, contemplation, and 

social connection. These consequences are likely to become even more entangled and 

complex for future generations if current trends continue. As interaction design 

researchers, we cannot help but wonder: How can we advance design processes to 

enable digital artifacts to more appropriately support the meaningful activities of people’s 

lives? How can technology be designed to become longer-term everyday resources that 

evolve over time? What kinds of interaction qualities and design decisions ought to be 

taken into account in design practice to engage with these issues?  

In their original article on slow technology, Hallnäs and Redström advocate 

creating technology that persists for long time periods in people’s lives [85]. At the heart 

of this design philosophy is the aim to encourage experiences of self-reflection as well 

as critical reflection on technology itself; and, investigate ‘what it means to design a 
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relationship with a computational thing that will last and develop over time’ [136:11]. 

Slow technology offers promise of addressing digital overload. Yet, its conceptualization 

is still underdeveloped and exemplars of how it can be translated into viable design 

strategies are sparse.  

Research through Design (RtD) is an emerging interaction design research 

method that grounds theoretical investigations through the research-creation activity of 

design practice [e.g., 62,72,186]. The highly polished and robust design artifacts 

produced through RtD each operate as exemplars of theoretical ideas and conceptual 

propositions. They also offer concrete ways to reveal new knowledge about how 

complex social issues, like digital overload and supporting longer-term human-

technology relations, can be reframed and approached.  

In parallel, recent work in the computing and interaction design communities has 

highlighted the need to design technologies that express alternative representations of 

personal data capable of enabling experiences that expand beyond ‘an exclusive 

interest in performance, efficiency, and rational [self] analysis’ [57:48]. Yet, examples 

demonstrating and unpacking how the slow technology design philosophy can be put 

into practice are rare. Examples demonstrating how such rich and unique engagements 

with personal data can be supported through the creation of new design artifacts are 

equally sparse.  

To bring together research across these two areas and to ground our own 

thinking in this space, we designed Chronoscope – a tangible photo viewer that 

embodies the lifetime of digital photos a person has accumulated over their lifetime. 

Inspired by prior research on designing for slowness [85,162,232], key qualities of 

Chronoscope’s design include it: takes time to understand; manifests change through 

time; and leverages different forms of time to prompt reflective experiences by 

manifesting their presence in everyday life. As Figure 15 shows, Chronoscope is a 

domestic technology that leverages temporal metadata embedded in digital photos as a 

resource to encourage more temporally diverse, rich, and open-ended experiences 

when re-visiting one’s personal digital photo archive. Its scope-like form not only 

suggests rotation-based tangible interaction but also invites its users to view and 

contemplate the viewed phenomena in an intentional, inquisitive way. 
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Figure 15: Leveraging the metadata of each digital photo, Chronoscope is a 

tangible device that enables interactions through and across time in 
one’s personal photo archive. The scope form and the monocular 
feature are designed to suggest its user a consciously focused 
viewing experience. 

 
Figure 16: A use scenario of Chronoscope  
Left: The user manipulates a fully rotational black silicon surface (rotating clockwise moves ‘for- 
ward’ in time and rotating counter-clockwise goes deeper into the past). Middle: Peering into the 
turquoise eye piece through a magnified lens, the user views photos from his past. Right: The 
user manipulates a black metal knob that ‘tunes’ the granularity of photos that moved through in 
each rotation; the untouched knob toggles between timeframe modes. 

When peering into Chronoscope, a single photo tied to the specific timestamp will 

be visible (see Figure 17). All the photos are reorganized in a chronological timeline. 

There are three rotational controls to navigate through the photo archive (see Figure 16). 

The primary rotating wheel controls the viewing directions in one timeline (clockwise to 

move forward and counter-clockwise to move backward). By rotating either direction, the 
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user sees each photo in relation to a wide spectrum of other photos in the archive. The 

other two knobs on the side decide the timeframe modes and viewing granularity. For 

timeframe modes, users are allowed to switch between three timelines – linear, date and 

time – each organizes photos based on different part of the timestamp. As for viewing 

granularity, we use a rotational slider as a build-in support for ‘tuning’ the number of 

photos (from 1 to 300) that one could move through by each wheel rotation. More details 

could be found in our full paper published in DIS’19 [31]. 

 
Figure 17: The Chronoscope UI visualizes the central photo’s location in time 

and provides corresponding data around it. 

As a slow tech design practice, Chronoscope works slowly through offering 

alternative angles for people to curiously explore and reflect on their digital photo 

archives through and across time. Through designing in support for the presence of time 

and adding navigational controls for temporal exploration, several interaction qualities 

emerged during the design process and field testing of Chronoscope. Next, we draw on 

the design case of Chronoscope as a design example to introduce and reflect on our 

Designer-Research approach to practice-based research.  
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4.3. The designer-researcher approach 

Over the past several years, we have adopted what we call a designer-

researcher approach to making and reflecting on highly finished design artifacts as a 

form of practice-based research in-and-of-itself. Chronoscope represents one of our 

latest projects in this line of work. The Designer-Researcher approach often involves a 

small but multi-disciplinary team that is reflexively focused on the experimental and 

novel outcomes of the design process that are critically and reflectively arrived at 

through design practice. To give a bigger picture, we introduce four main points that 

inspire and situate the position of our approach: (1) Research through Design, (2) 
Autobiographical Design, (3) Reflective Conversation with Materials, and (4) 
Research Product.  

With these concepts in mind, we attend to key details in the creation of 

Chronoscope by oscillating between higher-level conceptual ideas and practice-based 

design decisions. In the following sections, we share with you a brief description of each 

point and how they specifically motivated the direction and development of our design 

process. 

Research through design 

We take a research through design (RtD) method that directs interaction design 

researchers to engage ‘wicked problems’ through a real-world artifact to understand how 

the world could change from its current state to a preferred state. Through the 

production of a design artifact, this approach creates the context for a collaborative 

interdisciplinary research environment that could involve (but is not limited to) designers, 

engineers, anthropologists, and computer scientists. Most importantly, there are four 

lenses to evaluate a RtD approach from the original paper: 

• process that could be reproduced with rigor and rationale 

• invention built on concepts that could potentially answer the research 
questions 

• relevance of real-world knowledge and a preferred state to achieve via 
artifacts, and  

• extensibility that aspires the research insights to be applied in the future.  
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Due to the qualitative nature of our research questions and the increased 

complexity in designing digital technologies, we decided to adopt RtD in the 

Chronoscope project. The four lenses were carefully applied throughout the entire 

process, from our overarching research goal to every nitty-gritty design decision.  

First, we make sure our research process is reproduceable. The term 

‘reproduceable’ does not necessarily mean to produce the exact same results but to 

report rigorous details with clear rationale. The gist is to clarify why the process 

proceeds with certain decision in each step and how it arrives at the final insights. For 

example, we started the Chronoscope idea based on a rotational photo viewing control 

with an analogy of clock (e.g., clockwise to move forward in time). Therefore, we settled 

on its scope-like form because it suggests rotation-based tangible interaction and invites 

people to view their digital photos in an intentional, inquisitive way. With this decision, we 

moved on to polish its color and texture to ensure that every little design feature meets 

our research need. By reasoning details, the process can be examined, learned, and 

applied by other researchers. 

Through another lens, invention, we conducted extensive literature reviews in 

relation to digital possessions, personal informatics, photographic practices, and 

memory studies to situate our subject in an academic standpoint. Chronoscope is deeply 

researched on the characteristics of data that have challenged people’s original sense of 

owning physical objects, such as being intangible and pervasive in its nature. Without 

proper tools and structures, people have difficulty making sense of, organize and use 

photos. Thus, we looked into how reflective and curious experience could be supported 

by exploring alternative ideas such as the ‘circulation’ concept between personal 

memories and memory objects. Our design attitude for this exploration was also 

influenced by theoretical approaches such as ludic design [73,74], reflective design 

[207], and, especially, slow technology [85]. Building on these collective works, we 

invented Chronoscope to demonstrate its potential of advancing from the current state of 

the art. 

As mentioned in the introduction, this project was initiated by both a real-world 

problem about accumulating digital photos and a goal of exploring innovative ways to 

build people’s long-term intimacy with their photo archives. From this, relevance is 

achieved as Chronoscope was designed to fit in a domestic context and created as a 
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vehicle to embody temporal relations among digital photos in its visual representation 

and tangible design. Without an actual artifact to interact with, it is exceedingly 

challenging for people to make sense of how big their digital photo archive is and how 

their photos could relate to each other in a much more macro view. Hence, a preferred 

state was explored through the Chronoscope design to enable a potentially more 

curious, reflective and engaging experience with vast digital photo archives.  

In terms of extensibility, the insights derived from Chronoscope are applicable to 

future interaction design research. Our inquiry led to interaction qualities that allow 

people to explore their digital possessions with ease and pleasure and grow more lasting 

and interactive relationships with them. The temporal design features could also inspire 

more application and development of any digital material that has timestamp embedded 

in its file format. Overall, these insights were provided with an aim to open up new 

possibilities in future research. 

In sum, our designer-research approach relies heavily on RtD as a research 

method that uses design artifacts as instruments to ask questions and test ideas. The 

four RtD lenses (above) directly shaped the ways we connected Chronoscope to a real-

world problem and communicated its value to the broader research design research 

community. Next, we unpack details into how our process was guided through first-

person experiences shared among the design research team. 

Autobiographical design 

While our practice-led designer-researcher approach shares some similarities 

with First-Person and Autobiographical Design (AD) approaches [e.g., 148,190], there 

are still some notable differences. Neustaeder and Sengers characterize 

autobiographical design as ‘design research drawing on extensive, genuine usage by 

those creating or building a system’ [148:154]. It focuses on the genuine needs of 

researchers, which embody their own experiences in the system design and concept 

exploration through a cycle of building, learning, evaluating and iterating the design. 

While facing a challenge of reporting with objectivity, AD has benefits that include 

shortening the feedback cycle, anticipating and solving key issues before testing the 

design with research participants in field, and uncovering the nuanced understandings of 

one’s lived experience with the design artifact. AD is conducted by a single researcher, 

although others may also be present in the research (e.g., such as the researcher’s 
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family members). In contrast with AD, our designer-researcher approach involves four 

special focuses: 

• originality — initiating an idea that emerged from personal expertise and 
research trajectories, 

• diversity — forming a small but interdisciplinary team to ensure the quality of 
design artifacts, 

• provocativeness — pursuing both robustness and creativity reflexively through 
crafting and living with design artifacts, and 

• unity — having a unified narrative voice to report our research outcomes. 

While AD emphasizes the genuine usage and exploration cycle in the long-term 

testing part, our approach values it and the technology creation part equally. Therefore, 

new ideas usually originate from design researchers’ expertise in certain design 

materials and relate heavily to their own research trajectories. With a background in 

Computer Science and special focus on digital photos, Amy Yo Sue Chen (co-author) 

joined Everyday Design Studio in 2017 as a Ph.D. student supervised by William Odom 

(co-author), who co-directs the academic design studio and has investigated slow 

technology as a lens to design new kinds of experiences with photographs, music, and 

other digital media for several years. Motivated by the Photobox [160], 

CrescendoMessage [222],  and Olo Radio prototype [158], we (Chen and Odom) started 

the discussion of the Chronoscope project with an idea of having a handheld telescope-

like form as an alternative way to interact with digital photo collections. Without our 

research backgrounds, expertise, and positionality of accumulated works as key factors, 

we would not have initiated this difficult RtD project, however, because of it we felt 

positively that it would produce new knowledge that could only be explored through new 

design. 

However, producing a highly resolved design artifact is not easy. In the 

Chronoscope project, we needed to involve other investigators and research assistants 

with expertise in electronics prototyping, form design, and digital fabrication to create the 

artifacts. By co-leading a small but interdisciplinary team, we were able to circulate 

thoughts and exchange diverse perspectives to overcome challenges. We see our 

designer-researcher approach as reflexive and with the goal of delivering first-hand 

insights through ongoing individual and collective design practice, group critiques, 

material explorations, experiences of living with prototypes collectively in our studio as 
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well as individually in our own homes. In addition to AD‘s core concept of trouble-

shooting and iterating systems in their personal use and living with the design artifacts, 

our approach pursues unexpected but desired design features for longer-term lived 

experience that could not be imagined or foreseen without design researchers’ keen 

observation and criticality. The sensitivity used to explore the design comes from both 

deep understanding of the design itself by the researchers, and the intuition to critique 

and make changes as designers. 

While embracing the benefits of having a wider range of expertise and opinions, 

a designer-researcher approach has a particular challenge of reporting research 

outcome in a unified narrative voice across our design team. Hence, our approach 

requires one or two project leaders to constantly synthesize perspectives and distill 

insights from the various, creative understandings among the team members. The 

attachment between researchers and the system design is formed through not only the 

individual practice-based creation process but numerous collaborative discussions. We 

see this challenge as the most important part as it shapes how our first-person approach 

is interpreted and presented to the research communities. 

Building on the first person-oriented nature of AD, the designer-researcher 

approach offers a related but different way form of practice-based research. Although 

the designer-research approach requires extra work to unify voices across the design 

team, we find that this most challenging part to also be the most rewarding. This 

reflexive process itself requires project leaders to reflect on their original goal which can 

catalyze additional insights and research opportunities. Next, we talk about how 

invention comes into being in details. 

Reflective conversation with materials 

To begin our design research inquiry of Chronoscope, we explored potential 

design materials that pertain specifically to the temporal metadata in digital photos. We 

initiate our observation by virtue of trust in a reflective, practice-based process. We 

believe: 

the designer-researcher approach can contribute a highly insightful, first-
hand, and reflexive view of practices of making design artifacts in relation 
to higher-level concepts framing key decisions in the design process and 
in light of attendant materials, tools, methods, and competencies. [155] 
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We see this approach as highly aligned with Schön and Bennet’s 

characterization of design practice as a reflective conversation with materials [200]. A 

designer-researcher approach to practice-based research heavily emphasizes a 

designer's knowing-in-action that involves sensory and bodily understanding in relation 

to the team’s evolving understanding of materials. This is a recurring process where the 

materials ‘talk back’ through a back-and-forth process that progressively leads to a 

refined understanding of the overall design and, ultimately, the final resolved design 

artifact. This approach gives prominence to first-hand insights that emerge through 

iteratively working with materials to ground conceptual ideas through the creation of new 

things: 'a process of moving from the universal, general and particular to the ultimate 

particular – the specific design’ [147:33].  

In the Chronoscope project, the ‘material’ we worked with came in the form of 

digital photos and their attendant metadata, which are a series of information encoded 

into each digital photo at the moment the file is created. The digital photo metadata 

material includes information such as the camera specifications, geolocation, image size 

and compression style, and the timestamp capturing when the photo was created. We 

were most interested in ‘speaking to’ the timestamp data because it stands as a potential 

medium that provokes a tracing and reasoning experience of specific memories.  

Timestamp is numeric and sequential in its nature, and the way to make use of 

this type of data requires a specified format (e.g., YYYY/MM/DD). From observing how 

various formats frame our cognitive understanding to systematically absorb and 

compare those photo content in a list view, we arrived at a linear ‘timeline’ design that 

visualizes clear Sequential Events. We rapidly programmed an interactive Processing 

script and an iOS mobile application as prototypes in order to automatically capture, 

structure, and organize digital photos chronologically. By giving prominence to the 

presence of temporality hidden in every digital photo as an anchor point to make sense 

of the sorting order, we were enabled to actually see the possibly consequential 

connections between photos, and explore those connections through moving the photo 

collection backward or forward in time. This back-and-forth visual interaction provides a 

clear pathway for each specific photo memory to ‘talk back’ to us not just about their 

relative location in time but their relations to other photo stories in a macro level. 
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However, the mere chronological timeline design felt somewhat limited and 

underwhelming. On one hand, the linear photo collection on the prototype have ends on 

both sides and therefore does not provide a sense of continuity to encourage 

exploration. On the other hand, those photo memories flow in an order of how we exactly 

experienced and remembered them. Crucially, the Processing prototype enabled us to 

quickly move across a large number of photos in an archive and simultaneously saw 

timestamp information separated by time of day and date. The separation of information 

not only prompted us to stimulate recollection of past experiences peripheral to the 

central photo but also triggered our imagination of having non-chronological ‘timeframe 

modes’ that reorganize photos across the archive based on existing meaningful temporal 

patterns. Built upon prior works that have discussed how clock time [135] and digital time 

[193] have reframed the personal and collective rhythms of everyday life, we 

brainstormed in designing non-chronological ways of photo viewing that offer multilayer 

and cyclical perspectives (based on Date or Time of the Day, irrespective of Year). Our 

interest in this notably wider spectrum of potential interactions is in part inspired by the 

concept of ecphoria [225,226] which refers to the experience of recalling a fuzzy or 

entirely forgotten memory when prompted by sensory input – in our case, digital photos 

from one’s past. In a nutshell, the gist of having a reflective conversation with materials 

includes three parts: 

• understanding the nature of design materials, 

• exploring various forms and expressions made of the materials, and 

• observing the interaction dynamics with appropriate tools. 

We arrived at the final design features of Chronoscope that may not be achieved 

without the powerful computing tools’ support to our dialogue with the materials that 

bring potential experience design to reflection and curiosity through and across personal 

memories. Next, we discuss the benefits of shaping a design artifact into a Research 

Product. 

Research product 

In our design research studio, we polish our design artifacts to become research 

products (Odom et al. 2016)  that fully support the final and actual deployment in the 

complex real-world setting to inquire research questions. Research products are 

intended to be lived with over longer-time periods and achieve a high quality of fit in, and 
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among, things in people’s everyday environments. Thus, a key part of this process 

involves different design team members living with various prototype versions of the 

design artifacts we are making to fine-tune qualities of use (e.g., the pacing or rhythm of 

a slowly changing system), exploring living with different forms and materials, and field 

testing for technical robustness. To put it concisely, there are two critical steps in the 

framework of research product: 

• creating a highly finished research product that functions and lasts in an 
everyday context 

• living with the research product over a long period of time 

In order to inquire how people exactly experience Chronoscope and their 

relationship with it over time, a tangible version was created with full functionality for the 

everyday, rather than laboratory/ studio, context. We loaded programming code to a 

microcontroller board that controls electronic components such as a tiny display, three 

rotational actuators, and a light-weight battery. To store them in a small size form that 

best supports handholding, we meticulously designed the interior space of the scope 

and outsourced the 3D printing to a more professional service provider to achieve the 

highest resolution. This design process required numerous group discussion but also 

very personal moments of cultivating the sensitivity of feeling how tangible rotation 

manipulate the reaction of photos showing on the tiny display embedded in the scope. 

Through countless trouble-shooting and fine-tuning in the iterations, we arrive at a robust 

and highly finished version of Chronoscope. 

Before we deploy it to people’s houses, our design team members lived with the 

product over a long period of time, and made adjustments to counteract the frictions we 

encountered. The first friction was related to the sheer size of the photo archive. For 

instance, when a user has 20,000 photos and she aims to navigate to a specific time of 

her photo collection, it would take her about 2.77 hours to get there since each rotation 

moves through the photo archive by only one photo as a unit (and it takes about 0.5 

second per rotation) this led to a sensation of being ‘stuck in time’. This issue would very 

likely complicate people’s ability to form long-term relations to Chronoscope and hinder 

our aim of making it a research product. This friction triggered our decision to include 

blending as a support for ‘tuning’ the number of photos (or granularity) that one moved 

through for each rotation. With this support, people could move through their photo 
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archives in very slow, precise and considered ways (i.e., 1 photo per rotation) to 

encounter a set of photos that triggered deep reflection or examination, or equally, quick 

move across vast amounts of photos without an excessive amount of rotations, while 

retaining a subtle awareness of what had been passed over (i.e., 100 photos per 

rotation). In order to solve the friction, the added ‘tuning’ feature opens up more freedom 

and flexibility for the user to move through photos from minutes in a day to years of 

one’s life.  

As the research product was designed to be a slow technology (see above), it is 

very likely that the artifact would be experienced differently as time passes by, and as 

researchers we need to negotiate this factor in order to make sense of micro-interaction. 

As a slow technology design takes time to understand and gradually evolved over time, 

Chronoscope introduced other challenges of the granularity control. If the upper 

threshold was too high, then a user could easily become ‘lost in time’ as they navigated 

a large amount of photo in one turn (i.e., effectively flashing ahead into the future or back 

into the past without a clear point of reference). Through an iterative process, we 

determined that by setting upper and lower boundaries of the granularity helped mitigate 

these design issues in support of our higher-level goal of manifesting different forms of 

time in support of ongoing reflective experiences. However, such boundaries need to be 

dynamically alterable and able to evolve with the photo archive as it continues to grow 

over time. Our design team went through several rounds of prototyping with different 

types of interactions, forms, and levels of fidelity of the interface to arrive at thresholds 

that seem suitable to the modern average size of digital archives. 

While the four points in our designer-researcher approach gives a foundation for 

making high-level decisions across all of our research projects, each project never quite 

follows the same pathway to form a unified narrative voice from synthesizing 

perspectives and experiences across the design team. Our overarching goal in the 

Chronoscope project was to contribute concrete insights into unpacking how diverse 

temporal interactions might be designed with personal data through the form of an 

everyday artifact that is intended to be lived-with over time. In this, we have emphasized 

where its key theoretical, methodological, and practical challenges emerged and our 

design moves to resolve them. 
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4.4. Discussion and conclusion 

In this chapter, our piecemeal, practice-based designer-research approach 

enabled us to create a design artifact that extended core approaches to designing slow 

technologies by building in a high degree of end user control, while retaining design 

qualities that are closely tied to the original conceptual vision of slow technology. The 

case of Chronoscope illustrates that future practice-based approaches to crafting 

slowness and temporality into new artifacts may require added time for reflection and 

adaption that may be counter to the often frenetic, time-constrained norms of 

contemporary interaction design practice. This methodological insight is revealing about 

the need for design practice to evolve and is also reflective of the original vision of slow 

technology: 

As computers are increasingly woven into the fabric of everyday life, 
interaction design may have to change – from creating only fast and 
efficient tools to be used during a limited time in specific situations, to 
creating technology that surrounds us and therefore is a part of our 
activities for long periods of time [85:201]. 

We have described and reflected on how slow artifacts can provide alternatives 

to how we might conceptualize supporting longer-term relations to our everyday 

technologies and personal data – and how such inquiries can be grounded in design 

practice. However, without our designer-researcher approach, the discoveries and 

insights would not have arisen. 

Ultimately, this chapter describe our designer-researcher approach and offer a 

reflection on how its four critical points – research through design, autobiographical 

design, reflective conversation with materials, and research product – could be 

exemplified through unpacking the process of crafting a design case. From these four 

points as keys to developing the practice-based insights, we would like to offer four 

takeaways of what practice-based research usually involves: 

• shaping and manifesting the research questions and proposals into practices 

• first-person perspectives both as an individual and a team 

• deep reflection on the resources and people’s perception of them 
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• adapting the practices to real-world contexts and negotiating them when 

friction arises 

In conclusion, an additional goal here in this chapter is to help readers to take a 

step toward understanding how our designer-researcher approach could potentially be 

applied and explored in their own fields. We see opportunities for bringing together 

philosophers and social scientists who explore differing theories of temporality with 

practitioners who are skilled in manipulating temporal media (e.g., musicians, 

composers, poets, new media artists, etc.) to collectively develop new ways of grounding 

theoretical concepts related to time through creative practice. Ultimately, we hope our 

research methods can support future practice-based initiatives that are aimed at 

investigating the complex and evolving subject of human relations with technology over 

time. 
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Chapter 5.  
 
Exploring Memory-Oriented Interactions with Digital 
Photos In and Across Time: A Field Study of 
Chronoscope 

5.1. Overview 

The research captured in the previous chapter reinforced my attitude as a design 

researcher and supported me to think through how our piecemeal designer-researcher 

approach led to the final version of Chronoscope artifact. Through unpacking this 

designer-researcher approach, we started to see Chronoscope as a slow technology 

design case that offers a high degree of user control while retaining design qualities that 

are closely tied to the original conceptual vision of slow technology. We would not have 

arrived at Chronoscope’s final version and the insights in relation to temporal granularity 

without the piecemeal, iterative, and first-person practice-based design approach. 

However, despite the benefits and opportunities of this approach, the research outcome 

is still limited to our own experiences of using Chronoscope in the design team.  

To better understand people’s situated experiences of Chronoscope, we were 

inspired to conduct an empirical study. We decided to create and deploy a batch of 4 

Chronoscope research products to 4 participants’ houses for 3 months in order to 

understand people’s longer-term lived experiences with Chronoscope in field3. The 

research question that is investigated through this field study is: 

RQ3: What memory-oriented photo viewing experiences could be supported and 
sustained through a tangible photo viewer that allows people to explore their 
digital photos chronologically and non-chronologically? 

Next, I unpack the details into this field study. 

 
3 This chapter is adapted from a publication in CHI’23: Amy Yo Sue Chen, William Odom, 
Carman Neustaedter, Ce Zhong, and Henry Lin. 2023. Exploring Memory-Oriented Interactions 
with Digital Photos In and Across Time: A Field Study of Chronoscope. In Proceedings of the 
2023 CHI Conference on Human Factors in Computing Systems, Association for Computing 
Machinery, New York, NY, USA, 1–20. DOI:https://doi.org/10.1145/3544548.3581012 
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Figure 18: A use scenario of Chronoscope 
From Left to Right: The Chronoscope in Alice’s bedroom during the deployment; Peering into the 
scope, the user views photos from her past. Her left hand manipulates a fully rotational gray 
silicon surface (rotating clockwise moves ‘forward’ in time and rotating counter-clockwise goes 
deeper into the past); The display inside visualizes the central photo’s location in time and 
provides corresponding data; Its user interface includes the central photo, its timestamp on the 
top left, its location data, and the current mode it is in. The user can rotate the scope to move 
along the photo collection to the right (closer to the present in time), or to the left (back into the 
past).  

5.2. Introduction 

Since their emergence in the 19th century, photographs have operated as 

resources to support people’s practices of self-reflection, social interaction, identity 

construction, and contemplation of the future [12,38,245]. Today, people’s photographic 

practices are highly mediated by digital devices and services. These digital technologies 

have enabled people to accumulate personal photo archives at scales larger than ever 

before. For instance, it is estimated that 1.72 trillion photos are now taken worldwide 

annually, and 89% of the photos were taken with smartphones [24].  

These massive and still growing digital archives pose new challenges for the 

Human-Computer Interaction (HCI) community. As people’s digital photo archives 

continually grow larger, they become formless and placeless, lacking the material 

presence that might invite people to notice and engage with their archive as a resource 

available in their everyday lives [161,215,245]. This tension can also introduce 

challenges for people to grasp how expansive their digital photo archives are and what 

experiences, histories, and things are documented within them [170]. Recent research 

has shown that the widespread adoption of smartphones and low-cost availability of 

cloud storage over the past decade has accelerated the growth of personal photo 

archives [15], which further amplifies existing tensions. These shifts also generate new 

opportunities for people to reflect on memories bound up in their photo archives that 

document a considerable breadth and depth of life experiences over numerous years. 

However, there is limited knowledge on what strategies or concepts could help guide 

design research to better support and sustain reflective experiences with large photo 
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archives. Growing work in HCI has argued there is a need to develop alternative design 

approaches that better support open-ended experiences of reflection, interpretation, and 

slowness when revisiting their digital photos archives (e.g., [54,95,162,222,223,230]).  In 

parallel, as interactive technologies have become embedded in people’s everyday lives, 

researchers have proposed it is necessary to “investigate what it means to design a 

relationship with a computational thing that will last and develop over time – in effect, an 

object whose form is fundamentally constituted by its temporal manifestation.” [136:11] 

Yet, examples illustrating how such engagements with personal photo archives can be 

mediated through the creation and study of new design artifacts remain sparse in the 

HCI community.  

Our research aims to contribute precisely to this intersection through 

investigating three main objectives. First, we want to inquire into how making people’s 

digital photo archives more materially present and interactive with different temporal 

modalities might open new possibilities for reflective memory-oriented photo viewing; in 

this, we attend to how photos work as cues that trigger autobiographical memory in situ. 

Second, we aim to better understand how temporal metadata could operate as a 

resource for potentially generating a renewed sense of awareness and control over large 

and still growing personal digital photo archives. Third, we want to pursue personal life 

history as an aspect of temporality raised by slow technology [85,163] and inquire into 

how this framing might offer a rich way to support experiences with digital photo archives 

that change over time. To this end, we aim to empirically explore conceptual 

propositions related to slow technology design theory.   

To pursue these research goals, we conducted a three-month field study of 

Chronoscope—a design artifact that leverages the timestamp metadata attributed to 

each photo from when it was originally taken to open up new ways of experiencing the 

lifetime of digital photos in a person’s archive (see Figure 18). Motivated by prior 

research on slowness and temporal design [84,136,163], key qualities of Chronoscope’s 

design include: takes time to understand; manifests change through time; modulates 

pacing of sequential movement through time; and generates interconnections across 

different forms of time to prompt reflection on their presence in everyday life.  
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Figure 19: There are three physical controls that work together to enable a user 

to explore their photos in and across time (and they dictate what is 
shown on the embedded display). 

① The viewing direction is decided by which direction the wheel is rotated (either clockwise to 
more recent photos, or counter-clockwise to older ones with the selected timefame) ② The 
timeframe mode (Linear, Date or Time) is selected by the larger black knob. ③ The smaller 
viewing granularity knob controls how many photos the user navigates across in a single rotation 
within the selected mode. In the lowest setting, 1 photo and at the highest 10 photos are moved 
through; this applies in clockwise or counter-clockwise movements. 

Taking inspiration from the focal way people use scope-like objects, 

Chronoscope is a near eye interactive photo viewer that enables users to revisit, 

navigate, explore, and contemplate the various memories bound up in their personal 

photo archives across time. As shown in Figure 19, a cornerstone of the Chronoscope 

design is its three interconnected timeframe modes that enables the user to organize 

and interact with their digital photos through chronological (Linear) and non-

chronological (Date, Time) forms of time. Importantly, when a new mode is selected, the 

center photo-in-view does not change, while the surrounding photos are replaced with 

ones from the new timeframe. This, in effect, enables the photo-in-view to operate as a 
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kind of anchor point that creates interconnections across different timeframe modes. 

Chronoscope offers direct control to the user to change the timeframe modes and the 

position ‘in time’ within their photo archive whenever desired. This creates an opportunity 

for the user to explore a range of possible connections across different photos taken at 

different points in time in their past. Yet, Chronoscope’s design remains relatively 

minimal. It takes time to understand, recognize, and interpret memories bound up in 

one’s massive and still growing digital photo archive. 

We created a batch of four Chronoscope research products [168] and deployed 

them in four households for three months, using them to open a dialogue with 

participants about the open-ended, reflective potentialities of memory-oriented photo 

viewing technology; and, to probe on their experiences of living with this design artifact 

over time through the lens of slow technology. Findings revealed that Chronoscope 

became integrated into participants’ everyday practices and catalyzed a range of 

reflective experiences on their respective life histories and life stories. They also showed 

that perceptions of Chronoscope subtly changed over time and opened alternative ways 

of considering time and the potential longevity of personal photo archives. This paper 

makes two contributions. First, it provides insights on how a design artifact can support 

memory-oriented photo viewing by making one’s digital photo archive accessible through 

different temporal modalities. Second, it offers a case that helps expand strategies for 

designing slow technologies that can be accepted into people’s lives and change with 

them through time. 

5.3. Literature review 

The related work falls into four sections: digital photos, memory studies, personal 

data, and slow expression.  

Digital photos and interactive systems 

Digital photographs have existed for decades and represent one of the most 

prevalent and extensive forms of digital possessions that people have. Thus, it is 

perhaps no surprise that digital photos have received considerable attention in the HCI 

community and, more broadly, the social sciences and humanities. Numerous 

researchers have described the varied roles digital photos play in supporting identity 

construction (e.g., [40,41,89,236]) self-growth (e.g., [39,131,234]), practices of personal 
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and collective remembering [5,21,45,46,145,235], as well as developing a cohesive life 

story over time [6,92,93,197,198].  HCI researchers have also long been interested in 

how people’s everyday interactions with digital photo capture, storage, and organization 

could be improved (e.g., [65,115,234,236]).  

Despite the valuable and diverse resources that digital photo archives can offer, 

the exponential growth of digital photos has made it difficult for people to access and 

engage with their vast collections [22,245]. Recent research by Bergman et al. [15] has 

shown that the adoption of smartphone has only exacerbated these difficulties as the 

production and proliferation digital photos continues to expand. Research has also 

shown design strategies for navigating large archives commonly mobilized in 

contemporary photo applications, such as long scrolling galleries of photos, are not 

effective prompts for remembering past memories [22]. Scrolling galleries require photos 

to be opened to full screen before they can be fully recognized, which interrupts the 

experiential flow of browsing, thus limiting the capacity for reminiscence [5]. Other 

common strategies, like digital slideshows, overcome this tension by displaying photos in 

higher resolution, but introduce different complications—showing only one photo at a 

time can cause people to lose the narrative context across the photo set which limits 

person-centered and episodic forms of remembering [2,5]. Further, slideshows require a 

subset of photos to first be curated from a large collection which diminishes capacity for 

spontaneous and serendipitous remembering experiences [5]; and, more generally, 

people tend to abandon efforts to manually curate digital photos [15]. 

Design researchers have begun to investigate strategies to address these 

complex tensions and better support interactions with people’s photo archives that can 

scale over time. One key strand of research has focused on investigating how tangible 

interactions can be designed with personal digital photo archives [8,95,139,162,246]. A 

limited selection of design research projects, such as Photobox [162], ReFind [241], 

Memora [91], Photoswitch [52,53], and Fenestra [227], have shown the value of 

increasing the physical presence of digital photos in people’s everyday lives through the 

creation of new design artifacts. These works have begun to illustrate how the combined 

qualities of form, materials, and interaction can lead to increased interactions with and 

perceived value of their digital photo archives as well as with the design artifact itself. 

Yet, they only focused on resurfacing a single or a small subset of photos in people’s 

life. Another major HCI research area has focused on how tangible interactions with 
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digital photo archives can generate alternative ways to support open-ended experiences, 

such as locating and sharing memories with digital photos (e.g., [109,230]), catalyzing 

social conversations (e.g., [87,95,222]), and supporting both individual and social 

experiences of reminiscence and reflection (e.g., [162,174,222,228,246]). 

Other more recent HCI research has focused on creating interaction technologies 

for digital photos which include AR-enabled tangible photo viewing [27,83], two-sided 

formats for digital photos [81], and novel approaches for supporting photo taking 

practices such as selfies (e.g., [105,221]). While most of this research focuses on use-

cases involving individual photos or a small number of photos from the recent past, 

metadata has begun to be explored as a resource for augmenting human-photo 

interactions with added contextual factors. Tactics such as vote-based photo curation 

[249], environment-based remembering and searching techniques [97], and 

multidimensional visualization of photo collections [102] have each been investigated to 

limited degrees, respectively. These investigations are largely motivated by a practical 

need to manage and organize digital photos. Yet, few works have explored how 

metadata, as a context provider, could be used to support more diverse forms of photo 

viewing and interaction.  

Overall, these collective works indicate that, while limited, there is growing 

interest in exploring new and novel ways to engage people’s digital photo viewing 

experience. They also show the real and complex frictions that come with massive 

personal digital photo archives, highlighting the need for a multiplicity of approaches that 

can enable people to get a grasp on their archive and re-experience the memories 

bound up within it.  Our research aims to extend these works by deploying and studying 

a novel system that supports rich, open-ended interactions with personal photo archives 

through and across time. 

Memory cues and autobiographical memory 

At the intersection of HCI and memory studies, photographs have been 

investigated as powerful memory cues for autobiographical memory. They are often 

considered as information resources that aid people in remembering and retrieving key 

contextual details of a memory tied to one’s personal history [196,204]. Research 

investigating memory cues has increasingly gained purchase within interaction design, 

with a particular focus on external memory cues – “physical or digital cues in tangible 
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embodiment with an internal effect on memory reconstruction” [100:110]. Often initiated 

by memory cues, autobiographical memory is “memory for the events of one’s life […] 

where considerations relating to self, emotion, goals, and personal meanings, all 

intersect” [34:103]. Taking these concepts in mind, we can see one’s personal digital 

photos as an archive with a growing number of memory cues in it that support people in 

retrieving memories that, in part, construct their life history [99,143]. Most contemporary 

digital photo applications and storage services have been designed to support voluntary 

recall of autobiographical memories that “follow a controlled, strategic retrieval process” 

[16:279] which involves considerable amounts of intentional searching, editing, and 

repurposing techniques for photos. Yet, involuntary autobiographical memories, such as 

seeing a picture with high school friends on a bedroom wall with no preceding attempt at 

memory retrieval, have been found equally frequent and important in supporting people’s 

everyday remembering processes [192]. People's experience of remembering can be 

seen as a situated and constructive process [10], and tangible memory cues existing in 

people’s living environments have been found highly effective in triggering involuntary 

autobiographical memories [16,99].  

Against this backdrop, our research aims to extend this work through 

investigating the potential and limits of temporal metadata as a type of external memory 

cue. We explore how a time-based retrospective remembering process might be 

enabled and supported through leveraging temporal metadata as the key design 

material shaping interactions and experiences with digital photos. We want to inquire 

into how different kinds of temporal contextual cues may help situate and interweave 

digital photos across one’s personal history. Thus, we contribute a field study detailing 

how rematerializing and reorganizing digital photos through a temporal lens shapes 

people’s situated experiences of reconstructing autobiographical memories in their 

home. 

Personal data, history and revisitation 

The HCI community has had an ongoing interest in how personal data can be 

represented to support reflection on personal everyday experiences [36,56,82,170,189] 

and life histories [35,55,98] in ways that are open to ongoing interpretation [195]. Prior 

work has focused on the design of technologies that extend data, such as images or 

audio recordings, to physical cherished objects (e.g., [67,151,171,175]). Researchers 
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have also begun to explore opportunities for enabling people to re-experience digital 

media from their past with photos, music, and social media (e.g., 

[98,113,167,218,219,223]). Over the past several years, HCI and design researchers 

have articulated new opportunities for using metadata “as a resource for people to 

manipulate and personalize their virtual possessions” [170:991]. Through the Curatorial 

Agents project, Gulotta et al. proposed that temporal metadata in particular can be 

leveraged “as an important factor in the meaning-making process [and] could be a 

contextual variable that helps situate digital information [for] evocative, meaningful, or 

relevant experiences.” [82:3460] Collectively, this research helped open opportunities for 

seeing metadata in a new way for design – not simply as a byproduct of the creation and 

use of personal data, but as a potential design material for supporting new ways of 

viewing experiences from one’s past from different perspectives. Elsden et al. argue 

there is a need to investigate the design of interactions with personal data that expand 

beyond “an exclusive interest in performance, efficiency, and rational [self] analysis” 

[57:48] and that emphasize interactions with personal data “representations that support 

multiple perspectives rather than reductive explanations” [57:47]. Elsden and colleagues 

later extend this work to articulate the design approach Documentary Informatics [54] 

where they propose key opportunities for future research: (i) exploring the role that data 

could play in shifting orientations to photography as a technology of memory [235] and 

(ii) giving data a fixed form to enable it to settle in place [216] as an ongoing part of 

everyday rituals and practices.   

Leveraging different kinds of metadata as filters to supporting alternative ways of 

data wayfaring [189] has also been proposed as a key opportunity area for generating 

new ways of reflectively orienting to key events, threads of history, and lifelong practices 

bound up in large archives of personal data [57]. Nascent design research has begun to 

show the promise of creating new technologies capable of supporting more nuanced and 

alternative interpretations of personal data in ways that can grow and change over time. 

The Olo Radio project [158,169] explored how metadata could be a resource used to 

reorganize and re-surface music that had been previously listened to in one’s past 

through different forms of time. This work opened new ideas about how metadata could 

be a design material for supporting memory-oriented interactions with digital media from 

one’s past in open-ended ways. The design and study of Slide2Remember unpacked 

how a wall-mounted photo viewer could randomly shows a user’s photo paired with a 
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song that was listened around the same time when the photo was taken [114]. This 

project demonstrated how pairing two forms of personal digital media that were bound to 

a similar point in time can support situated experiences of reminiscence. In both 

instances, by emphasizing the presence, coexistence, and even sequence of different 

digital instances based on their creation date, these design cases showed how to use 

temporal metadata as a strong resource to reorganize, resurface, and reconnect people 

with their personal life history more meaningfully. Yet, to date very limited research on 

metadata exists in the context of digital photos.  

Our work seeks to directly build on this prior research and contribute a field study 

investigating how temporal metadata, embodied through Chronoscope, instantiates a 

‘place’ to have open-ended experiences with vast personal digital photo archives. We 

discuss opportunities for memory-oriented photo archive interactions and ‘wayfaring’ 

through a temporal lens, and the roles that alternative representations of personal data 

could play in opening a space for exploring one’s life history from different perspectives 

over time. 

Designing for slowness and temporality 

Bound up in a personal digital photo archive, the scale and depth of different 

points in one’s life history are what motivated us to explore how digital photos could be 

re-experienced through a diverse temporal lens. In their foundational research on slow 

technology, Hallnäs and Redström proposed “a design agenda for technology aimed at 

reflection and moments of mental rest rather than efficiency in performance” [85:201]. 

This vision was extended through the critical argument that design practice must 

embrace a longer temporal trajectory to create “technology that surrounds us and is part 

of our activities over longer periods of time” [85:203] and “…that will last and develop 

over time” [136:11]. Since these foundational works, there has been a growing interest in 

exploring slowness and temporality as frames for the design of new technologies. Galani 

and Clarke [70] applied a slow technology framework to catalyze imaginative 

experiences through an augmented reality museum installation. Grosse-Hering et al.’s 

Slow Juicer [80] and Pschetz and Banks’ Long Living Chair [180] each mobilized 

slowness to give rise to meaningful reflections on embodied practices with each artifact 

respectively, and prompt reflection their one’s relation to them over their lifetime. Taking 
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an analytical approach, Huang and Stolterman [101] utilized visual representation to 

examine temporal patterns and usage. 

A handful of works have explored how slowness could support meaningful 

experiences with digital data. Examples including the Reflexive Printer [223], Photobox 

[162], Olly [167], and Postulator [87] provide evidence that slowness can be a resource 

for supporting rich experiences, such as anticipation and reflection. Yet, these systems 

enforce a ‘slow’ pace by restricting nearly all control people have over the system itself. 

Recent research has advocated for the need to create new approaches for advancing 

the high level aspirations of slow technology through design in ways that offer people 

some control over the system, while not compromising the richness of this approach 

[163,169,179,181,222]. Pschetz and colleagues [20,181] offer a salient argument that 

projects aimed at designing for slowness may result in an oversimplification of the 

dichotomy between fast and slow by treating ‘time’ as solely a matter of pacing. 

Extending this argument, Rapp [184] proposed new opportunities for temporal 

technologies to enable more “malleable” representations of time with added control over 

the velocity of the interaction pacing. Collectively, these works highlight the need for 

research that explores temporal diversification through design and people’s lived 

experiences of it.  

Our work aims to contribute to these strands of research on slowness and 

temporality. Through our field study of Chronoscope, we want to explore how 

chronological and non-chronological expressions of time can be used as frames to 

engage people and design temporally diverse interactions with vast digital photo 

archives. 

5.4. Methodology 

The previous work of Chen et al. [31] unpacked the initial design of 

Chronoscope, but the artifact was not fully resolved. We build on their work by 

conducting a long-term field study of people’s experiences with a highly finished version 

of this device. Instead of taking a user-centered design approach that often makes 

design iterations based on a small number of short-term laboratory results, we adopt the 

concept of research products [28,168]–design artifacts that are created to drive a 

research inquiry in a real-world context and that have a high quality of finish such that 
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people engage with them over time as is (i.e., a thing), rather than what they might 

become (i.e., a prototype). Research products are created to operate independently for 

substantial time periods to support long-term field studies in people’s daily environments. 

In extending prior work, we created a batch of new Chronoscope research products that 

are highly robust and resolved. Next, we summarize key parts of our design process to 

highlight important qualities of our final version of Chronoscope. 

5.4.1. Design process and implementation 

Our own framing and design of Chronoscope is influenced by conceptual 

propositions that we arrived at through close readings of the theoretical articles on slow 

technology [84,136,163]. An abbreviated and synthesized set of propositions that 

shaped our framing are as follows. Slow Technology is a technology that:  takes time to 

understand; manifests change through time; modulates pacing of movement through 

time; and generates interconnections across time in everyday life. In line with these 

conceptual aspirations and inspired by recent work that extends a theory of slow 

technology for design, we are interested in building in support for controlling temporal 

modalities – where “the integration of one or multiple different forms of time are the 

cornerstone of an artifact’s interaction design” [163:174] – and temporal interconnections 

— which “opens the possibility for interconnections to form and expand across all 

instances of digital media or data embodied by a design artifact across multiple 

dimensions of time” [163:174]. Prior research has speculated that these conceptual 

propositions may come together to “project a co-evolving quality that is unique and 

distinct to the user, that takes time to interpret, and that can scale to evoke cumulative 

change over time” [163:174]. We want to understand how these design qualities might 

shape participants experiences with Chronoscope over time in the context of their 

everyday lives with their actual personal digital photo archives. Next, we briefly elaborate 

on key parts of our design research process and field study.  

Integrating temporal modalities and granularities 

Chronoscope enables users to explore and interact with their photo archive 

through three combined rotational controls on viewing directions, timeframe modes, and 

viewing granularity. When peering into Chronoscope, a single photo tied to the specific 

time that it was originally taken will be visible (see Figure 20 for a full scenario of usage).  
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Figure 20: Scenario of moving across the three timeframe modes. Please 
follow the numbers and read from top to bottom. 
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Figure 21: Four Chronoscope research products with color variations were 

created to support memory-oriented experiences with photos 
through different temporal qualities and by re-materialization of 
digital archive. 

As Figure 21 shows, the scope’s main feature is a rotating wheel that controls the 

viewing direction, navigating either forward or backward in time within the selected 

timeframe mode. Navigating in a timeframe mode occurs through a rotational movement 

(clockwise to move forward in time and counterclockwise to move backward). This form 

of physical rotation presents a subtle analogy to the circular shape of clocks and the 

seemingly perpetual, ongoing temporal flow evoked by their movement. By rotating 

either direction, the user sees each photo slide horizontally in relation to a wide 

spectrum of other photos in the archive. To ‘speed up’ or ‘slow down’ the amount of 

photos that are cycled through in one rotation when manipulating the viewing direction 

clockwise or counterclockwise, the user can adjust the smaller knob to ‘tune’ the 

granularity. This can, in effect, enable a user to move through their photo archives in 

very slow and meticulous manner if, for example, they encountered a set of photos that 

triggered deep reflection or examination. Equally, the control allows quick movement 

across vast amounts of photos without an excessive rotation, while retaining a subtle 

awareness of what had been passed over. This ‘tuning’ feature, termed temporal 

granularity [31,163], opens up more freedom and flexibility for the user to move through 

photos from minutes in a day to years of one’s life.  

When the user stops the rotation, Chronoscope settles on the specific photo 

associated with where ‘in time’ the position is in relation to the selected timeframe mode. 

When switching the bigger knob on the side of the scope, users can seamlessly toggle 

between different temporal organizations of their archive through three timeframe modes 

(Linear, Date, Time). Linear organizes in a linear timeline, from oldest to most recently 

taken. Date structures all photos in a temporal ordering based on the Month and Day 

they were taken irrespective of the year, potentially offering a more ‘calendrical’ way of 

exploring photos in one’s archive. Time organizes all photos based on the specific time 
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of the day they were taken irrespective of date or year, opening a space to explore the 

rhythms and qualities of past experiences that cut across moments bound to parts of the 

daily 24-hour cycle.   

Despite the three different types of controls, Chronoscope’s experience design 

remains relatively minimal. It does not direct or point the user to a particular point in time. 

As more photos are accumulated in the user’s everyday life, they continually form 

connections to different points in time across the three timeframe modes. The temporal 

granularity ‘tuning’ knob further extends control to enable the user people to develop a 

sensibility for their own desired interaction pacing when moving through time periods 

and across different interconnected points within their life history. Motivated by the need 

to create technology that requires time to understand and becomes part of people’s 

practices over long time periods [136,163], the aim of these underlying decisions is to 

use minimal guidance for users in our final design in hopes of catalyzing a range of 

experiences that can scale and change as Chronoscope, and the photos manifested 

through it, are better relationally understood over time.  

 
Figure 22: An exploded view of the final research product version of the 

Chronoscope design. 
From left to right: silicone eyepiece with magnification lens is affixed to the 240x240 color display; 
Pi Zero W is integrated under a rotatry switch (for timeframe mode selection) and a potentiometer 
(for granularity selection); these compontents lead into a continuous rotary encoder that is 
integrated into a driveshaft  (for photo viewing selection); a cylindical lithium ion battery, 
Powerboost 1000 charger, and latching pushbutton (for powering on and off) conclude the 
electronics implementation. The enclosure is fabricated from 3D printed Resin with the viewing 
direction rotational surface encased in silcone.  
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Crafting a small batch of Chronoscope research products 

We crafted a batch of Chronoscope research products to investigate how 

different forms of temporal cues might shape people’s real and situated experiences of 

recalling memories bound up in their personal digital photo archives. We started from a 

scope-like physical form because it critically suggests rotation-based tangible interaction 

and invites users to view and contemplate their past memories in an intentional, 

inquisitive way. Illustrated by Figure 22, we integrated a Raspberry PI Zero W that was 

connected to and controlled components that include one 1.54” TFT 240x240 color 

display that shows the user interface, one rotary encoder attached to the rotating wheel, 

one rotary switch that decides the timeframe mode, and one potentiometer that 

supported ‘tuning’ the temporal granularity. We also integrated a lithium ion cylindrical 

battery, a PowerBoost 1000 charger, and a latching pushbutton for power to allow for 

portability. After numerous iterations of prototyping Chronoscope's physical enclosure 

with PLA and ABS to fine tune tolerances, we fabricated the final form from 3D printed 

resin to create a strong structural integrity and to evoke a weighty, steady feeling when 

hand-held. We also hand-made silicone covers for the eye piece and the main viewing 

direction’s rotational mechanism to provide a softer, inviting texture when in use.  

In parallel, we developed a Python script that securely requests, downloads, 

processes, and integrates each respective participant’s digital photo archive onto 

Chronoscope. The script essentially creates smaller thumbnails of each digital photo and 

integrates each with a relational database that is organized and interconnected via the 

three timeframe modes. We wrote this script to directly interface with either Google 

Photos or Dropbox. When Chronoscope is turned on, it automatically synchronizes 

photos with the selected cloud service if there are any new photos. The decision to use 

these services creates the limitation that participants in our study must have one of 

these photo storage services and have used it for years. Yet, this decision also provided 

several important benefits. First, both services are widely used and have existed for over 

ten years, enabling people to accumulate large photo archives within them, often with 

little maintenance. Second, these systems generate consistent, easily accessible 

temporal metadata that are preserved across all digital photos uploaded to them, 

irrespective of the device or devices that a user may have used to originally take photos 

(e.g., camera, tablet, smartphone, etc.). Third, these services offer APIs that enabled us 

to efficiently access and maintain an always up-to-date photo archive on each 
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participant’s respective Chronoscope. This third point is especially important because 

each time a participant takes photos, they are uploaded to their archive and become 

present within their Chronoscope as photos accumulate over time, forming 

interconnections to other photos across the Linear, Date, and Time modalities.  

Collectively, these design decisions of Chronoscope features enabled us to (i) 

generate a quality of change over time, (ii) connect everyday photo taking practices to 

the temporal qualities of photo viewing through Chronoscope, and (iii) probe on 

participants’ perspectives on the origins of their digital photos, their movement to the 

cloud, and the subsequent re-materialization through Chronoscope’s presence.  

5.4.2. Participants, data collection and analysis 

We recruited 4 participants from a large city in Western Canada in our study. 

Similar to the aim of the original technology probes paper [104] and several design-

oriented field studies that have followed (e.g., [75,86,90,162,223]), we first focus on a 

smaller selection of participants to gain a rich, descriptive understanding of the space as 

a whole to inform future research and practice. We recruited participants through word of 

mouth and online advertisements. In this paper, we use pseudonyms to describe 

participants. We selected these participants because, taken together, their respective 

digital photo archives and photographic practices had showed considerable diversity in 

terms of size and age:  

Table 2: Participant profiles of the Chronoscope project 

Participant Alice Clara Porter Bell 

Age mid-30s late-40s early-30s mid-30s 

Gender female female male female 

Occupation hotel/restaurant 
supervisor 

music educator 
(pianist) 

product 
photographer 

grad student in 
education 

Living Environment apartment with one 
roommate 

shared house with 
her teen son 

house with wife’s 
family 

shared house with 
her partner 

Timeframe of Photos 2014-2022 2006-2022 2009-2022 2013-2022 

Total Number of Photos 9,921 5,302 2,965 10,932 

Cloud Service Google Photos Google Photos Google Photos & 
Dropbox 

Dropbox 
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We aimed to collect descriptive accounts from participants about their 

experiences with Chronoscope over time. Each participant had a Chronoscope 

connected to cloud-based digital photo archive. In the initial interviews, we learned 

participants’ photographic practices and, more generally, their daily lives and practices. 

Participants gave us a home tour and we set up their respective Chronoscope’s 

connection to Wi-Fi in their preferred domestic location (see Figure 23). We offered a 

demo of Chronoscope and provided a pamphlet explaining how it works. However, we 

did not require participants to use or interact with Chronoscope. We explicitly noted that 

they could develop their own interpretations of Chronoscope based on their interest in 

using (or not using) it. All were aware they could drop out of the study at any time.  

   
Figure 23: Left to Right: Clara’s scope on her kitchen table; Porter’s scope 

under his desk in a shared office; Bell’s black scope in her study. 

After the initial visit, we conducted bi-weekly interviews over 3 months to check in 

with participants. We aimed to probe on the degree to which Chronoscope prompted 

reflective, temporal reminiscence, or other memory-oriented experiences over time. We 

were also interested in whether unexpected connections across photos were revealed or 

if participants encountered photos that they did not remember taking to understand how 

these experiences were reconciled. The final in-depth interviews lasted for 

approximately two hours. Two researchers attended and took field notes in each 

interview. Fieldnotes were reviewed immediately after each interview, and tentative 

insights were noted in reflective field memos [78]. We referred to fieldnotes and 

recordings that captured participants' earlier experiences to explore potential changes in 

their attitudes toward Chronoscope. All interviews were audio recorded and saved 

confidentially to a secure storage unit. After getting a set of verbal transcripts from an 

automatic transcribing service named Otter.ai, we manually corrected the mistakes and 

misinterpretations in them. The final transcripts were then coded by two members of the 

research team, using a hybrid approach involving first deductive and then inductive 

coding. After each home visit with our respective participants, we conducted a 
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preliminary analysis, including a search for themes that stabilizing and shifting patterns 

across our data that were later drawn out as underlying themes [142]. We coded raw 

documents with these themes and created affinity diagrams to model connections and 

differences among participants. Ultimately, this process yielded thirty-one codes and 

eight themes in total. 

5.5. Findings 

Next, we present examples taken from field interviews that help best illustrate 

themes in our findings, with a focus on how Chronoscope mediated experiences of 

photo viewing related to navigation, reminiscence, and time. To help better contextualize 

the thematic findings, we begin with a brief overview of our participants’ general 

orientations to their current digital photo archives. 

5.5.1. General orientations to digital photo archives 

In our initial interviews, all participants communicated highly valuing their digital 

photos, but also noted key challenges that prevented them from engaging with these 

archives. These frictions essentially boiled down to two factors: 1) a lack of motivation 

due to the sheer size of their photo archives and the amount of labor involved, and 2) a 

lack of awareness around the precise contents of their expansive photo archives. These 

sentiments are summed up well by Bell:  

“I have camera auto-upload because I don't want to lose any of the 
photos that I take. I always have the intention that one day, we go back 
and look at them, but that never really happens. Even if I review my 
photos, I don't go back to 2014. I go to probably last year or something 
like that just because the sheer amount of photos I have.” (Bell) 

Among four participants, Clara exhibited the strongest desire to have control 
over her archive. She frequently reviewed photos, deleting the unnecessary ones, on her 

Google Photos account over the past several years with the goal of building a stronger 

relationship with them through these curatorial actions. However, even a meticulous 

photo organizer like Clara experienced difficulty engaging with her photo archive. She 
characterized her current interactions with digital photos as largely being attempts at 

managing them. Yet, the more management controls that were offered, the less in 

control she felt:  
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“I try to control everything, but when I check the photos here [in my 
archive], I see how powerless I am, especially over time… You can just 
let it happen, and let it go. You actually have no power to control 
anything. The only thing we can do is keep is the photos.” (Clara)  

The tensions expressed by our participants stemming from lack of control over 

and awareness of their personal digital photo archives matches findings from prior HCI 

research [15,22,170,245]. Collectively, they show that current tools available to them fell 

short of addressing the sheer scale and size of their respective photo archives and 

triggered feelings of powerlessness. Yet, all participants were inclined to continue 

generating and accumulating digital photos in the long-term. Next, we present findings 

that detail the range of experiences that participants reported having with Chronoscope 

in and across our field study.  

5.5.2. Integrated patterns of use and shifts in attitude over time 

Prior slow technologies have encountered tensions that complicate their 

acceptance and adoption as frustration emerged for participants due to a lack of control 

over the devices they lived with (e.g., [76,87,154,162,223]). Chronoscope extends a 

considerable amount of control to participants, yet the interaction design is highly open-

ended, and the multiple forms of time mobilized to organizing and exploring one’s photo 

archive would take time to understand. While Chronoscope provoked a variety of 

responses, participants reported integrating Chronoscope into their everyday lives early 

on in our study. Participants kept Chronoscope in various places, such the bedroom 

(Alice), home office (Bell), or shared creative space (Porter). After approximately one 
month in our field study, participants often described a turning point where they came to 

self-determined understandings of Chronoscope. For Porter this turning point was 
triggered by the perception that Chronoscope instantiated a physical place to collate, 

connect, and recollect memories bound up in their photo archive. Here, he reflects on 

the challenges of finding meaningful photos across multiple Cloud services and the role 

Chronoscope began to play in resurrected a memory-oriented practice that had faded 

away:  

“I was jumping between Dropbox and Google Photos. …It’s hard to find 
them [as they’re] scattered [across] services. Usually, I send the 
pictures to the friends and family that was involved. After that, I don’t 
usually go back. …It [Chronoscope] reorganized the events and kind of 
reconstructed those memories. I think it [viewing photos on 
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Chronoscope] is more emotionally connected somehow, either with a 
person or a particular event I remembered.” (Porter) 

Similarly, Bell described how the tangible presence of Chronoscope facilitated 
ongoing interactions that progressively led to new insights emerging around different 

temporal modalities shaped relations to her photo archive:  

“Because it is a physical thing, it lives here. I see it all the time. 
…Chronoscope really comes in to help me to be in reflective mindset, so 
I really appreciate it. It’s become part of my habits now. …At the 
beginning, I didn’t really understand what it means to have Date and 
Time [modes] just because I think we’re not used to seeing photos that 
way. So, they [the modes] helped me to learn different ways of relating 
to my photos, [and] just think outside the box.” (Bell) 

As Bell continued, she discussed how experiences with Chronoscope had begun 
to shape her photo taking practices. Her reflection illustrates a shift in attitude toward 

connecting the new photos she takes now with the different points in her past, and how 

these qualities come together synergistically to create a unique ‘footprint’ of her sense of 

self: 

“Last Saturday, I went to celebrate a friend’s birthday. When I was 
taking photos, I feel like later I’m going to be able to relish this memory 
because of the gadget I have at home from three different vantage 
points. …I definitely welcome it [Chronoscope] to live with me. I will 
totally have it in my life because right now a lot of things that we have 
are dedicated to so many different things. This is dedicated to one thing. 
It represents a unique footprint of me, and I cherish being able to have 
access to that.” (Bell) 

Collectively, these examples help illustrate that, despite its open-ended design 

qualities, Chronoscope became integrated into participants’ lives. Its physical presence 

showed potential to reinforce a sense of ownership over participants’ digital photo 

archives and to reinvigorate prior memory-oriented interactions with digital photos. They 

also demonstrate Chronoscope could provoke reflections on how one’s life history and 

digital photos can become entangled across over time. Next, we explore this theme 

more deeply through describing different kinds of memory-oriented photo viewing 

experiences that participants reported on. 
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5.5.3. Memory-oriented interactions in and across different temporal 
modalities 

Bell’s quote in the prior section touches on the individual and collective capacity 
for Chronoscope’s timeframe modes to provide various temporal ‘vantage points’ on 

digital photos and the memories bound up in them. As our study progressed, it became 

clear that Chronoscope’s timeframe modes gave rise to different, yet at times 

overlapping, ways of remembering, exploring, and interconnecting life experiences. Yet, 

timeframe modes could also take time to make sense of, at times causing frictions 

around their intelligibility and intention.  

Next, we present examples that best highlight participants’ perceptions and 

attitudes towards various memory-oriented experiences Chronoscope provoked.  

Noticing and journeying through changing life stages  

Participants often described their experiences using Linear mode—which 

chronologically organizes their photo archive—as traversing ‘waves of time’ (Clara) 
where they were able to quickly move across many seasons, birthdays, important 

events, and so on. For Bell, these experiences took on a ‘journey-like’ quality that 
provoked her to develop a narrative for interpreting the trajectory of life experiences she 

encountered and navigated across:  

“When I was going through the Linear mode, I actually feel the journey 
of my life. I’m reminded that there’s a big picture there. I feel all kinds 
of emotions. I feel really grateful and very fortunate to be able to 
experience all the things that I have experienced, but also being able to 
experience that again, when I was going forward in time [with 
Chronoscope].” (Bell) 

Bell's reflection exemplifies instances where participants reported gaining an 
extended awareness of the scale of memories captured in their photo archives. 

Participants also reported on experiences that focused in on key episodes in their 

respective life stories which often marked a progression through life stages that came 

with shifting priorities: 

“I can see my life path through this Linear mode. I realized in my early 
20s, I’m always traveling, going to different countries, doing different 
kinds of things outdoor with my friends or my family. But after certain 
years, my photos become much less than before. …which means I [am] 
getting busier and have less time [for travel].” (Alice) 
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Clara noted that while the rate at which she took photos remained constant, she 
noticed a distinct shift in ‘what is important’ in her life over time. As an accomplished 

pianist, she reflected her shifting orientation toward piano playing prior to and after her 

son was born: 

“I’m not focusing on myself anymore. It just happened naturally as time 
goes by. You focus on yourself. You want to make yourself better. But 
then gradually, you stand out to look at the world and want to look for 
many other things, instead of just for yourself. …I came across one 
picture of my recital many years ago, and I don’t do recital anymore 
now. But l still play piano. I still teach. …I still do very similar things, 
but you know, it’s totally different now — I have a different purpose 
…seeing that change through my photos showed I present myself 
differently now.” (Clara) 

These examples illustrate how participants leveraged Chronoscope to examine 

traces of their past self and to move across different life stages. This, in turn, could lead 

to a broader overall awareness of scale of memories within the archive as well as 

meditations on one’s history in relation to the current lived present. Next, we dig deeper 

how non-chronological timeframe modes mediated participants’ photo interactions and 

remembering practices. 

Serially exploring annual events, forgotten mundane moments, and contemplating 
future actions 

Participants used Date mode to explore significant episodic life events. Yet the 

capacity to explore these events relationally, in series, across years supported 

alternative ways of navigating and remembering momentous past experiences. Porter’s 
reflection is exemplary of this theme:  

“It's like I'm going to each event individually in the Date mode but 
across time. They [photos in archive] are sorted continuously, so I can 
have a sense of almost like a flashback to each event and how they’re 
woven together. …Labor room in hospital, birth of baby, …lots of 
birthday celebration pictures and baby pictures on October 29th, which 
is my son’s and wife’s birthday. Viewing them in Date mode, I felt a 
sense of happiness and joy of becoming a father. …As I went through 
the pictures this way, it showed me so many good memories from back 
in Asia, during [different] Chinese New Years all together. It makes me 
want to make more meaningful memories with loved ones.” (Porter) 

In contrast to focusing on significant annual events (e.g., birthdays, holidays, 

etc.), Bell leveraged Date mode to explore the many mundane, yet valued moments 
between them:  
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“I don’t take myself as someone who does a lot of selfies. When I used 
it [Chronoscope in Date mode], I was like… oh, there’s a selfie. Oh, 
there’s another one. And a lot of it is just random [shots] of me and my 
partner. …It really reminds me of the mundane, joyful moments. It’s 
those moments that we tend to forget, we tend to remember the bigger 
memories, the more memorable ones. But I think that it is those like 
tiny ones that are very worth “tasting”. In Chinese, we will say ‘hui wei’, 
[which means] we can go back and taste the nice little surprise. And I’ll 
show it to my partner: You remember we took that photo? What were 
we doing?” (Bell) 

Interestingly, Alice also described using Date mode as a resource to probe into 
what she had recorded about her life on particular dates in the past to get inspiration for 

planning dinners, parties, and surprises for friends in the near future: 

“When I want to plan an event for a specific day, I definitely will use the 
Date mode to check what I’ve done in the past. …There are some special 
days that I really like to celebrate every year. For example, my birthday, 
Thanksgiving, Christmas and Chinese New Year …I don't like to always 
do the same things for same days. So date mode helps me to avoid 
doing the same things and get some new ideas.” (Alice) 

However, tensions did arise when people tried to search for specific dates that 

were meaningful but in a different calendar system. Bell shared that: 

“I realized I couldn't [find] Lunar New Year because [it] uses [the] lunar 
calendar. It's actually different days every year, so it’s cool to reflect on 
the difference in seeing time. But still, I just went to that general day 
frame lunar year usually happens. And I think because I couldn't really 
celebrate lunar new year [this year due to COVID-19]… I think being 
able to go back and see how I celebrated it, and seeing a whole chunk 
[of photos] in there all at the same time, was very comforting.” (Bell) 

Collectively, these examples illustrate how participants explored past life 

experience —both momentous and mundane, if not totally forgotten— as they serially 

cut across calendrical time with Date mode. They also exhibit considerable diversity from 

Porter’s contemplation of momentous life events viewed in series, to Bell’s approach to 
enacting ‘hui wei’ to encounter surprises ‘in between’ dates that are traditionally 

regarded as important, and to Alice’s practice of viewing records of her actions of past 
dates to inform her future actions.  
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Discovering everyday patterns, element of surprise, and seeking change with 
Time Mode 

Time mode, which organizes all photos based on the time of day they were taken 

irrespective of the date, required the most amount of time for participants to understand. 

Initially, Clara, Porter, and Bell experienced challenges in interpreting this kind of non-
chronological temporal modality. For the majority of participants, these frictions 

eventually faded as our study progressed and often new insights were revealed about 

their actions tied to different periods in the day. Clara describes how her perception 
shifted from viewing Time mode initially as ‘random’ to noticing distinct moments of 

growth in her piano teaching practice as well as similarities in her routine that spanned 

over a decade: 

“For me, at first it was more like, checking pictures randomly. Actually, 
no order! When I’d try to find some photos, it was hard to do it in this 
way. It was more like a game of guessing. …But then I found when I 
teach [piano lessons], I sometimes take photos to show my students. 
Look at your hand shape! …those photos showed how they moved and 
improved. …in this way, [Time mode] is more dynamic, it shows pattern 
and real routine. …In Linear or Date mode, we find the time waves, 
right? But for here [in Time mode], it's like you're jumping but you still 
see similar things. And it's a short routine in your one day, every day or 
every afternoon. …Even in ten years, I found there are parts of the day 
I’m doing the same thing! [laughs].” (Clara)  

In other cases, the somewhat unpredictable quality evoked through exploring 

photos in a cyclical way bound within a 24-hour frame could create an ‘element of 

surprise’ and lead to experiences of anticipation over time. Here, Bell reflects on 
discovering an array of largely forgotten morning-time activities she engaged in over the 

past decade which helped motivate her to be more resilient when facing an artistic rut:  

“The element of surprise is always there [in Time mode]. …Finding out 
that I’ve actually done a lot in the morning was very encouraging. And 
I didn't just waste my morning time all this time. Once upon a time, I 
did stuff! It brings up a lot of emotions, a lot of feeling grateful, feeling 
like… okay, let's keep going. I feel encouraged. I feel motivated by my 
past self. I'm not alone. I really appreciate being able to find patterns 
across my days. I had all these good feelings because I am able to 
experience my journey through this unique slice of time I didn’t expect.” 
(Bell) 

While unfamiliar at first, Time mode opened new interactions for participants as 

they explored different conceptualizations of time (e.g., work time, leisure time, social 

time) across their collective photo archive. This could, in effect, lead to experiences of 
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anticipation, self-affirmation, and new insights into everyday patterns and routines in 

ways that cut across over a decade of photos. Next, we explore participants’ 

experiences between and across different timeframe modes and the role this 

interconnectedness played in shaping their memory-oriented engagements with their 

respective digital photo archives. 

5.5.4. Cumulative experiences with Chronoscope: modulating pacing, 
exploring interconnections, and speculating longer-term 
relations 

In addition to offering different temporal modalities to organize and interact with 

one’s digital photo archive, Chronoscope enabled participants to modulate the relative 

pacing that they moved through their photos across time. In prior work, Chen et al. [31] 

speculated that integrating control over this quality of interaction (termed ‘temporal 

granularity’) could help prevent users from getting ‘stuck-in-time’ – a tension surfacing 

when a photo archive’s density is so great that it would be considerably challenging to 

move to another time period (e.g., where they may be thousands of photos that would 

require thousands of rotations or presses of a button). In our field study, we found all 

participants made use of the temporal granularity knob to modulate their movement 

through time surrounding different life episodes, life events, and mundane periods in 

their respective archives. Bell’s reflection is exemplary in how it captures frictions 
emerging from getting stuck-in-time and inventive workarounds that participants 

developed to alleviate these tensions:  

“I turned on [my Chronoscope] and wanted to explore around 2:15 [in 
Time mode]. But the first photo was at 10 o'clock. I was like, Oh, 10 
o'clock, that's a few hours from 2:15. Cool. Two minutes later [after 
rotating Chronoscope continuously], it’s at 10:01. I took many photos 
at 10:02! It's taking forever to get there. …I was sitting in my office and 
my partner asked me: what are you doing? I'm trying to get to two 
o'clock right now! I figured out I could change it to Linear mode, find a 
photo around two o'clock and change it back to Time mode. …Now, I 
usually have it [granularity] to the largest, which is 10 because it gives 
me kind of quick view, a broad brush across time. And then if I see 
something in there that I want to focus on, then I make [the granularity] 
smaller so I can go back and focus on that time [period] in my past.” 
(Bell) 
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Clara described the value of being able to oscillate between the slowest and 
fastest interaction pacing with the granularity knob, noting the different, often contrasting, 

forms of memory-oriented experiences they could surface:  

“Yeah, about slow and fast. I like how [with] slow, I can find a thing, a 
time in my life, and look in at it. With fast, I like how I can compare 
experiences, you know, move back and forth quickly over 10 years. I 
can see a huge part of my history in a short time.” (Clara) 

As our dialogue continued, Clara remarked on how using the various interaction 
modalities of Chronoscope came together as a synthetic experience to shift her 

perspective on the potentialities of interacting with digital photo archive – a shift toward 

new forms of engagement with as opposed to management of photos. This, in turn, led 

to a greater sense of agency over her digital photo archive and a desire to potentially 

expand her everyday photo taking practice:  

“In my own experience of using Chronoscope, [it] offers agency. It gives 
new opportunities to reflect on those memories [in photo archive], not 
just managing and deleting something new. …Chronoscope connects 
everything [in my photo archive] together. It strings together a context 
of connections for people to orient and move around from these different 
perspectives in time.” (Clara) 

In our final interviews, participants also discussed and reflected on the temporally 

interconnective qualities of Chronoscope which bound each photo to three separate 

points in time in the photo archive. These instances were often characterized by 

unexpected, yet profound experiences of bringing together multiple threads in time in a 

participant’s life history in a synthetic, immediate way. Porter described landing on photo 
of his wedding, only to find another photo of his parents immediately in the periphery 

(while using Date mode). The juxtaposition across time of these two distinct memories 

was seen as highly significant:  

“It has been a long time since I saw my parents together. We’re a 
satellite family4. My Dad visited twice in 10 years. …The picture [in the 
periphery] was taken by phone in 2016 before my wedding in [large 
Canadian city depicted in the main image]. This picture was before a 
milestone in life (getting married) and it reflects on how much my dad 
has sacrificed the family time to provide for us overseas. These pictures 
together mean to me that I want to be there for my kids and try to make 

 
4 A ‘satellite family’ is a form of distributed family organization where the primary income earner 
does not live in the same geographic place where most family members are located at. 
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it work, but also that I have fond childhood memories when [my 
parents’] whole family was living together.” (Porter) 

The qualities of personal history, interconnection, and life transitions captured in 

Porter’s experience with Chronoscope also emerged in other interviews. Clara 
describes an intriguing interconnection formed by Chronoscope (here, in the Time mode) 

where she metaphorically and practically saw herself moving off stage through a photo 

of her on stage as a music performer being connected in sequence with her more 

contemporary role as a music instructor:  

“Everyone has some glorious moments in life. But it’s so different now 
and [that comes out] when looking back photos from different times in 
life. I mean, for example, the photos of the recitals. When you stand on 
the stage, and it feels so proud, or nervous, or happy. But when you 
check the picture now, it’s a totally different feeling considering the 
other photos surrounding it. You see what you do now in life and what 
you did years ago. Now, what I see [in the older recital photo] is 
everything behind that stage scene, like how much time I devoted, how 
much time I spent in the practice room, and how I picked that dress.” 
(Clara) 

Porter described how the temporal qualities of Chronoscope created enough 
context for loved ones, beyond their own life, to potentially make sense of their photo 

archive and intelligibly engage with it: 

“If I give my photo archive to the next generation, I wouldn't just throw 
[in] everything and give it to them. I know if I’m handing down my 
Chronoscope, [the timeframe modes are] something that's connecting 
me and my photos in a way that a person can understand.” (Porter) 

For Bell, the passing down idea reminded her of the importance of having 
intimate family conversation and of knowing what has actually happened in both familial 

and societal histories. 

 “[My time with Chronoscope has made me] imagine a scenario where, 
because photos are documented digitally [and temporally] organized, 
instead of going hours and hours with the fixed physical photos, you will 
have something that captures someone's life through time, and then be 
able to find [and] historicize times in their life. …When I was a kid, my 
grandpa told me tons of stories about him being in the Civil War... before 
Taiwan became Taiwan, when he was still in China. And as a kid, I didn't 
appreciate that at all. I wish I actually cherished those moments. But if 
he had something like it [Chronoscope] that he could’ve handed off to 
me, I would give anything for it. …All of these [photos] are all clued into 
the historical moment that we live in. Even though you're looking at 
someone's personal photos, the time [frame] modes give you just an 
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idea of what's happening at the time from this person's positionality and 
identity, and how they experienced time. And this has great potential 
for us to be able to tap into things that can change, like the way personal 
history does.” (Bell) 

Alice contemplated the longer-term viability of her photo archive operating as a 
resource for reminiscing on the trajectory of her life history at a point in the future when 

she is older:  

“When I'm getting older like 50 or 60, I [would] want to go check my 
youth time more, like what I've done before. It will be more meaningful. 
I think it [Chronoscope] might work better for people over a certain age, 
like in their elderly life. I think they will be super happy. But to most 
young people, they just live at the moment. Their life is too busy to do 
that kind of romantic thing.” (Alice) 

Collectively, these examples show that participants’ experiences with 

Chronoscope remained valuable over time and illustrate how various temporal 

modalities generated an evolving quality of interconnection across the memories and 

associations that make up their life history. These qualities could together to evoke a 

quality that had a longer-term tail within participants’ lives and potentially extending 

beyond them. Yet, Alice makes a salient point—there is a time and place in one’s life for 
reminiscing with digital photos and such interactions may not scale to all generations. 

5.6. Discussion and implications 

Accessing and interacting with digital photos are essential factors shaping how 

people locate, retrieve, recollect and share memories. Yet, prior research (e.g., 

[15,22,170,245]) and our findings suggest that current technology often complicates and 

limits these practices. Our work offers key contributions that advance current research in 

the following ways:  

• Using temporal metadata as a memory cue to create and trigger journey-
based exploration in one’s life history; 

• Providing ways to support people’s exploration of potentially forgotten or 
unknown life patterns over time;  

• Extending the conceptual lens of slow technology through developing more 
diversified strategies to design with temporality. 

Next, we discuss opportunities and challenges tied to these points.  



94 

5.6.1. Creating journey-based interaction design for memory-oriented 
photo viewing experiences 

Prior research has investigated how revisitation of one or a small subset of 

photos brought reflective value to people’s everyday lives (e.g., [162,223]). Targeting 

people’s relationship with their entire photo archive, our approach extends control over 

three temporal modalities to navigate unique pathways through multiple memories and 

life stages. These pathways opened new ways of mediating interactions with digital 

photos which participants characterized as ‘journeys’ across their life experiences, such 

as Porter’s contemplation of family life after a photo of his wedding was juxtaposed to 
one of his parents. From here, we see that by providing a particular context of cuing 

through situating each photo in time relationally with others, participants were able to 

creatively explore and construct their autobiographical memories with an increased 

awareness of potential correlations between different life events. According to our 

findings, people valued this form of journey-based photo interaction when it resurfaced 

forgotten or unknown life patterns, especially those in less familiar modes, such as Date 

and Time. Because it is not easy to anticipate what photos would be interconnected in 

those two modes, people can  revisit, associate, and reflect on multiple surprising 

moments at once in their exploration journey, triggering a provocative way of integrating 

and interpreting autobiographical memories [16,17,99]. Through our study of 

Chronoscope, we offer a design case of using temporal metadata as a memory cue to 

trigger a journey-based remembering process that brings more curiosity, anticipation, 

and reflection into play. However, one limitation of using temporal metadata as a 

memory cue is that the timestamp data are finite and relatively inflexible, which may lead 

to potential issues in relation to integrating photos taken in different time zones and 

calendar systems.  

Prior research has also indicated that mundane events in autobiographical 

memories that were repeated, continued into the present, or had an accumulative 

influence on one’s life could be an important but often overlooked design consideration 

[143]. Echoing this point, Bell’s enacting of ‘hui wei’ to rediscover (or ‘taste’) mundane, 
largely forgotten moments with her partner shows opportunities for future design 

research efforts to leverage concepts of temporal interconnectedness and temporal 

modalities to further investigate the potential value of re-encountering such mundane 

moments. While temporal attributes from standardized timestamps encoded within 
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photos are limited (e.g., time of day, date, and timezone), our research has shown they 

can be effective at providing enough context for people to locate and revisit life patterns, 

rhythms and cycles while equally leaving space for interpretative, spontaneous, or 

serendipitous encounters over time. Our study offers early evidence validating the 

potential of this approach. Yet, clearly there is an opportunity for future research to make 

use of such temporal attributes to better understand the range of emotional valences 

and associations that people may experience when navigating across their life patterns 

and experiences in their digital photo archives.  

Our findings also reveal that more built-in support is needed to engage journey-

based photo interaction. According to Axtell et al. [5], the combined lack of user control, 

lack of visual context, and manual curation are key reasons that photo viewing 

applications (e.g., slideshows, large scrolling galleries, and tabletop) are often not 

effective prompts for remembering past memories or for spontaneous reminiscence. A 

key dimension of the Chronoscope design is using juxtaposition as a visual technique to 

generate a sense of peripheral awareness of neighboring photos in the sequence 

relative to the photo-in-view. This feature is paired with a granularity control to fast 

forward memories easily. Our findings revealed this subtle technique enabled people to 

better contextualize each photo’s location in time in a relational way, as described by 

Clara that Chronoscope “strings together a context of connections” and offers agency for 
photo engagement. However, our design does not offer a way for people to curate or 

share their photo history. Instead of showcasing a selection of photos as album-based 

management tools would often do, we see opportunities in providing ways for people to 

retrace mundane or momentous trajectories to revisit them or to share them with others. 

In our study, Alice and Bell both suggested a need to explore photos collaboratively 
with others, even if from their own personal archive. This suggests an opportunity for 

future research to investigate how temporal trajectories might be dynamically preserved 

and revisited as they accumulate over time. Such interactions could give rise to memory-

oriented experiences that offer unique comparisons and entanglements of life histories 

among a group and potentially catalyze collocated social interactions. Future research in 

this direction making use of temporal modalities can extend prior work on collocated 

photo-mediated reminiscence which has largely relied on randomness or sequential 

exploration (e.g., [95,162,223]), while also contributing to recent calls for alternative 

design strategies for collocated remembering [21].  
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5.6.2. Supporting longer-term relations with malleable forms of time 

Chronoscope’s dynamic temporal qualities generated possibilities for participants’ 

relations with it to change over time. It continually updated its archive to represent the 

entirety of their photo archive each time it was encountered, which connected the 

present moment to the past. This ongoing quality of change led to a continual 

reorganization of the archive as each new photo introduced into it was interconnected to 

other different photos in and across time. These qualities also came together as a 

synthetic experience for participants that led to increased ownership and agency over 

their photo archives. This, in turn, led to a renewed interest in their photo archives as 

they became embodied, changing digital resources to be materialized through 

Chronoscope in participants’ everyday lives. Participants valued the capacity for new 

photos to be, as Porter described, ‘stitched’ into varied expressions of time in their 
personal history simultaneously. This led to interconnections forming among memories, 

experiences, and life stages in both chronological and non-chronological ways, such as 

Clara’s reflection on her transition off stage from musical performer to instructor as she 
noticed sequences of photos capturing the progression in form of her students’ hands 

playing the piano over the years. We found that this design quality came full circle by 

mediating participant’s own photo taking practices, such as in Bell’s anticipation of 
where the social gathering photos may end up when interconnected among three 

different temporal ‘vantage points’ in the moment she was taking them. Findings also 

showed that participants valued this ongoing, integrative, and accumulative quality. It is 

what prompted prospective reflections on the potential longer-term place that 

Chronoscope could occupy in their own lives and potentially scaling beyond it to future 

generations.  

Collectively, these findings support the vision of slow technology, while offering 

new insights for temporal technologies that can be investigated in future research. They 

show that opening a space to explore how a person’s life history is bound up in their 

photo archive with different temporal modalities offers pathways uniquely reflective of the 

use, that take time to interpret, and that change over time in an ongoing way into the 

future. Our research contributes a case that builds on and advances ongoing work in 

HCI that investigated how technologies can find a longer-term place in people’s 

everyday lives and co-evolve alongside them (e.g., [7,159,167,169,180,240]). 

Additionally, due to digital photo archives being immaterial, massive in scale, and 



97 

proliferated across potentially wide timeframes, we built in support for modulating the 

pace of movement through time with the temporal granularity control. Participants 

productively made use of this added degree of control for manipulating their pathways 

through time – from traversing through many memories across the years to slowing 

down for conscious contemplation on a specific moment in time. Following Rapp’s work 

[184], these findings validate their recently proposed opportunities designing in control 

over the velocity of movement through time and enabling users to gain a grasp on more 

malleable representations of time. Yet, research has also shown that temporal media 

(e.g., audio or music [169]) and other forms of personal data outside of digital photos will 

likely require different techniques. More research is needed to investigate design 

strategies for manifesting the movement, velocity, and malleability of time through 

personal data; and, following Alice’s skepticism over the generational viability, at what 

touchpoints in one’s life such memory-oriented temporal technologies would be of value.  

5.6.3. Mobilizing and extending diverse temporalities across diferent 
forms of personal data 

Enabling participants to move across different forms of time with the timeframe 

knob and at different speeds with the granularity control, all while remaining anchored in 

time by the temporal metadata of the specific photo-in-view supported a range of 

reflective experiences. Our research validates the proposal from prior work [7,15,114] 

that situating mobilizing a Linear timeline-like chronological timeframe mode provided a 

useful contextual point of reference for participants to navigate their photos. It also builds 

on recent research [169] by demonstrating that the integration of this chronological 

modality can be productively scaffolded by participants to interpret and progressively 

understand the more unusual non-chronological modalities of Date and Time. Yet, we 

also found there are limits to this approach. Bell’s struggle to locate distinct photo 
sequences of Lunar New Year experiences across the years in Date mode emerged due 

to a misalignment between the Lunar calendar with the Western calendrical system that 

our temporal metadata uses. Additionally, another limitation that emerged through 

studying Chronoscope is that it connects photos in a sequence that entirely hides the 

‘temporal blanks’ or gaps in periods when one did not take any photos in their life. 

Temporal blanks in one’s photo archive may hold important meaning in one’s life history, 

such as intentional removal of memories, less interesting life patterns, or fluctuating 

patterns of when one was awake and active. There is an opportunity for future work to 
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explore how temporal blanks existing in photo archives might be better acknowledged 

and leveraged as a creative design resource in photo viewing applications. Collectively, 

these tensions highlight the critical need for future research to explore the design of new 

systems that mobilize and express more diverse forms of time as temporal modalities. 

New design initiatives can build on growing research in HCI that actively investigates the 

social (e.g., [20,138]), cultural (e.g., [217]), political (e.g., [3,179,181]), and ecological 

(e.g., [49,183]) dimensions of time. While there exists a trajectory of HCI research 

exploring the combination of digital media with different input and output modalities (e.g., 

[66,114,152,153]), there remains surprisingly little work that has considered what role 

diverse forms of temporal modalities might play in opening new perspectives on and 

interactions with personal historical data. 

5.7. Conclusion 

We studied Chronoscope to explore personal history as an element of temporality raised 

by slow technology, and to investigate how this framing might offer a generative lens of 

supporting memory-oriented interactions with personal digital photo archives. Through 

building and deploying a small batch of Chronoscope research products we were able to 

gain insights into people’s real and situated experiences of their digital photos through a 

novel temporal lens as well as how their perceptions of both the device and their photo 

archive shifted over time. Our findings provide new insights into how mobilizing 

interconnected temporal modalities can offer unique ways of interacting with digital photo 

archives in ways that overcame limitations commonly experiences with contemporary 

photo viewing applications that inhibit remembering experiences. They also detail how 

physical form, digital photos, and interaction can come together in a design artifact to 

evoke a quality of co-evolving change over time. Our research contributes another step 

toward understanding how the concept of slow technology can be extended and 

advanced in design practice and field research. Our research also contributes to calls in 

the HCI community that call for longer-term programs of design research [186]. 

Ultimately, we hope this research future work inquiring into the role, place, and pace of 

digital data in everyday life, over time and into the future. 
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Chapter 6.  
 
PhotoClock: Reliving Digital Photo Memories as 
Clock Ticks in the Present Moment 

6.1. Overview 

Based on the findings in our deployment study of Chronoscope, we discovered 

design opportunities in relation to interaction pacing, user control, and timing. We first 

discovered an interesting notion called temporal blanks. Chronoscope has one limitation 

in that it connects photos in a sequence that entirely hides the ‘blanks’ or ‘gaps’ in 

periods when one did not take any photos in their life. Our research team considered 

that this kind of temporal blanks in one’s photo archive may hold important meaning in 

one’s life history, such as intentional removal of key life experience (e.g., due to a 

romantic breakup, loss of a loved one etc.). Second, we became interested in providing 

fewer user controls for people to engage with their entire digital photo archives. 

Chronoscope provides multiple sophisticated user controls (viewing directions, 

timeframe modes, and temporal granularity). While these controls supported participants 

to flexibly explore their photos in and across time, they took time for people to fully 

understand how it works and made the photo viewing process quite proactive and 

intentional. Thus, both the notion of temporal blanks and the design of user controls 

prompted me to think: How do people perceive temporal blanks in their digital photo 

history? How does user control affect the ways people reflect on their photos? And 

ultimately, what does it mean for one to view their digital photo archives as a whole?  

To brainstorm ideas for the next digital photo wayfaring project, I engaged in a 

critical, reflexive, and iterative design process similar to how I arrived at Chronoscope. 

Through iteratively generating design ideas and critically assessing them by potential 

research questions about time and slow technology, I progressively narrowed the ideas 

down to a core concept in relation to the perpetual movement of time. This core concept 

applies the current clock time to constantly tie the present moment to one’s past. This 

constant connection between the past and the present is designed with an aim to create 

a sense of ongoingness and intimacy between one and their past selves. Motivated by 



100 

this concept and how it could affect people’s lived experiences with their digital photos, I 

proposed my fourth research question: 

RQ4: What opportunities exist to leverage ‘current clock time’ as a design 
resource that supports new ways of experiencing the trajectory of digital photos 
one has accumulated in their life? 

To investigate this question, I created the second main design case in my dissertation 

research called PhotoClock, a mobile application that leverages the creation date and 

time embedded in digital photos to encourage contemplation of memories from the past 

bound up in one’s photo archive. A key objective in the PhotoClock project is to explore 

how the perpetual movement of time can be leveraged as a unique resource to 

continually connect the present moment to people’s photos taken around that same time 

of the day in the past. In particular, I aim to investigate how people perceive their 

memories through digital photos displayed ephemerally only around the clock time they 

were taken in the past5. Through eight months of iteration in our RtD process, we arrived 

at the final version of PhotoClock, a design exemplar of leveraging the perpetual 

movement of time to enrich memory-oriented experiences.  

Our research team recruited 12 participants to live with and experience this 

PhotoClock research product over an eight-week period through a field deployment 

study. Next, I will unpack the details into this design and deployment study. 

  

 
5 This chapter is adapted from a publication in DIS’23: Amy Yo Sue Chen, William Odom, 
Carman Neustaedter, and Sol Kang. (2023, accepted). PhotoClock: Reliving Memories in Digital 
Photos as the Clock Ticks in the Present Moment. Submitted to Designing Interactive Systems 
2023 Conference, ACM, Pittsburgh, Pennsylvania, USA. 
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Figure 24: Images of Ashley’s PhotoClock app in field.  
Having a larger size widget on her home page as a subtle trigger for reflection, Ashley often 
entered the app to revisit her digital photos taken around the same time of the day. Sometimes 
during her work in a cafe, she would put her phone beside the laptop as a desktop companion. 
Photos taken in Vancouver, Seattle, and Iran often surfaced, prompting her to reflect on 
memories of these different places. 

6.2. Introduction 

Photographs have long existed as a resource to support people’s practices of 

documenting their life experiences, self-reflection, social connection and contemplation 

of the future [38]. Today, people’s photographic practices are highly mediated by digital 

devices and services where the convergence of social, mobile, and cloud computing has 

enabled people to create personal digital photo archives at scales larger than ever 

before. As an example, people took roughly 1.72 trillion digital photos globally in 2022, 

and 92.5% of the photos were taken with smartphones [24]. 

These vast and still growing personal archives of digital photos pose new 

challenges for the Human-Computer Interaction (HCI) and design communities. As 

digital photo archives grow larger, they increasingly become formless and placeless, 

lacking the material presence that might invite people to notice and engage with their 

archive as an everyday resource [161,170,215]. This tension can create barriers for 

people to gauge how big their archive is and, consequently, revisit experiences, 

histories, and impressions captured within them [170,245]. Recent research has shown 

that the adoption of smartphones and low-cost cloud storage over the past decade has 

catalyzed a hyper accelerated growth of personal photo archives, further amplifying 

already existing tensions [15]. These changes also create new opportunities for people 

to reflect on memories within their photo archives which now capture considerable 

breadth and depth of life experiences over various years.  

Yet, there is limited knowledge on what techniques, strategies, and concepts 

could help guide design research to better support reflective experiences with large 
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photo archives. Growing work in the HCI and design communities has argued there is a 

need to develop alternative design approaches that support a diverse range of open-

ended experiences of reflection, interpretation, and slowness when revisiting digital 

photo archives (e.g., [31,54,95,162,223]). Additionally, as technology becomes further 

integrated and present within everyday life, researchers have argued it is critical to 

“investigate what it means to design a relationship with a computational thing that will 

last and develop over time – in effect, an object whose form is fundamentally constituted 

by its temporal manifestation” [136:11]. However, examples illustrating how such 

engagements with personal photo archives can be mediated through the creation and 

study of new design artifacts remain sparse in the HCI community.  

Our research aims to contribute specifically to this intersection through 

investigating three key objectives. First, we aim to inquire into how making people’s 

digital photo archives more present, dynamic, and interactive with different temporal 

pacing of clock-time might open new possibilities for situated, reflective memory-oriented 

photo viewing; we attend to how photos can momentarily act as cues to trigger moments 

of reflection on the past in relation to the lived present. Second, we want to better 

understand how temporal metadata might operate as a resource for generating 

alternative perspectives on and a renewed awareness of people’s personal digital photo 

archives. Third, we investigate life history as a quality of temporality raised by slow 

technology [85,163] and explore how this framing might offer a rich way to support 

ongoing and indeterminate experiences with digital photo archives that change over 

time.  

To pursue these research goals, we designed, implemented, and conducted an 

eight-week field study of PhotoClock—a mobile application that reconnects people with 

their memories through presenting photos previously taken at the ‘clock time’ of the 

present moment (See Figure 24). Leveraging temporal metadata, PhotoClock enables 

its users to revisit their personal digital photos through three pacing modes (Hour, 

Minute and Second). Each mode presents photos in a specific length and movement of 

time which is tied to the current clock time. These modes let people observe how their 

photo archive is structured across different temporal vantage points through a 24-hour 

lens, and supports them in experiencing the perpetual, ongoing flow of time. Offering a 

minimum degree of control, the PhotoClock design opens possibilities for people to 

encounter a wide range of unknown, forgotten, or discrete memories captured in 
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different points in time through the presence of their digital photos (See Figure 25). 

While its interaction design is relatively minimal and subtle, it takes time to understand 

and offers potential to catalyze various open-ended experiences in relation to curiosity, 

contemplation, and perception of memories interconnected through time.   

 
Figure 25: The user interface of PhotoClock. 
Left: The user sees a photo clearly with all the metadata presented in the page. Middle: In a 
special case, the user sees a blurry photo and it gets clearer as time goes by. Right: The user 
enters the Sunburst page and see how many photos were taken in this device throughout the 24 
hours. The darker the color is, the more photos were taken within that particular hour. 

We created a highly robust research product [168] version of the PhotoClock 

application and deployed it with 12 participants in North America for eight weeks, using it 

to open a dialogue with participants about the reflective potentialities of memory-oriented 

photo viewing through the lens of clock-time; and, to explore their experiences of living 

with an application that continually changed over time through the lens of slow 

technology. Findings revealed that PhotoClock became integrated into participants’ 

everyday practices and catalyzed a range of reflective experiences on their respective 

photo histories and life stories. They also showed that perceptions of PhotoClock 

changed over time and opened alternative ways of considering time and the potential 

longevity of personal photo archives.  
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This paper makes two contributions. First, it provides insights on how a design 

intervention can support memory-oriented photo viewing by making one’s digital photo 

archive accessible through different pacing of clock-time. Second, it offers a case that 

helps expand strategies for designing slow technologies that can be accepted into 

people’s lives and dynamically change with them through time.  

6.3. Literature review 

The related work falls into three sections: digital photo viewing experience, 

remembering through personal data, and expression of time. 

Designing interactions with digital photos  

Photographs are one of the most pervasive and extensive forms of digital 

possession that people have. Yet, challenges have emerged as people transitioned from 

using solely physical photos to incorporating digital photos in their everyday lives. 

Without a material presence, digital photos are easier to preserve, share, and 

accumulate over time [170], but this quality also makes it difficult for people to grasp how 

vast and fragmented their photo archives are [245]. Various studies have investigated 

people’s photographic practices in the digital world and discovered that people seldom 

have the motivation and patience to work on  photo management (e.g., [22,115]). This 

phenomenon may result from the difficulty in deciding which photos they want to 

preserve, revisit, or forget [146]. Researchers have shown that tensions associated with 

such decisions can become further amplified when it comes to romantic breakups 

[92,93,197] and the death of loved ones [165,198].  

Recently, there has been a growing amount of HCI research focusing on 

designing more diverse approaches for supporting people in interacting with their digital 

photos for experiences that include personal reflection [160,223], identity construction 

[40,41,89], and self-growth [39,131]. Yet, the exponential growth of personal digital 

photo archives continues to create difficulties for people to access and engage with the 

photos, thus complicating their ability to operate as valuable resources [22,245]. 

According to Bergman et al. [15], even with the advancement of mobile technology, 

people still have major issues in searching for and re-experiencing key meaningful digital 

photos. Conventional interactive forms and techniques, such as albums, scrolling 

galleries [5], slideshows [2,5], keyword searching, and face recognition do help, but 
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more diverse and alternative design approaches are critically needed [15]. Beyond an 

individual focus, digital photos also operate as important resources for collective 

remembering and intimate communication among loved ones [4,91,209] and family 

members [43,51,128,229,230,245]. Yet, few works have investigated how one’s digital 

photos could be presented, visualized, and revisited as a whole to create a sense of life 

journey or personal history for oneself, let alone sharing them or passing them down to 

others. 

Overall, these collective works showcase that, while limited, there is an 

increasing interest in investigating new ways to engage people in experiencing and 

interacting with their personal digital photo archives. They also highlight the critical 

tensions that come with massive personal digital photo archives and the need for a 

multiplicity of approaches that can enable people to get a grasp of their archive and 

experience it from different vantage points. Our research aims to build on and extend 

these works by creating, deploying, and studying a novel application that supports rich, 

open-ended interactions with personal photo archives through time.  

Surfacing memories through personal data and informatics 

The HCI and design communities have had an ongoing interest in how personal 

data can be leveraged to support personal reflection on everyday experiences 

[36,56,82,170,189] and life histories [35,55,98] in ways that are open to ongoing 

interpretation [195]. In parallel, there exists an increasing amount of work advocating for 

creating technologies that expand beyond “an exclusive interest in performance, 

efficiency, and rational [self] analysis” [57:48]. To this end, HCI and design researchers 

have articulated new opportunities for using metadata “as a resource for people to 

manipulate and personalize their virtual possessions” [170:991]. Through the Curatorial 

Agents project, Gulotta et al. proposed that temporal metadata can be leveraged “as an 

important factor in the meaning-making process [and] could be a contextual variable that 

helps situate digital information [for] evocative, meaningful, or relevant experiences.” 

[82:3460]. Collectively, this research helped open opportunities for seeing metadata in a 

new way for design – not simply as a by-product of the creation and use of personal 

data, but as a potential design material for supporting new ways of viewing experiences 

from one’s past from different perspectives.  
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Following this work, nascent research has utilized temporal metadata as a design 

resource to explore how it might generate new experiences of reminiscence and 

reflection [57,170]. For example, music players such as Olly [167], Olo Radio [169], and 

Musée [107] use user’s music listening history to resurface songs people once felt 

strongly connected to at a certain point in their past. Chronoscope [31] provides 

alternative ways of sorting digital photos such that people could observe their life 

patterns through different temporal lens. By combining photo and audio media in one 

tangible artifact, Slide2Remember [114] is a wall photo frame that plays songs that 

people heard at the period the photo was taken. These earlier works encourage 

leveraging temporal metadata as a design material to support new kinds of open-ended 

experiences with personal data. Yet, few works have applied this design resource to 

address and reconstruct different memories through and across time in the context of 

digital photos.  

Our work seeks to directly build on this prior research through contributing a 

novel design and field study that investigate how temporal metadata can be leveraged 

as a design resource to enable interactions with digital photos that are dynamic, 

generative, and ongoing. We discuss opportunities for memory-oriented photo archive 

interactions through a temporal lens, and reflect on how this alternative design approach 

can open a space for interpretive explorations of one’s life history in relation to different 

moments and periods of the day. 

Attending to the presence, expression, and ongoingness of time 

The scale and depth of different points in one’s life history that are bound up in a 

personal digital photo archive are what motivated us to explore how digital photos could 

be re-experienced through a temporal lens. In their foundational research on slow 

technology, Hallnäs and Redström argue that design practice must embrace a longer 

temporal trajectory to create “technology that surrounds us and is part of our activities 

over longer periods of time” [85:203] and that emphasize the “presence – not absence – 

of time.” [85:204] Since this foundational work, there has been a growing interest in 

exploring slowness and temporality as frames for the design of new technologies. Galani 

and Clarke [70] applied a slow technology framework to catalyze imaginative 

experiences through an augmented reality museum installation. Grosse-Hering et al.’s 

Slow Juicer [80] and Pschetz and Banks’ Long Living Chair [180] each mobilized 
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slowness to give rise to meaningful reflections on embodied practices with each artifact 

respectively, prompting reflection on one’s relation to them over their lifetime. A nascent 

set of works have explored how slowness could support meaningful experiences with 

digital data. Examples including the Reflexive Printer [223], Photobox [162], Olly [167], 

Postulator [87] and Family Stories [94] provide evidence that slowness can be a 

resource for supporting rich experiences, such as anticipation and reflection. Yet, these 

systems enforce a ‘slow’ pace by restricting nearly all control people have over the 

system itself.  

Recent research has advocated for the need to create new approaches for 

advancing the aspirations of slow technology through design in ways that offer people 

some control over the system, while not compromising the richness of this approach 

[126,163,179,181,222]. In this context, researchers have turned to embrace alternative 

conceptualizations of time. Several works, such as rhythms of pause [64], crescendo 

expression [222], and culturally relative notions of time [217], have articulated the 

importance of temporal structures in the design of interactive experiences. Pschetz and 

colleagues [20,181,185] argue that designing for slowness in the literal sense may result 

in an oversimplification of the dichotomy between fast and slow by treating ‘time’ as 

solely a matter of pacing. Rapp [184] proposed new opportunities for temporal 

technologies to enable more “malleable” representations of time with added control over 

the velocity of the interaction pacing. Collectively, these works highlight the need for 

research that explores temporal diversification through design and people’s lived 

experiences of it.  

Our work aims to contribute to these strands of research on slowness and 

temporality. Through our field study of PhotoClock, we seek to explore how ‘time of day’ 

embedded in the timestamp of every digital photo and the perpetual ongoingness of time 

could come together to create a subtle expression to meaningfully reconnect with one’s 

past.   

6.4. Methodology 

Our design research process was influenced by the concept of research products 

[28,157,168]—design artifacts that are created to drive a research inquiry and that have 

a high quality of finish. Research products are created to operate independently over 
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time to support field studies of their use in people’s everyday environments. Following 

prior work (e.g., [169]), this approach is particularly well suited for supporting empirical 

studies of slow or temporal technologies because these systems often take time to 

understand and require experiences and interactions to accumulate with them over time. 

We created a highly robust, resolved, and deployable version of PhotoClock as an iOS 

application. Next, we summarize key parts of our design process to highlight important 

qualities of our final version of PhotoClock.  

6.4.1. PhotoClock design process and implementation 

Our design of PhotoClock is highly influenced by conceptual propositions that we 

arrived at through close readings of theoretical articles on slow technology [84,136,163]. 

Our research framing is shaped by a synthesized set of slow technology’s propositions 

of creating technologies that: preserves time for reflection; manifests change through 

time; modulates pacing of interaction; and generates interconnections across time in 

everyday life. In line with these foundational conceptual aspirations, we are inspired by 

two design qualities – ongoingness and pre-interaction – proposed in recent research 

that aims to extend the theory of slow technology for design [163]. The ongoingness 

quality focuses on the perpetual movement of time, which “evoke[s] a recognition by the 

user that the artifact is continually changing alongside them, albeit at its own pace” 

[163:174]. Pre-interaction emphasizes anticipation and contemplation through 

“refocus[ing] attention to the expanded set of experiences that could be considered and 

designed for prior to interaction with the artifact itself” [163:174]. Prior research has 

speculated that these design qualities can come together synergistically to “project a co-

evolving quality that is unique and distinct to the user, that times time to interpret, and 

that can scale to evoke cumulative change over time” [163:174].  

Nascent design research exploring slow messaging systems, such as Future Me 

[154,173], Slowly [250], and CrescendoMessage [222], have shown that asynchronous, 

enforced delay of interaction with personal digital records from one’s past may lead to 

arbitrary perceived connections among the present moment and to a past event as the 

user compares two different times. In these cases, the end user often has very reduced 

control over the system during elongated moments of pause until the next digital record 

is revealed. To support an ongoing and subtle feeling of revisiting one’s digital photos, 

we became interested in the notion of nowness that is shaped by a sense of present 
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time in which “time flows unbrokenly forward at a natural speed” [130:1641]. This 

motivated us to take an approach that creates temporal interconnections among the 

relatively precise present time of day and the past clock times of when one’s digital 

photos were taken. Our goal is to provide an ongoing sense of nowness in the 

interaction flow in which people not only reconnect to their past across different days in 

life but anticipate what photo memories might ‘come and go’ as time flows. By designing 

PhotoClock, we want to understand how these qualities can be integrated to inquire how 

clock time might support a type of temporal flow that can dynamically connect people’s 

present moments to their past memories. 

Integrating ongoingness and pre-Interaction with 24-hour cycle. 

PhotoClock allows people to explore and interact with their digital photo archives 

through three basic features: pacing modes, archive visualization, and selection filters. 

When the user launches the app for the first time, a loading screen appears to access 

photos from the local iOS library on the user’s smartphone and build a new database 

based on which hour, minute and second each photo was taken in the past. Once this 

process is completed, the main page will fade in and start displaying photos according to 

the clock time (See Figure 26). 
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Figure 26: How PhotoClock presents itself and the metadata of photos 
Left: Using the current clock time, the PhotoClock app finds a photo taken around the same time 
of day in the past and presents it alongside with the temporal and location metadata to its user. 
The Control Panel displays the current selected filter and mode; Right: The PhotoClock widget 
presents a new photo every hour exactly like what users would see in the Hour mode. Tapping 
either the PhotoClock app or its widget on one’s home screen will lead its user to the app. 

Recent research has suggested that building in support for users to modulate the 

pacing can help mitigate tensions around lack of control without compromising the 

reflective, interpretive, and ongoing qualities of slow technologies [169]. Extending this 

work, we decided to create three pacing modes: Hour, Minute, and Second. Each 
mode selects photos from a different unit of time and provides a different rhythm in 

transitioning photos. Hour mode displays one photo per hour drawn randomly from that 

stack. For example, when it turns 5pm, PhotoClock will randomly select one photo from 

all photos taken between 5:00-5:59pm. This photo will remain present until it turns 6pm. 

At that time, PhotoClock will randomly select one photo from all photos that had been 

taken between 6:00-6:59pm, and so on. The process is ongoing, slowly changing with 

each hour indefinitely. Under the hood, the PhotoClock system knows the temporal and 

locational metadata about the photo that is being displayed. But each timeframe mode is 

not relational to each other – if a user were to change from Hour to Minute, a new 

random photo selection will occur and be taken from the stack in the newly selected 

mode (See Figure 27). If the photo being displayed during the Hour setting at 5pm was 
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taken at 5:29:10pm but in real time the clock time is 5:41pm, and the user changes the 

mode to Minute, a new photo will be selected from the 5:41pm stack in the Minute mode 

(i.e., from all photos the user had taken at 5:41pm across time). Then, when it turns 

5:42pm, PhotoClock will select a new Photo from the 5:42pm stack, and so on. If the 

user were to shift the mode back to Hour then a new photo will be randomly selected 

from the entire 5pm stack. If the Second mode is selected, then the app will pick a new 

photo every second (e.g., at 5:41:45pm, 5:41:46pm, 5:41:47pm). Again, like in all stacks, 

in the default setting, PhotoClock will aim to randomly select a photo from each stack 

(down to the second in this case). Thus, it is possible that a photo will be displayed each 

second, continually moving forward in time. 

 
Figure 27: Three buttons in the Control Panel  
① The main button on the right toggles between the three pacing modes (Hour, Minute, and 
Second). ② The middle one with a pie chart icon on it stands as an entry to the Sunburst page. 
③ The left one allows its user to toggle between the three selection filters (All, Date, and 
Weekday). 

We deliberately designed PhotoClock to be minimal so that people would focus 

on the photo itself. In addition to the primary screen which transitions the photos 

indefinitely through time, we created a secondary Sunburst page that illustrates a 
‘clock-like’ representation of time. This form draws inspiration in part from the Slow 

Watch 24 hour timepiece [33]; in our case, it shows the relative density of photographs 
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on a 24-hour clock. Through this clock-like visualization, people could observe the 

number of photos they have taken within each hour of day and reflect on the reasons 

behind this visualized information. 

Inspired by the data wayfaring concept where Rooksby et al. [189] argue that 

people do not follow a set path to their imagined future but wish to navigate their lived 

experience through using a variety of information (such as personal data), we decided to 

allow PhotoClock’s users to observe cyclical life patterns by a filter changing button. This 
button toggles among All Photos, Date, and Weekday. All Photos means that the system 

does not apply any filter, so all of the user’s photos would be considered by the system. 

The Date filter only show photos taken around this time of day on a specific date, such 

as all photos taken on July 7th throughout the years. The Weekday filter filters photos 

from a specific day of week such as Sundays. 

Collectively, PhotoClock’s three features enable people to view their digital 

photos in various timeframes. However, there is one special occasion that would lead to 

a ‘blank’ state in the system. That is, it is possible that a photo may not be available in 

the user’s archive. Probabilistically, it is less likely for this to happen in Hour mode (but it 

still could if, for example, a user has never taken a photo between 7:00pm-7:59pm). 

When in Minute mode, it becomes more likely that a user may have a ‘blackspot’ or zero 

photos in some stacks (e.g., at 7:00pm, 7:01pm, etc..). In Second mode, the probability 

increases dramatically that a user may have blackspots in many stacks in a serial order 

(e.g., 7:00:12pm, 7:15:13pm, 7:15:14pm, etc.). We call this kind of blackspot ‘empty 
moments’ which we saw as a design opportunity for supporting pre-interaction. When 
this occasion happens, PhotoClock applies a certain level of opacity where PhotoClock 

will ‘jump ahead’ and find the next closest photo that will be available in the respective 

selected pacing mode, and then slowly fade that in based on the gradation of time. For 

example, assume that it’s 6:59:09pm and there is a series of blackspot stacks up until 

7:00:58pm where the next photo appears. PhotoClock will then ‘lock onto’ that photo at 

7:00:58pm and then as each second passes, progressively getting closer to 7:00:58pm, 

the photo will slightly fade in, become easier to see until 7:00:58pm when it is fully 

revealed. This design decision is inspired by the CrescendoMessage project [222] which 

effectively utilizes blurriness to support people’s anticipation and curious exploration of 

one’s digital photos. This is also an important part of how the logic of PhotoClock works 

and how it compensates for blackspots in stacks (See an example in Figure 28). 
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Figure 28: An example of how the PhotoClock system deals with empty 

moments. It applies Gaussian Blur to the picture every second at a 
level based on how far the picture should appear in time. 

What if the user changes the pacing mode when it is currently showing a blurry 

photo? Under the condition that the mode is changed from higher to lower level (e.g., 

from Hour to Minute, or from Minute to Second), the system would select a new photo 

from the smaller stack. When the mode is changed from lower to higher level (e.g., from 

Second to Hour), there are two conditions. If the photo was taken within that hour (the 

larger stack), the system will show it 100% clearly immediately. If the photo was not 

taken within that hour, the system will pick a new photo from the larger stack. We 

designed the PhotoClock this way in order to support people to perceive and interpret 

the empty moments in their photographic history, as well as to create a sensitivity to 

different scales of time.  

Despite the three different features, PhotoClock’s interaction design remains 

relatively minimal. It points the user to a moment back in time related to the presently 

lived moment. As more photos are accumulated in the user’s everyday life, PhotoClock 

continually forms connections to various points in time and shape a photo archive bound 

to the 24-hour system. Inspired by the concept to create technology that requires time to 

understand and becomes part of people’s practices over time [136,163], the aim of these 

design decisions is to use minimal guidance for PhotoClock to catalyze a range of 

experiences for people to sense the growing scale of their digital photo archives and the 

potential relations hidden between different photo memories. 

Implementing and distributing PhotoClock to inquire into people’s everyday 
experiences over time. 

We decided to develop the research product version of PhotoClock in the form of 

an iOS app which can be installed on iPhones, iPads, and Apple’s M1-chip computers. 

Reasons are that it is one of the largest mobile operating systems [251], and that it is 

much easier and faster to manage image metadata and build a 24-hour structured 

database with its API support from Apple PhotoKit. The latter reason is especially 
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collected. If the user decides to delete the app, all the database and stacks will be 

erased entirely on their device. 

Collectively, our implementation allows PhotoClock to offer an ongoing 

experience to revisit a series of personal moments in one’s past. More importantly, we 

consider this implementation phase an important step to ensure that the PhotoClock app 

is highly robust and resolved before our distribution to real-world participants in the final 

deployment study. Next, we describe the details of participant recruitment, data 

collection and analysis of the study.  

6.4.2. Field deployment study: participants, data collection and 
analysis 

We recruited 12 participants from North America through word of mouth and 

snowball sampling methods (see Table 3).  

Table 3: Participant profiles of the PhotoClock project 

Participant Age Gender Profession Cultural 
Background 

Types of Photos 
They Take 

Number 
of 
Photos 

Lori 25-34 woman Theatre Studies Taiwanese Travel, daily life, cat, 
nature 19,266 

Ashley 18-24 woman Virtual Reality Persian Friends, family 25,762 

James 25-34 man Data Visualization Latino Pets, travel, partner, 
food 5,000 

Pamela 25-34 woman Biotech Taiwanese People, travel, food, 
daily life, cat 1,678 

Timothy 25-34 man Virtual Reality Chinese Memories, life 11,008 

Keith 18-24 man Virtual Reality Indian Sunsets, portraits, 
night skies, people 41,766 

Melissa 25-34 woman Machine Learning Taiwanese People, pets, scenery 23,415 

Rebecca 35-44 woman Photography, 
Language American 

Friends, family, 
places, pets, 
mundane moments 

12,579 

Walter 25-34 man Interactive Media 
Arts Indian Friends, places, 

artefacts 54,477 

Natalie 18-24 woman Digital Product 
Design Arabic Friends, fashion, food, 

scenery 8,479 

Sasha 35-44 woman UX Design, 
Administrator Pakistanis Food, family, special 

events 1,000 

Denise 25-34 woman Film Production Taiwanese People 30,009 
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Similar to the aim of the original technology probes paper [104], we focused on a 

small selection of participants to collect rich and descriptive qualitative data in order to 

gain deep understanding of our targeted research topics. We use pseudonyms to 

describe participants. We decided to select these participants because, taken together, 

their respective digital photo archives and photographic practices had shown 

considerable diversity in terms of size and image content. 

Each participant had their PhotoClock app installed at the start of the study. All 

interviews for the study were conducted over a secure video conferencing application. In 

the initial interviews, we learned participants’ photographic practices and, more 

generally, their daily lives and practices. We offered a demo of PhotoClock and provided 

a document briefly explaining how it works. We explicitly noted that they could develop 

their own interpretations of PhotoClock based on their interest in using (or not using) it. 

All were aware they could drop out of the study at any time.  

After the initial setup, we conducted bi-weekly check-ins with participants over 

the 8 weeks. We aimed to probe the degree to which PhotoClock prompted reflective, 

temporal reminiscence, or other memory-oriented experiences over time. We were also 

interested in whether unexpected connections across photos were revealed or if 

participants encountered photos that they did not remember taking to understand how 

these experiences were reconciled. The final in-depth interviews lasted approximately 

one hour. Two researchers attended and took notes in each interview. Notes were 

reviewed immediately after each interview, and tentative insights were noted in reflective 

field memos [78]. All interviews were audio recorded and saved confidentially to a 

secure storage unit. After getting a set of verbal transcripts from an automatic 

transcribing service named Otter.ai, we manually corrected the misinterpretations in the 

output transcripts. The final transcripts were then coded by two members of the research 

team, using a hybrid approach involving first deductive and then inductive coding. After 

each interview, we conducted a preliminary analysis, including a search for themes of 

stabilizing and shifting patterns across our data that were later drawn out as underlying 

themes [142]. We coded raw documents with these themes and created affinity 

diagrams to model connections and differences among participants. Ultimately, this 

process yielded five main themes, such as general usage, ephemerality and dynamics, 

reflection on the passage of time, life patterns and memories, and longevity and 

cumulative experience. 
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Figure 30: Participants provided pictures of how they use PhotoClock. 
Left: While PhotoClock was showing Rebecca a photo of her taking care of a friend’s dog at a 
Thanksgiving gathering a few years ago – here she was sitting with the same dog at the moment 
she viewed the photo. Middle: In parallel with using the app on iPhone, Keith would run the 
PhotoClock app on his M1 Macbook Pro. Right: Melissa used the PhotoClock during her work 
breaks while remote working at home. 

6.5. Findings 

In this section, we describe examples taken from the interviews that best 

illustrate themes in our findings with a focus on how PhotoClock mediated photo viewing 

experiences in relation to memories, reminiscence, and temporality. To better 

contextualize the thematic findings, we offer a brief overview of participants’ existing 

photographic practices. Across our initial interviews, it was common for participants to 

express uneasiness over the whereabouts and provenance of significant digital photos, 

and desired for new ways to generate engage with their respective archive’s contents, 

as captured well by Rebecca:  

“Even professional photographers have lost significant amount of their 
work through hard drives failing or SD cards being corrupted. There's 
plenty of reasons to not expect digital photos to last forever. Also, it's 
really easy to lose track of them in the digital form. …Even with my own 
family photos, [they are] all in [physical] photo albums. How do you 
make sure you are able to share your digital photos with your family in 
a way that they can access and understand what's going on? We might 
lose a lot because they're digital.” (Rebecca) 

The complications and desires communicated by our participants are generated 

from a lack of control over and awareness of their personal digital photo archives 

matches findings from prior HCI research [15,22,115,170,245]. Collectively, it is obvious 

that currently available tools may not be adequate to address the scale and 

fragmentation of participants’ photo archives and triggered ambivalence over how they 

will engage with them as they continue to grow. Even though social media such as 

Facebook and Instagram have provided the ‘Memories’ feature that allow people to 

reflect on their previous photo posts, them reported that the feature is quite restricted to 



118 

their public image and that it only shows posts on the same date of the year from before. 

However, all participants desired to continue creating, accumulating, and sharing digital 

photos indefinitely into the future.  

Overall, during the field study period, 9 participants reported that they have used 

PhotoClock multiple times every day while other 3 participants used it for two or three 

times a week. Eight participants decided to add the PhotoClock widget to their home 

screen at the start of the study. Next, we present findings that detail the range of 

experiences participants had with PhotoClock throughout our field study. 

6.5.1. Viewing digital photos based on the present clock time 

Prior slow technologies have encountered tensions that complicate their 

acceptance and adoption as frustration emerged for participants due to a lack of control 

over the technologies they lived with (e.g., [76,87,154,223]). The PhotoClock design 

aims to extend a degree of control to users through the pacing modes, while being 

unable to fully 'stop’ the flow of time. As our study progressed, we observed that 

participants shifted their focus from discovering memories as they were, to reflecting on 

multiple life events altogether. Yet, its three pacing modes could also take time to make 

sense of, at times causing frictions around their intelligibility and intention. In the 

following subsections, we unfold participants’ perception of PhotoClock’s three pacing 

modes. 

Perceiving the Transition of Memories Dynamically through Second Mode. 

Participants widely reported Second as the pacing mode that they started with 

when beginning to use PhotoClock. This mode–which tended to display a set of photos 

taken in the same event or historical time period–appeared to help participants 

contextualize photos and prompt recollection of memories, as compared to viewing only 

a single photo. For example, James reflects on encountering snippets of memories in 
sequence:  

“I usually take multiple photos in succession, so this mode groups 
snippets of moments in time, like short memories. …Individual pictures 
didn’t always take me down to that specific moment, but seeing the 
series of 4 or 5 pictures definitely brought back the memories, such as 
being cold but happy during the convocation, trying different beers in 
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Nova Scotia, and enjoying the sunny days walking around the pyramids 
in Teotihuacán.” (James) 

Similarly, Keith found Second mode helpful in picturing the progression of his 

past events. He was able to trace his various attempts at taking a satisfactory photo and 

recognized value in the ‘gaps’ as photos transitioned from one to another: 

“I take a lot of [photos] which are blurry or in different exposures, 
different camera lenses, so I had moments where I could see my failed 
attempts and then finally get to the one which I chose. …I could see the 
process behind the actual events. …There's often awkward pauses like 
something would happen, like traffic would pass, or like we would stop. 
There's a few seconds where it would be blurred until the next photo, 
and I started remembering what happens in that sequence. Pretty 
interesting context–to see the gap between photos.” (Keith) 

However, when Second mode displayed a sequence of photos from distinct 

events, some participants found it difficult to contextualize the photos in a very limited 

time span. The momentary, ephemeral presence of such photos could create a sense of 

anxiety and, in some cases, participants reported desires for a pause button that would 

give them more time to reflect on each photo. This situation happened more often for 

participants who had much smaller archive like Sasha: 

“Second [mode] gives me stress. As soon as I saw a photo, something 
else showed up. I was like, what did I miss? I knew I forgot something, 
but I just didn't know what [it is]. It moves so fast that I kind of lose 
whatever emotion I have.” (Sasha) 

Walter communicated experiences of both intrigue and bittersweetness as he 
witnessed multiple memories dovetail into each other and a bigger picture of his earlier 

school life emerged:  

“[It’s] interesting to experience all the overlapping of different events. 
…I’ve been wanting a pausing button for the Second mode, but I feel 
complicated about it because I do appreciate the app giving me a sense 
of ‘real time flow’. That’s the way time works. We have no control over 
it. But, how can we deal with it? Some memories I can never experience 
again, and maybe it’s great that I learn how to let the memories come, 
and then take a breath to let them go again.” (Walter) 

Collectively, these examples illustrate how participants leveraged PhotoClock to 

examine traces of their past self and to move across different times of the day in the 

Second mode. This, in turn, could lead to either an overwhelming feeling of not being 

able to restore memories right away before time moves on to present another photo, or 
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an overall awareness of one’s entire life history, with and without photos. They also hint 

at tensions they may emerge with smaller archives that may fade or change over time as 

the archive grows larger. Next, we describe what photo viewing experiences could be 

primed at a slower interaction pace with the Minute mode. 

Sensing the Visual Expression of Memories Slowly and Emotionally in Minute 
Mode. 

When participants reflected on their experience with Minute mode, they often 

pointed out that it was easier to focus on the visual expression of the photos PhotoClock 

presented. For example, Denise recontextualized a faraway yet pleasant memory 
triggered through a static representation of scenery: 

“When you use Minute mode, you can think about that photo and remind 
yourself what happened during that time instead of just a bunch of 
photos snapping in front of you all the time [like in Second mode]. ...It 
was one sunset photo in Seattle, at the hill in the Gastown. I don't know 
why, but it was kept in my brain for a while. It was just calm and really 
happy. I was visiting my cousin. He introduced his friends to me and 
then we had a good time just walking around the parks and seeing the 
old facilities left there for 100 years.” (Denise) 

Moreover, Natalie remarked on how the Minute mode was suitable for her to 
effectively relive an unexpected moment a few years back when she was in a different 

city: 

“When I used Minute mode, it's less about the time itself and more about 
the location and the content. Because when you browse photos, you 
specifically look for something. But with PhotoClock, the photos just 
show up in a way that caught me by surprise. You have to accept what 
you're seeing in front of you, instead of actively looking for the memory. 
…There is a photo of the museum in Boston. When it showed up on 
PhotoClock, I felt like, wow, it definitely brought back memories of the 
time, who I was with, and even the feeling of being there. Moments that 
I didn't think were important to me at the time could actually make me 
feel really appreciative towards them now.” (Natalie) 

For Ashley, the Minute mode offered a valued prompt for reminiscence 
compared to the pacing of other modes: 

“Minute mode is my favorite. ...It is a good balance for me to go through 
memories between too fast [Second] and too slow [Hour]. …Most of the 
photos I saw were taken in my home country, Iran. …70% [of them] 
were from the past memories that I have forgotten or have not visited 
for a long time. It made me both sad and happy. How much can things 
change? How much can people change? And what you don't realize is 
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how fast things go by. It was a very emotional roller coaster for me to 
hold up.” (Ashley) 

However, some participants felt anxious while waiting for the next photo to 

appear. They reported a clash between PhotoClock’s pace and their desired pace. For 

Melissa, frustrations could emerge when she encountered a ‘gap’ in and was unaware 
of when a photo would become fully resolved and unblurred: 

“Sometimes, I saw a blurry picture, and I would wait for [a clear picture]. 
But I wish it would be able to appear faster. I keep waiting, keep waiting, 
and then finally, it shows up! But I was interested in the next one 
[already]. I had to wait for the next minute [to come]. …I think the pace 
could be adjusted, either to be faster or slower, depending on the 
situation.” (Melissa) 

Overall, these examples illustrate how participants leveraged the Minute mode’s 

pacing to engage with moments of reflection on traces of their past self. Next, we dig 

deeper to see how Hour mode offered yet a different perspective on and mediation of 

people’s experiences with their photo archive. 

Manifesting Time of the Day in a More Prominent Way with Hour Mode. 

With Hour mode, we discovered that participants were more likely to ascribe 

meaning to a specific periods and daily patterns across different life stages. For Natalie, 
viewing various photos from around the same hour of the day helped her establish 

mental associations among her past routines: 

“Eight pm in Boston, 8 pm in Vancouver, or sunset in San Francisco… 
Most of these beautiful things took place in the evening because during 
the daytime, I was always in college or working, so, it was interesting 
to think about my routine at the time, the hour that was associated with 
my life at the time. …Hour mode makes me think about those times in 
a more prominent way. It signifies more things for me versus the other 
two modes just because they don't really solidify things for me in a way. 
I would think about what I was doing at a particular hour, but not for 
the other two modes.” (Natalie) 

Participants also reported that the widget was a befitting medium in the case of 

Hour mode. In the following quote, Keith was able to appreciate the slow pace of 
changes happening in the background: 

“This was the most pleasant mode. Most passive and least anxious. I 
didn't feel the need to click on anything. I just viewed the image and 
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nothing else. I wasn’t anticipating a refresh. That's why it works the best 
in this widget format.” (Keith) 

In parallel, participants often used the Hour mode in combination with the 

Sunburst feature for self-reflection and discovering patterns throughout the day. This 

theme is best captured through Rebecca’s reflection: 

“Most of my photos were taken when I was travelling, so it makes sense 
that there would be a bulk of images during the middle of the day. …This 
one [photo] is geese in the river. It was a morning walk from when I 
was in Prague. It wasn't any crazy, important image, but it made me 
realize certain patterns or rhythms to my day. I go on lots of morning 
walks in Vancouver. I do the same thing even when I'm home. I have a 
bunch of pictures of herons because my partner and I have a heron 
challenge where we'll try to get points for who sees the most heron. …I 
also wonder what I did early in the morning. What would I see if I 
opened PhotoClock at four in the morning?” (Rebecca) 

After using Hour mode to examine the life patterns depicted in the Sunburst 

page, some participants desired more controls over seeing more contexts or interacting 

more with the Sunburst visualization. Sasha, for instance, mentioned that it was the 
empty moments she perceived from the gradational colors in the Sunburst page that 

gave prominence to her own life patterns and made her curious: 

“I liked the empty moments. I liked the [darker and lighter colors in] 
Sunburst because it showed me some patterns. …What would be nice is 
that it could give some more context rather than me actually looking for 
the photograph [back to the main page]. ...I would like to have some 
people’s tags on the photograph. Some metadata that actually speaks 
volume like what is included in this particular Sunburst. Then if I'm 
interested, I would click on this slice of hour, and it would show me 
photographs in the hour.” (Sasha) 

Our findings show Hour mode provoked numerous instances of recollection and 

reminiscence on past memories among participants. Further contemplation was 

prompted through the Sunburst visualization or the hourly updated widget sitting in the 

background of participants’ smartphone displays. In several cases, these experiences 

triggered participants to prospectively envision alternative kinds of interactions that could 

support such discoveries which are not well supported by current digital photo 

applications.  
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6.5.2. Experiencing and reflecting on the shifts between different 
timeframes 

During our study, participants frequently made use of the pacing modes and 

selection filters to view their photos from different perspectives. When asked to compare 

her experiences with the three temporal lengths, Rebecca described a limitation in the 
finer granularities of Minute and Second modes: 

“With the Second and Minute, I feel like the granularity was finer than... 
I could realistically perceive. Hour made sense. Clearly, I go for morning 
walks around 9 to 10am. It was the timeframe and the granularity of 
the hour that I could see connections that I don't know if I would 
necessarily saw in the Second or the Minute mode. ...Part of me is like: 
‘Because time is a construct? And because we need to demarcate time 
in some way?’ Maybe also because I don't plan my time in the second 
and minute way.” (Rebecca) 

In addition to the pacing control, PhotoClock enabled participants to apply 

selection filters of today’s Date or Weekday to observe more specific life patterns in 

different timeframes. Overall, most participants considered that days of the week matter 

less whereas dates of the year were much more appreciated, as Keith shared in this 
quote:  

“Weekday was the weakest for me because I've had varying schedules 
over the years, so I didn't really see a pattern. Whereas the same date 
had the strongest effect. I can see all my history on the same date. 
Maybe it’s in a different location, with different people. Also, age 
matters. In my case, it will be just 23 times at max that has happened, 
so it becomes very special. Same reason for why birthdays and new 
years are special. There's a lot of interesting interpretations and 
inferences to make from that.” (Keith) 

However, one exception exists because there was an extremely important life 

event tied to a specific weekday in work. This opinion was best depicted in Sasha’s case 
about an awakened feeling of her first day at work: 

“The only time I did feel [the importance of weekdays] was when I first 
entered the office in my previous company, I really liked the feeling [of 
seeing the office], so I took a picture during a tour. Basically, that 
particular day was a nice Wednesday. I still felt like all of this is just like 
yesterday. …But I think the Date [filter] made more sense to me, 
because that tells me how many years have passed and how time was 
moving so fast.” (Sasha) 
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When reflecting on his experiences of using the filters on PhotoClock, James 
discussed how its minimal controls enabled him to recollect memories through ‘a flow of 

pictures’. 

“On-demand control is a bit overwhelming since there are so many 
photos and it’s sometimes hard to find specific memories. Having ‘a flow 
of pictures’ allows [me] to unearth some of those lost memories. For the 
latter, I like the grounding it gives you in terms of time and dates, 
whereas the former is only becoming manageable through AI sorting 
and labelling. Having more control is definitely a plus for the user 
experience, but given the vast amount of photos, rekindling memories 
is more about the randomness of finding pictures, especially when we 
might not even know that certain pictures existed in the first place.” 
(James) 

Collectively, through the interactivity provided by PhotoClock, participants were 

able to observe their life patterns more specifically on a designated date or day of the 

week. PhotoClock offered opportunities to revisit memories from our participants’ 

respective digital photo archives in ways they largely did not have access to previously. 

Next, we describe participants’ concluding reflection on their cumulative experiences of 

using PhotoClock at the end of our field study. 

6.5.3. Accumulating and reliving memories through ongoing 
connections of past and the present 

Following HCI research that calls for supporting people in wayfaring through their 

data from diverse perspectives [57,189], PhotoClock offers an alternative way of 

revisiting one’s life episodes through digital photo history. We found participants did not 

perceive PhotoClock as ‘competing’ with their existing practices or replacing their own 

photo library, but rather extending it a novel, memory-oriented approach to re-

experiencing their archive. For example, consider Natalie’s reflection on the memory-

oriented experiences that PhotoClock provoked and how such an approach may exist 

harmoniously with existing photo viewing techniques: 

“The gallery view is almost irreplaceable at this point. It's an essential 
that we can control what photos to see. Whereas PhotoClock is more 
about not having control or little control, so you're in a more passive 
position to think about emotions. Honestly, I really like this because 
they are memories. When you think about memories, a lot of the times 
we look at things or hear things that trigger them. I don't recall the 
times where I actively searched for memory. It's usually being recalled 
unconsciously. …Each of these photos [on PhotoClock] brought me back 
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to the state of mind and location I was in at the time. …Overall, it’s very 
nostalgic and made me really appreciate my life. I feel grateful that I 
could go to these places, meet people, and document these photos.” 
(Natalie) 

Interestingly, Timothy reflected deeper on his experiences of conceptualizing 
time and memories among the three paces. He wondered whether there would be a 

potential temporal design for future digital technologies to make certain cyclical rhythms 

off in order to best provoke and support people’s reflection on their day-to-day lives: 

“Time systems are so important in our lives. If we change that, it’s like 
we're living on another planet. Imagine we only have 10 hours a day. 
That will totally change the way humans live, work and play. In Mayan 
cultures, there are 18 months in a year, and like 20 days in each month. 
…Sometimes I remind myself of having 1,440 minutes in a day, so I 
have more than 1,400 occasions to reflect and appreciate happiness. 
Different systems of time or timing really calibrate different mindsets. 
There might be a system that can ‘optimize’ reflection. I don't know 
what it is, but it does play an important part in nudging people to reflect 
and being appreciative of living, and living in the moment.” (Timothy) 

Towards the end of our study, it became common for participants to 

prospectively contemplate their photo archives from a longer-term perspective after 

using PhotoClock. Here, Walter considers what kind of digital photo archive he might 
possess in the future: 

“[Checking PhotoClock] There's no photos during this period on January 
5, which means I've never taken a photo from two minutes ago. It's 
blurry in front of me right now. It is interesting to think about if we're 
way older in 20 years, how many photos we're gonna have? It's pretty 
interesting to think about this sort of emptiness. Like, unknown space 
in your life? Being filled or accumulated over time.” (Walter) 

On PhotoClock, perhaps one of the most fascinating things is to observe the 

changing relationship between participants and their loved ones. Lori specifically 
touched upon this topic:  

“Using PhotoClock is very counter-intuitive. Especially nowadays, you 
want to see everything immediately, so waiting has become more 
challenging. I really liked that. It's a rare experience in modern life. 
…PhotoClock reminds me of my relationships with others. ...For 
example, a travel experience, or a beautiful time with someone would 
make me print the screen and share with my friends. …This kind of 
passive photo viewing way provides me another chance to expect, which 
photo will jump out when I turn on my PhotoClock? It's always a 
surprise. …I will keep the app on my device if it keeps updated after the 
study.” (Lori) 
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Regarding how PhotoClock enabled deeper reflection on a changing relationship 

with others, Pamela shared a touching story of remembering her loved one’s past life 
patterns through a photo she had not visited for a long time: 

“I traveled [back] two weeks ago because my grandma passed away. 
During that trip, I saw one photo of my grandma's garden. I was missing 
her a lot. I'm glad I still have some of her photos in my albums, so it 
randomly pops up. That photo has been in my album for more than five 
years. Yet, it's until the day I saw it that I realized it was actually 
[around] sunset. PhotoClock reminds me of a daily thing that my 
grandma used to do. When she was alive, she would go up to the garden 
and water her plants. It’s usually 4 or 5pm. That's also the time she 
worshiped God. Her garden is on the fourth floor of the house. My 
grandma couldn't go up there in recent years, so she just asked 
someone to help her. It's too many stairs to climb. So, it's her routine 
— every day in the morning, and before sunset.” (Pamela) 

Keith noted his appreciation of PhotoClock for how it supported him in 
celebrating precious moments through a unique ‘abstraction of time’:  

“There is value in just associating yourself with the rough time of a 
previous moment. You don't actually need to know the exact numeric 
value behind it. Even with Spotify’s wrapped [a review of songs the user 
have listened to throughout the year], …they don't really need to tell 
you that you heard the song in this day in time. I feel like the more 
information you give, it reduces its significance. But grouping it together 
is what makes you see a pattern. When you take away the numbers and 
the actual individuality of it, it becomes a pattern of things. Like 
PhotoClock groups your photos in a very unique way, in an hourly lens. 
It does invoke that feeling of making you celebrate previous precious 
moments. And people do share the moments because they enjoy 
nostalgia and appreciate their experiences.” (Keith) 

Collectively, through the PhotoClock interaction design, participants rediscovered 

their digital photo archives in a more experience-centered way. These findings illustrate 

the potential value in supporting alternative ways for people to journey through their vast 

and still growing digital photo archives. To this end, they make clear that the long-term 

nature tied to the digital photo accumulation that people now experience should be 

treated with reverence when designing digital photographic technologies – which we 

reflect on more deeply next.  
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6.6. Discussion and implications 

Interacting with digital photos shapes how people locate, retrieve, recollect, and 

share memories. Our findings validate and extend prior work ([15,22,170,245]) by 

showing that current technology often complicates and limits these practices. Our 

research offers key contributions that advance current research in the following ways: 

• Using clock time and timestamps as design materials to invite flow-based 
exploration into one’s digital photo archive; 

• Providing minimal controls to support people’s interaction with their life history 
hidden in personal data over time; 

• Extending the conceptual lens of slow technology through developing diverse 
strategies to design with temporality. 

Next, we discuss opportunities and challenges for future HCI research tied to 

these points. 

6.6.1. Flow-based interaction design for memory-oriented photo 
viewing experiences 

Previous studies show that photos are valuable media that trigger people’s 

recollection and interpretation of their autobiographical memories [16,17,99]. Targeting 

people’s longer-term engagement with their large and growing personal photo archive, 

our approach minimizes navigation controls for photo exploration and foregrounds focus 

on the ongoing passage of time and the memories that may be bound to present 

moments. Our findings suggest that through the accumulation of such reflective 

moments, PhotoClock was validated as a viable dynamic approach to mediate 

interactions with digital photos, named as ‘flows’ by Walter and James. Through our 
study, it became clear that this continuous form of experience highly depends on the 

connection between the ongoing ‘now’ and all of the memories tied around the same 

time of day in the past. Interestingly, this kind of temporally dynamic flow-based process 

of remembering the past invited a range of photo viewing experiences that included 

curiosity, anticipation, nostalgia, and reflection. According to Natalie, the PhotoClock 
interaction design resembles the way memories are usually recalled organically—

through unintentional, incidental, or serendipitous moments as opposed to proactive 

search. This finding supports van den Hoven et al.’s research, where they found: 
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“everyday personal memories and cues are often not controlled in any way, at times the 

cues are not even presented explicitly” [100:110]. In extending this work, we found that 

PhotoClock primed participants with a reflective mindset where they not only made 

sense of their photos as a collective whole of their life history but also perceived photo 

viewing in a take-it-or-leave-it approach, where memories could be ephemeral. They 

come and go naturally, following the flow of time.  

Our study of PhotoClock revealed three key critical factors that shaped 

participants’ flow-based remembering processes: ambient representation, consecutive 

triggers, and minimal controls. First, the use of a persistent yet unobtrusive widget as a 

dynamic ambient window into one’s photo archive resurfaced participants’ photos 

through a subtle expression. Unlike the well-known interruptive nature of common 

mobile notifications that have and continue to trouble people (such as sound, badge, and 

alert) [61,123,242], the PhotoClock widget functions independently at its own pace, 

which our participants widely valued. Second, we presented a series of instances 

interrelated to each other as time goes by. The process of accumulating visual 

information supported participants to slowly recontextualize their memories from various 

camera angles, as depicted in Keith’s quote. Here, those normally considered ‘bad’ 
shots or duplicate photos within people’s archives could operate as unique resources for 

remembering the situated context of memories differently. Third, our findings show that 

the minimal controls allowed in PhotoClock put participants in a constructively 

‘accepting’ or ‘passive’ mindset, where they were able to let go of control, receive a 

photo from their past, and reconstruct their autobiographic memories in a self-

determined and ongoing way.  

Collectively, the integration of our design decisions offers a novel way of 

engaging people in rediscovering their trajectory of life journeys and cyclical patterns 

over time, which, they did not have easy or intuitive access to within their digital photo 

archives. Yet, clearly there is an opportunity for future research to make use of other 

digital forms to enable flow-based interaction. For instance, similar to widgets, smart 

watch faces might work as an effective ambient form to resurface one’s photo memories 

over time. Likewise, alternative digital formats that represent one’s personal history, 

such as videos, live photos, and blended media forms like audio and photo (e.g., 

Slide2Remember [114]), are also worth investigating because, unlike regular static photo 

files, they require time to fully reveals themselves. Thus, these media forms could be 
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natural materials for flow-based interaction design to offer more diverse perspectives of 

one’s life journeys. Future research in this space will be important for all, but perhaps 

most critical for the younger generation as they have started to create and develop a 

multimedia library as a way to represent their life history and to share it with others (e.g., 

[91] and Keith’s emerging accumulation of video memories). 

6.6.2. Minimal controls in supporting longer-term human-data 
relations 

While prior research suggests that more forms of control and direct manipulation 

are needed to engage people in the digital photographic practices [5,21], our findings 

offer a generative and constructive counter-narrative that illustrates how minimal controls 

can provide pathways for people to focus and reflect on their memories in a dynamic 

way that may change over time. According to Axtell et al. [5], the combined lack of user 

control, lack of visual context, and manual curation are key reasons that photo viewing 

applications (e.g., slideshows, large scrolling galleries, and tabletop) are often not 

effective prompts for remembering the past or for spontaneous reminiscence. Taking an 

alternative approach, our study of PhotoClock offers a design case that productively 

invited participants to reflect on unexpected elements within their digital photo history 

with minimal controls. This led to our participants adopting a largely open mindset where 

they focused on the photo presented in the present moment, and the associations that 

might emerge between the now and the past. Taking Pamela’s photo of her grandma’s 
garden as an example, PhotoClock enabled her to rediscover this photo and her loved 

one’s life patterns for purposes of mourning and peacefully dealing with grief.  

     Yet, we also found one apparent and important limitation in the PhotoClock 

design is its restriction of how long participants could interact with each selected photo. 

While appreciating their life patterns being depicted by the temporal flow and empty 

moments, participants desired ways to modulate the photo viewing pace more flexibly, 

perhaps especially when there were unexpected and uncomfortable interaction ‘gaps’. 

For instance, Melissa reported a frustration in Minute mode that she experienced her 
eagerness to know what the next photo would be for almost an entire minute after she 

had processed a photo. Thus, a clear implication following from our research is that it is 

important to build in support for manual and flexible tuning interaction pacing with 

somewhat minimal controls, such as a refresh feature enabled only within the longer 
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pacing modes like Minute and Hour. For example, at 12:33:00pm, a user sees a new 

photo on PhotoClock and starts a process of recontextualizing and reflecting on the 

memory. At 12:33:21pm, they have concluded the process and could decide whether or 

not to receive another photo that was also taken at 12:33pm in Minute mode (or another 

photo taken at 12:00-12:59pm in Hour mode). Alternatively, there could be a fast 

forwarding and rewinding feature that allows people to drift the photo viewing pacing in 

and out of alignment with common rhythms of second, minute or hour (e.g., the photo 

transitions every 12 seconds). 

In sum, the approach of designing with minimal controls has shown its value to 

support people’s longer-term relationship with their data and digital possessions. It 

implies opportunities for future research to investigate how temporal trajectories of one’s 

data might be dynamically preserved and revisited as they accumulate over time. Such 

interaction could give rise to memory-oriented experiences that offer unique 

comparisons and entanglements of life histories throughout one’s archives or among a 

group of people for social interactions. As opposed to using on-demand controls 

overwhelmingly (e.g., AI sorting and keyword searching), James argued that memories 
were better rekindled in a flow of photos naturally using minimal controls, especially 

when he did not know what was in his vast digital photo archives in the first place. 

Echoing this view, we argue that having more ways of providing ‘some temporal context’ 

should be further investigated as hints to prime and enrich people’s interpretations of 

their own memories. This design-led approach can be seen in complement and in 

parallel to more technically driven approaches to photo organization and interaction 

(e.g., machine learning and information retrieval).  

6.6.3. Temporal metadata as a design resource for discovering 
personal empty moments and life patterns 

Building on prior research that have investigated the use of photos as memory 

cues to invite reflection [196,204], our study of PhotoClock has advanced a novel 

technique of using temporal metadata to trigger memories. This approach led to ‘empty 

moments’ playing important roles in supporting participants to discover different forms of 

remembering and to speculate what would be filled in their own photo history ‘gaps.’ For 

example, Sasha mentioned that it was the empty moments she perceived in PhotoClock 
that gave prominence to her own life patterns and made her curious. Similarly, Walter 
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experienced his empty moments on January 5th and wondered what photos could be 

there if he launches his PhotoClock 20 years later. Taken together, those ‘temporal 

blanks’ in periods when one did not take any photos in their life created room for 

participants to make rich interpretation and inference from them. They also stand as an 

alternative design resource that future work can mobilize within new photo viewing 

applications, as well as in approaches to data wayfaring [57,189] where people navigate 

their lived experience through using a variety of personal data.  

However, our application of gradational blurriness is simply one way of 

representing empty moments. There exist opportunities to extend a research focus from 

investigating empty moments or gaps in one’s data history to exploring how more 

diverse conceptualizations of empty moments could support people to understand and 

interact with their digital possessions. For instance, future researchers could apply 

different rhythms of pause (e.g., [64]) when giving form to empty moments or ‘creating’ 

empty moments. An example of applying a ‘pending’ form of pause to empty moments in 

PhotoClock is to show people what scene their phone’s rear-facing camera is currently 

capturing instead of a blurry version of the upcoming photo. If the user likes the scene, 

they can press a shutter button in app to merge it into their personal photo history 

immediately. This way visualizes a process of transferring one empty moment from a 

pending scene into an actual photo instance. Another example could be to apply a more 

‘periodic’ form of pause in PhotoClock, where Pamela could set up a recurring event on 
her grandma’s death day and only see her grandma’s photos on that date every year. 

The originally occupied time stacks of her grandma’s photos could then focus on 

presenting her other photos or any new photo she takes in the future. Of course, this 

design approach would have to be handled carefully through properly safeguarding the 

ability of users to opt in and out of such intimate and sensitive temporally recurrent photo 

rituals. 

Collectively, these opportunities come together to highlight a critical need for 

future research to explore how technologies could mobilize and express more diverse 

forms of time to support people’s understanding of their precious previous moments. 

Through studying empty moments, more design opportunities could be discovered to 

support people’s exploration of personal life patterns as well as the creation of their 

anticipative future moments through and across time. 
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6.7. Conclusion, limitations, and future work 

Through designing PhotoClock and studying it in the field, we explored clock time 

as an element of temporal ongoingness raised by slow technology and investigated how 

this framing could offer a generative lens to support memory-oriented interactions with 

personal digital photo archives. It is important to recognize our study is not without 

limitations. In terms of limitation, we focused on a smaller set of participants that 

currently live within North American contexts and utilize iOS devices, with the majority of 

them being women and Asian. Clearly there is a need for future research to expand to 

other populations on social, cultural, and technical dimensions. Our findings do provide 

new insights into how mobilizing interconnected temporal modalities can offer unique 

ways of interacting with digital photo archives that overcome the limitation commonly 

found in contemporary photo viewing applications, which inhibit users’ recollection of 

experiences. They also detail how present moments, digital photos, and interaction can 

come together in a design artifact to evoke a quality of co-evolving change over time. 

Our research contributes another step toward understanding how the concept of slow 

technology can be extended and advanced in design practice and field research. This 

work also contributes to calls in the HCI community for longer-term programs of design 

research. Ultimately, we hope this research supports future work inquiring into the role, 

place, and pace of digital data in everyday life, over time and into the future. 
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Chapter 7.  
 
Extending a Theory of Slow Technology for Design 
through Artifact Analysis 

7.1. Overview 

Findings from the previous chapter show that PhotoClock’s minimal controls 

created a flow-based photo viewing experience that supports participants to rediscover 

their trajectory of life journeys in a way where memories could be ephemeral. Our 

findings suggest that through the accumulation of such reflective moments, PhotoClock 

was validated as a viable dynamic approach to mediate interactions with digital photos, 

named as ‘flows’. Through our study, it became clear that this continuous form of 

experience highly depends on the connection between the ongoing ‘now’ and all of the 

memories tied around the same time of day in the past. Interestingly, this kind of 

temporally dynamic flow-based process of remembering the past invited a range of 

photo viewing experiences that included curiosity, anticipation, nostalgia, and reflection. 

According to participants, the PhotoClock interaction design resembles the way they 

usually recalled memories—through unintentional, incidental, or serendipitous moments 

as opposed to proactive search. PhotoClock primed participants with a reflective mindset 

where they not only made sense of their photos as a collective whole of their life history 

but also perceived photo viewing in a take-it-or-leave-it approach, where memories could 

be ephemeral. They come and go naturally, following the flow of time.  

In parallel to the PhotoClock project, my supervisor, an additional academic 

collaborator, and I collectively saw an opportunity to conduct an artifact analysis of a 

collection of slow technology design examples in order to extend a theory of slow 

technology. Artifact analysis is a method that performs analysis on a small set of design 

artifacts as a way to assess the stability of existing design theories. Artifact analysis can 

also support a discussion or an update of design qualities and reveal opportunities for 

developing new theoretical concepts. With an aim to assess the theory of slow 

technology, we included Chronoscope and other design cases in our artifact analysis. 

The research question that guided our analysis is: 
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RQ5: What opportunities exist to extend a theory of slow technology for 
interaction design through more diverse and expressive design qualities in 
relation to time?  

My primary aim here is to investigate the intersection of slow technology, temporality, 

and digital photos. My secondary goal is to contribute more broadly to the development 

and extension of the original slow technology vision and enable the theory to be more 

robust and practically accessible to design practitioners and researchers. We reported 

the results of our artifact analysis to illustrate how slow technologies could be designed 

to invite reflection in a recently published journal article:  

The theory of slow technology was originally outlined by Hallnäs & Redström in 

2001 where its vision was articulated through three core concepts: reflective technology, 

time technology, and amplified environments [85]. In our journal article, we developed 

and refined eight design qualities through detailed artifact analysis of seven design 

artifacts that exemplify key aspects of the extended theory. Two of these design 

artifacts, Chronoscope and Crescendo Message, resulted directly from projects I have 

led.  

As an extension to the journal article, I conducted an additional artifact analysis 

on PhotoClock in Section 7.7.8 and detail new theoretical insights that it reveals in light 

of our prior research in the Section 7.6.9 (Synchronicity) and the end of Section 7.8 

(Revisiting the theory). These sections further contribute to our prior research of 

extending the slow technology theory. Next, I unpack the details of our theoretical 

reflection on slow technology and the artifact analysis that extends our understanding of 

this impactful design strategy in the HCI design field. 
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7.2. Introduction 

People’s daily experiences and the environments they inhabit have become 

saturated with digital devices and systems. With this shift, new concerns have emerged 

across the HCI community over the role, place, and pace of new technologies, and how 

they mediate people’s experiences in their everyday lives. Hallnäs and Redström’s 

foundational article on slow technology argues that the increasing availability of 

technology outside of the workplace requires designers to expand their focus beyond 

creating tools to make people’s lives more efficient to “creating technology that 

surrounds us and therefore is part of our lives over long periods of time” [85:201]. They 

call for new design initiatives that amplify and stretch time presence in everyday life, and 

reveal an expression of present time that is slower. Hallnäs and Redström outline a 

design research agenda aimed at challenging values of optimized performance and 

creating technologies that support moments of self-reflection as well as critical reflection 

on technology itself, known as “slow technology.” 

The slow technology design philosophy offers a critical and generative vision to 

frame investigations into how longer-term human-technology relations could be 

supported with computational objects. Lately, the HCI community has seen a resurgence 

of interest in this area. Tensions have also surfaced. The proposal of slow technology is 

visionary, yet also abstract. Several international workshops have revealed that 

designers and researchers have struggled to put conceptual ideas of slowness into 

practice [127,156,159]. Tensions have emerged from a lack of guidance in designing 

technologies that present slower temporal expressions and are capable of sustaining 

longer-term experiences. Researchers have also critiqued the ‘fast/slow’ dichotomy that 

appears in the foundational slow technology article and challenged the dominant focus 

on treating ‘slowness’ as solely a matter of speed [126,179,181]. 

A primary goal of our article is to contribute to these emerging calls by extending 

a theory of slow technology for design through conceptual development by using an 

artifact analysis approach. The design-orientation of our work has made it possible to 

contribute a set of conceptual qualities that designers can work with. In this way, the 

primary goal of our work is to extend the design theory of the original slow technology 

vision. Along with numerous colleagues, over the past eight years we have adopted a 

reflexive designer-researcher approach in creating and studying slow technology design 
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artifacts. For our artifact analysis, we selected one artifact proposed in the original slow 

technology article –Slow Doorbell – and six slow technology design artifacts from our 

prior research – Photobox, Olly, Slow Game, CrescendoMessage, Olo Radio, and 

Chronoscope.  

Adopting a designer-researcher position gives prominence to first-hand insights 

emerging through the creation of things that materially ground conceptual ideas through 

their existence. Designer-researchers often function as a small, often multi-disciplinary 

team that is critically focused on the experimental and novel outcomes of the design 

process that are arrived at through practice. Thus, this approach can contribute a first-

hand and reflexive view of practices of making design artifacts in relation to higher-level 

theoretical concepts. 

In what follows, we review works related to slow technology and temporality in 

HCI. We then detail our artifact analysis approach in relation to slow technology. For 

readability and to preface our artifact analysis, we briefly outline the conceptual terms 

that emerged through it. Then, we describe and analyse each design artifact in our 

collection. We conclude with a discussion that reflects on the extended concepts and 

terms that emerged through our artifact analysis and further detail how they might be 

mobilized in future research. 

7.3. Related work 

Temporality—the state of existing within time—shapes virtually all aspects of how 

we experience and construct the world around us. Time is fundamental to our existence. 

It is omnipresent. Thus, ‘time’ is a highly familiar phenomenon, yet challenging to pin 

down to a single definition. Scholarly inquiry into time itself comes with a complex 

dilemma: “time is both one of the broadest and richest topics, but also one of the most 

elusive” [133:6]. It is no surprise that there exists extensive literature exploring the 

concept of time from many perspectives across disciplines and fields including the 

humanities, social sciences, and physical sciences (c.f., [1,18,150,178,191,247]). In light 

of our specific focus on slow technology and design theory, an exhaustive review of 

differing theories of time is beyond the scope of inquiry for this article. It is nonetheless 

important to acknowledge a key sample of contemporary works that offer insights into 

some ways that time has been conceptualized and debated. In this, we touch on clock-
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time and digital-time as two key conceptualizations of time (among many) to modestly 

situate our review of HCI and design research to broader ongoing discourse. 

People’s everyday lives are often surrounded and influenced by artifacts of clock-

time – clocks, calendars, watches, and so on. These mundane temporal artifacts have 

long helped people to structure and coordinate their interactions and activities. However, 

scholars have argued that to ‘know’ the exact time, as measured and dictated by clock-

time, is not inherently organic nor natural [117]. People’s subjective felt experiences of 

time and the way in which they are objectified and segmented through clock-time, can 

differ substantially; and, this tension has received attention by researchers across 

numerous fields (c.f., [149,181,247]). Critiques of this tension have foregrounded the 

need to conceptualize time in more diverse ways outside of the ‘hegemony of the clock.’6 

Through historical analysis, Glennie and Thrift [79] offer a salient critique of clock-time 

that situate it not as mechanistic and deterministic, but rather as a set of practices that 

evolve and change depending on the people, communities, and places within which it is 

situated. This shift toward viewing time as socially constructed and enacted is also 

explored through Birth’s [18] connection of social practices with environmental and 

biological rhythms to account for the diverse nature of subjective lived experiences of 

time.  

There also exist many works that have explored relations among digital media, 

technology and time. Douglas Rushkoff’s [193] well known concept of “present shock” 

explores how the need for constant connectivity ushered in by digital technologies has 

amplified the reification of time by the clock and, in so doing, further diminished the 

availability of ‘organic time.’ This line of scholarly work is extended to further differentiate 

digital-time from clock-time through the always available and evolving information flow 

embodied in digital networked technology. People’s exposure to rapidly expanding 

information that comes with digital connectivity can lead to lack of adherence to and 

abstraction from chronological clock-time. Through constant digital availability the 

present has ‘caught up’ with the future and this produces significant implications for how 

people perceive and identify time. Consequences from such digital availability can 

 
6 Deeper philosophical discussions on felt experiential or phenomenological time can be found in 
the works of Heidegger, Bergson, Husserl, and Ricoeur. See Martineau [134] for an in depth 
review of these philosophical lines of thought and their relation to earlier influential philosophical 
positions on time from Aristotle and Augustine.  
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generate an abstraction of digital information flows existing “outside of time, a sort of 

Dorian Grey existence, suspended in a continuous present” [88:2]. The consequences of 

digitally-mediated immediacy and availability, resulting temporal inequities, and their 

respective entanglements in the cultural politics of power relations continue to be major 

areas of scholarly inquiry and debate (c.f. [11,37,137,208,220,233,238]).  

The development and formalization of theories of time is extensive; they go far 

back to beyond the time of Aristotle and contemporary theories are continuing to emerge 

in our lived present.  From a high level, it is clear that time is situated, relational, and 

entangled; it cannot be treated reductively, and a diversity of perspectives are needed to 

conceptualize it. The connection among time and technology will continue to be the 

subject of ongoing discourse across many disciplines.  

Naturally, time also touches on many core aspects of HCI research and practice. 

Interaction and graphical user interfaces are fundamentally temporal. Time is the 

medium through which an interactive dialogue between a human and computer begins, 

unfolds, and resolves. Early proposals such as Calm Technology [243] and the 

ambientROOM [106] ushered in interest in the HCI community around designing 

ambient displays—devices and applications that began to explore time in relation to 

peripheral information visualizations [132]. 

As focus in HCI expanded outside of the workplace, the need to more seriously 

consider the temporal dimensions of technologies in everyday life steadily emerged. This 

is summed up well by Mazé and Redström’s assertion that creating objects embedded 

with “computational material” requires designers to “investigate what it means to design 

a relationship with a computational thing that will last and develop over time – in effect, 

an object whose form is fundamentally constituted by its temporal manifestation” 

[136:11]. This argument echoes Hallnäs and Redström’s (2001) earlier call for design 

initiatives to amplify and stretch time presence in everyday life, and reveal an expression 

of present time that is slower and, in this way, more subjective and socially situated. 

These issues remain important for the HCI community, and there has been a resurgence 

of interest in connections among slowness, time, and technology. A key strand of 

research has focused on how slowness can be an outcome resulting from technology 

use. Works in this area have focused on supporting experiences of mental rest 

[32,121,207], pause [237], and solitude [68].  
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Another area of work has investigated slowness as a frame for the design of 

interactive systems themselves. Drawing on Strauss & Fuad-Luke’s principles of Slow 

Design [213], Grosse-Hering and colleagues [80] designed a series of juicers that aimed 

to support meaningful interactions by slowing down key parts of the juicing process. A 

study of the slow juicers found that participants preferred slow, mindful juicing activities 

sometimes—slow interaction was not perceived as appropriate during busy weekdays, 

but it was suitable on the weekend when causal time was more available. Slowness has 

been applied as a frame to explore strategies for extending object lifespans. For 

example, The Long Living Chair captures and displays the number of times people have 

sat in it over its lifetime. The Long Living Chair design raises questions around the role 

that a subtle yet explicit accumulation of one’s history of use with a thing might invite 

care and maintenance over time [180].  

Slowness has also been applied in a range of design efforts to support 

experiences of social connection over long time periods. For example, the Reflexive 

Printer [223] is a wooden thermal printer that randomly prints out black and white 

halftone pictures from the user’s mobile photo album, and deletes the digital copy if the 

user does not scan the barcode of the picture. The researchers propose "perceived 

drawback" as a design quality to reframe technology-mediated reminiscence and build 

anticipation as an inter-subjective dialogue between people and technology develops 

over time. Slowness has also been adopted in the design of social messaging 

technologies to build anticipation in the communication experience. FutureMe [69] is an 

online messaging service that enables its users to send delayed messages by up to 60 

years to their future selves or others via email. A study of FutureMe revealed that long-

term time-delay between when a user wrote a message and when it was delivered 

prompted careful contemplation and intentionality in writing the message and led to 

range of emotional valencenes when messages were received—from the profound to 

the unsettling [154]. Similar to FutureMe, Postulator is a personal web-based application 

that sends photos or video clips to the users themselves or others via email after a time-

delayed period [87]. Postulator explored how a slow, time-delayed pacing can stimulate 

reflective experiences such as the "perceived butterfly effect" where users intentionally 

tied together different periods from their past and contemplated how they might affect 

future social interactions with others. FamilyStories is a collection of tangible devices 

that explore how time-delayed asynchronous audio messages can support storytelling 
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among family members living in different time zones share [94]. A study of the 

FamilyStories system revealed that mapping time-delayed messages to different time 

zones that family members lived in often led to intimate and valuable interactions. Taken 

together, these works offer insights into potential benefits and challenges of the long-

term use of a socially situated experiences of slowness and anticipation.  

More broadly, HCI researchers have started to turn their attention to examining 

different perspectives of time. Lindley [126], Pschetz and Bastian [181], and Sengers 

[206] envision time as socially entangled and relational, highlighting the need for 

alternative expressions of temporality in design. Giaccardi [77] proposes extended 

temporality as combined cycles of pause and duration that, over time, lead to the 

accumulative development of shared social heritage. Taylor and colleagues [217] offer a 

rare account of a cross-cultural design project that emphasizes time from an Australian 

Aboriginal community’s perspective. This work proposes an approach that moves away 

from treating time not as a discrete point on a digital clock or calendar, but rather as a 

socially shaped “set of converging circumstances that constitute ‘the time’ for 

happenings to take place” [217:6461]. Across several works, Friedman and colleagues 

sought to expand initiatives in HCI to consider multiple lifespans [63,64]. They highlight 

the need for new design methods to better engage with the challenge of designing in 

timeframes that may expand beyond the lifetime of the design team itself. In parallel, 

researchers have proposed different themes, such as biological time [116], narrative 

time [13], sequential time [130], time as social coordination [182] and ephemerality [47] 

as resources for design. While broad, these works collectively reveal a multiplicity of 

ways in which time can be viewed in relation to design that move beyond treating it as a 

matter of merely pace or direction.  

The recent emergence of works in HCI related to temporality and slowness is 

valuable and encouraging. Yet, researchers and designers have also expressed 

struggles in creating technologies that sustain slower, longer-term experiences. Early 

works advocating for designing for slowness are somewhat abstract and there is a need 

to further address how to design for slowness on conceptual and practical levels 

[103,127,156,159]. The infrequent yet ongoing computational action of slow technologies 

can make it difficult to establish a sensibility for when the temporal pacing is ‘right’ [160]. 

Others have reported difficulties in aesthetically manifesting subtly changing 

computational actions in a resolved physical form [14,59] and in anticipating how 
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qualities of slow technologies might change over time in, and beyond, the design 

process [187].  These tensions highlight the complexity of designing technologies that 

deviate from enacting normative conceptions of time. This resonates with the work of 

Vallgårda and colleagues, who argue for designing the temporal form of computational 

objects, in addition to their physical form and interaction gestalt. They describe the need 

for design research to develop concrete examples of temporal form through 

“comprehensive and intricate designs in which the material and physical forms expand 

beyond two-dimensional glass and plastic surfaces, and the interaction gestalt 

comprises more than look and point action” [232:14]. 

Collectively, these circumscribed areas of work trace a trajectory of perspectives 

on time, temporality, and slowness in HCI and illustrate their continued evolution. They 

also highlight a relative shortage of research into slowness and temporality grounded in 

design practice. We see this issue as reflective of a growing concern in the HCI 

community on the lack of research that centres on the creation and analysis of design 

artifacts as a form of inquiry in and of itself. Our work aims to contribute to this area. We 

describe and reflect on theoretical insights that emerged through our artifact analysis of 

slow technology design artifacts. Next, we describe our artifact analysis approach. 

7.4. The artifact analysis approach 

Each of the design artifacts in our collection for analysis was designed with an 

aim to apply a framing of slowness as a critical lens to explore how longer-term relations 

could be better supported among humans and technologies. By primarily selecting 

artifacts from our prior research, we are able to report on first-hand insights in and 

across our collection. We situate the artifact analysis approach in the context of 

Research through Design (c.f., [72,248]) practice that contributes new knowledge in 

ways inherent to design methods, materials, tools, competencies that are essential in the 

making of design artifacts. This approach foregrounds the significance of the reflexive 

practice of design as being integral and essential to the potentiality of design to create 

research knowledge. This further extends a view of research from the perspective of 

design practice that provides the opportunity to describe and reflect on accounts of the 

messy interplay among theoretical ideas, design artifacts, and the first-person 

experiences of them. Thus, adopting an artifact analysis approach gives prominence to 

first-hand insights emerging through the creation of real things that materially ground 
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conceptual ideas through their actual existence—“a process of moving from the 

particular, general and universal to the ultimate particular – the specific design” [147:33].  

In our case, this approach can contribute a reflexive view of design artifacts in 

relation to higher-level theoretical ideas that frame the creation of design propositions 

which, in turn, connect to specific, domain-level research questions. The goal of this 

process is ultimately to produce new concepts that can support new practices within an 

expanded design-oriented theoretical frame. We see this approach as being most 

closely aligned with HCI research that inquire into a type of design knowledge that lies 

between design theory and concrete design exemplars. Stolterman and Wiberg [212] 

see concept-driven interaction design research as research that addresses gaps in 

design theory between practical guidelines and established theories imported from other 

disciplines. Gaver and Bowers  [19,71] and Löwgren [129] frame annotated portfolios as 

offering design knowledge that is situated within an intermediate-level knowledge in 

design research. We see our application of the artifact analysis approach to a case of 

slow technology as situated within intermediate-level knowledge [96]. We aim to extend 

a design theory of slow technology through an ongoing, piecemeal approach that leads 

to cumulative knowledge that, taken together, can further develop this program of design 

research [186]. 

We chose an artifact analysis approach as a way to establish a deeper 

understanding of slow technology and how it is represented in design artifacts and their 

intrinsic qualities.7 Artifact analysis is an approach that supports a structured close 

examination of artifact examples to help facilitate conceptual development. It is a 

research tool that is primarily useful to develop, experiment with, and refine definitions of 

usable terms and concepts that can serve as a design-oriented theoretical foundation for 

determining and defining classes of artifacts and their intrinsic qualities. 

The way we understand artifact analysis comes with some challenges. For 

instance, the notion of intrinsic qualities is problematic. Our way of dealing with this 

problem is to approach our analysis and the properties of the artifacts in the same way 

as a designer thinks about the artifact [see 108]. To a designer, the artifact is a thing that 

will be shaped and given certain properties and qualities. The properties and qualities 

 
7 Following Lewis [122], our use of the term “intrinsic” is in the philosophical sense – a quality that 
a thing has in-and-of-itself, independent of other things.  
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that the designer can control can be seen as intrinsic to the designed artifact. That is, 

when we analyze an artifact and its potential ‘slowness’ in relation to the theorization of 

slow technology, we only investigate qualities that can be shaped by the designer, and 

not qualities that are solely based on an end user's experience of or reaction to a design 

artifact. 

Through its application, artifact analysis can iteratively lead to stable and well-

formed definitions of artifact qualities that can inform the design of new artifacts. The 

outcome of an artifact analysis is critical and theoretical but it also has a practical 

purpose. It is critical in the sense that it intentionally challenges intuitive or everyday 

understandings of artifacts and their qualities, and makes it possible to ask new 

questions. It is theoretical in the sense that it leads to conceptual constructs that make it 

possible to more precisely define artifact qualities, their relationships and trade-offs. Our 

treatment of the term ‘theory’ is aligned with Gaver [72] and Redström’s [186] related 

arguments that design theory should not be seen as conclusive and fixed, but rather as 

unfolding and transitional. We do not aim to create a comprehensive theory of design but 

rather view theory as “an annotation of realised design examples, and particularly 

portfolios of related pieces” [72:937]. By drawing on basic terms and definitions of slow 

technology as formulated in Hallnäs and Redström’s [85] original visionary work, we aim 

to work toward more complex concepts through first-hand insights of design practice. 

Artifact analysis offers a structured approach to supporting this process. For the purpose 

of our research, our artifact analysis approach took the following form: 

1. We started with a tentative definition of the notion ‘slow technology’ 
(primarily based on earlier research and literature, as presented in the 
‘existing definition’ section detailed next) 

2. We selected our set of artifacts to be part of the analysis (detailed in 
the following sections). 

3. We carefully examined potentially ‘slow’ properties of each artifact in 
relation to the tentative definition.  

4. We updated our definition based on the insights from each artifact 
analysis. 

5. We repeated steps 3-4 until new insights from each analysis slowed 
down. 

6. We critically revisited the initial theory (see revisiting the theory 
section) and extended it with our findings. 
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This approach occurred over the course of one year with the authors performing 

the analysis (as detailed in the steps above) and holding monthly meetings to discuss 

the relative stability and precision of the emergent conceptual terms. The approach looks 

simple and straightforward. However, it requires effort and a sincere ambition to be 

open-minded when it comes to recognizing and identifying new aspects of the theory 

that an artifact may bring. Careful investigation into the details of an artifact is necessary, 

and our process was shaped by iteratively oscillating back and forth between the 

conceptual and the actual, between definitions and manifestations. This required a 

detailed understanding of the theoretical concepts as well as of the material and 

functional aspects of the design artifacts in our collection. The artifacts each have a 

specificity to their performative and material arrangements and the qualities that are 

intrinsic to them. This is why we have primarily chosen artifacts that have been involved 

in our prior research. We already had an intimate and embodied situated knowledge 

about their designs and rationale. They are not the ‘only’ design artifacts that could be 

analysed and there are clear areas for future research to explore other design artifacts in 

relation to the design philosophy and theory of slow technology. 

As a preface to what is to come, the design artifacts selected for our analysis are 

the following. Slow Doorbell is a doorbell that plays a short musical phrase of a much 

longer musical score each time it is pressed [85]. Photobox is a wooden chest that is 

connected to its owner’s online Flickr photo collection that occasionally selects and 

prints a photo from the photo archive [160,164]. CrescendoMessage is a messaging 

application that lets the user send a photo to another person; however, the photo is 

initially visually obscured and, over time, it becomes clearer until it is fully revealed 

[29,222]. Olly is a music player that occasionally selects and offers the possibility to play 

a song that its owner had previously listened to at a specific point in time in the past 

[166,167]. Slow Game is a simple game embodied in the form of a small cube where the 

player can ‘set’ the next move but it will only be made every 18 hours [157,166]. Olo 

Radio is a music player that enables its owner to re-listen to music they have played 

previously through three different ways of temporally organizing the archive [158,169]. 

Chronoscope is a tangible, hand-held digital photo viewer synced with its owner’s digital 

photo collection that allows them to explore and tune into possible known and unknown 

connections across their photos through different timeframe modes [31].  
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In our view, the artifact analysis approach was appropriate for our ambition to 

extend a theory of slow technology for design. Next, we offer a more detailed account of 

key propositions and qualities that formulate the initial vision of slow technology which is 

taken primarily from the foundational article where the theory was first presented. This is 

important because it primes the reader with the theoretical backdrop that is at the core of 

our analysis and which we aim to build on and extend through our work.  

7.5. Slow technology: existing definition 

In this section we distil how slow technology is understood and defined. We then 

return to this definition when revisiting how our proposed design qualities help to extend 

the original conceptual vision of slow technology as described below.  

Core to Halläs and Redström’s [85] argument is that, beyond designing ‘calm’ or 

ubiquitous technology that merely makes it easier to integrate technology into our 

everyday lives, design practice needs to change to actively promote moments of 

reflection and mental rest in the environments people inhabit. Slow technology aims to 

conceptualize technology in a way that invites people to critically consider and reflect on 

it in the context of their everyday lives. Against this backdrop, they raise the question: 

“what are the characteristics of information and computing technology that initiate 

changes toward a more reflective environment?” [85:202] and propose that the answer, 

in part, may involve adopting slowness as a core conceptual commitment in the design 

of technology. The conceptual idea of ‘slowness’ is situated in contrast to ‘fast’ 

technologies that are designed with efficiency and usability in mind. In Hallnäs & 

Redström’s view, when people are able to complete tasks more quickly and efficiently, it 

takes time away “both in terms of making the user more efficient when working (the task 

taking less time) and making the artefact as fast and easy to use as possible” [85:203].   

In contrast, slow technologies may require time to understand how they work and 

why they are designed in such a way. For example, consider the conceptual propositions 

outlined by Hallnäs & Redström: “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” [85:203]. Such slow 

expressions manifested by a slow technology may invite reflective experiences. When 

an invitation to directly experience or interact with a slow technology is accepted the 
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“time presence” of the artifact may become amplified as experiences of reflection unfold 

and one develops interpretations of the phenomena that they are encountering. In this 

way, slow technology has an accumulative quality – its character is not necessarily 

defined by a single interaction, but rather through the ongoing collation of experiences 

with it. Building on this foundation, Hallnäs and Redstöm [85] articulate three interrelated 

conceptual themes that support the core vision of slow technology and what it aims to 

achieve, which we summarize below. 

Reflective Technology: designing technology that both invites reflection and, at the 
same time, is reflective in its expression. This means that a slow technology needs to 

support reflective and interpretive experiences while also asking questions about its 

existences as a technology. “Here, the call for slow technology is to use slow design 

expression as an instrument to make room for and invite reflection; to use a slow 

presence of elementary technology as a tool for making reflection inherent in design 

expression” [85:204].  The aim is to leverage the slow, evolving qualities of a technology 

as a strategy to open a space for reflection, both experientially and critically.  

Time Technology: designing technology that “amplifies the presence of time” [85:204] 
and “stretches time and slows things down” [85:205]. This means creating technology 

that frees up time for particular kinds of things and experiences (e.g., reflecting on the 

past, critical interpretation, curiosity, prospective thought, and so on). Here, “the call for 

slow technology is to design technology that in true use reveals a slow expression of 

present time” [85:205]. The aim is to create technology that elongates time and, in doing 

so, makes space for pause and reflection as a key quality in design. 

Amplified Environments: designing technology that amplifies the presence of things to 
make them into something more than merely a silent tool for fast access to something 

else. “The call for slow technology is to use slow design expression to amplify given 

environments in time” [85:205]. This speaks to the need to balance presence and use 

when crafting a design artifact and to carefully attend to the subtle integration of its 

expression within an everyday environment.   

Hallnäs & Redström’s original proposal of slow technology is a kind of “leitmotif” 

for interaction design. The three propositions above help conceptualize a vision of the 

design style, form, and expression of slow technologies. Slow technology offers an 
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important theoretical frame for questioning and expanding the role of technology in 

people’s everyday lives. It offers a pathway toward transforming design practice beyond 

a sole focus on designing efficient, optimized, and easy-to-use tools toward creating 

technology that invites reflection as well as open-ended and ongoing engagements 

across long time periods. It critically positions people living with slow technology, and the 

technologies themselves, as co-shaping each other while more is learned and revealed 

through the accumulation of experiences over time. 

While the initial vision of slow technology is inspirational and generative, it is 

worth revisiting and exploring how it might be extended with additional terms and 

definitions in light of more recent design artifacts that have been created since the 

original article. Challenges are also emerging among the design research community in 

creating slow technologies. Numerous international workshops have revealed that 

designers and researchers have struggled to put ideas of slowness into design practice 

[127,156]. Researchers have also critiqued the fast/slow dichotomy articulated in the 

original slow technology article, arguing it may be limiting and more diverse perspectives 

on temporality are needed (e.g., [159,181,182]).  

Next, we briefly detail terms that help capture key qualities that emerged through 

our artifact analysis in order to prime the reader for the analysis that follows in the 

subsequent sections.  

7.6. Key qualities emerging from our analysis 

A set of key qualities of slow technology have emerged through our artifact 

analysis. Importantly, these qualities did not surface a priori. Before we move into our 

analysis, we want to briefly present these qualities since we believe that makes the 

reading of the analysis easier to follow. There are key connections and, in some cases, 

dependency across these qualities. They are not mutually exclusive, and it is not 

required that a design artifact exhibit all of them in order to be considered a slow 

technology. They are also not conclusive – more qualities may exist or emerge through 

the creation of new design artifacts. These qualities are closely aligned with Gaver’s [72] 

articulation of Research through Design as a research activity that produces knowledge 

that is provisional, contingent, and aspirational. The qualities preserve and respect the 

ultimate particularity of each design artifact, while articulating theoretical concepts that 
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can connect and differentiate them. We believe they can help extend the existing 

understanding of slow technology because they offer terms that can further support the 

conceptualizing, designing and making of slow technologies. Before we move on we will 

define these key qualities. We are aware that these definitions may be difficult to 

comprehend without examples, but it is useful to have them presented before we move 

into our artifact analysis.  The nine key qualities we have identified are listed in the 

following subsections.  

7.6.1. Implicit Slowness 

Implicit Slowness: a quality of a slow technology where end-user control has 
been intentionally designed into the artifact to enable direct modulation of its pace – one 

can ‘speed it up’ if so desired. Yet, by virtue of the design artifact’s affordances, form 

and composition, it is unlikely this would happen and, thus, it retains a ‘slow’ character. 

In simple terms, this means the slow pacing of the design artifact is not enforced and 

can be freely controlled, but other qualities of the design artifact make speeding up the 

pacing less desirable, appealing, or intuitive. 

7.6.2. Explicit Slowness 

Explicit Slowness: a quality of slow technology where the designer has highly 
restricted end-user control over the design artifact. Its pacing and speed cannot be 

changed and, thus, the design artifact operates on its ‘own time.’ Explicit slowness 

manifests an unpredictable quality in the design artifact and can be used as a technique 

to design for cycles of anticipation and release. 

7.6.3. Ongoingness 

Ongoingness: the perpetual movement of time through an artifact that is subtle 
and gradual. The quality of ongoingness can have both explicit and implicit dimensions. 

Explicit ongoingness refers to the need for a period of time to pass for a design artifact to 

enact its computational behaviour in a cycle that is continuous and never ending. Explicit 

ongoingness is an important part of offering an invitation for engagement or interaction. 

There is less pressure or demand to accept the invitation because one can trust that 

eventually another invitation will emerge again in the future, although the specific point in 
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time that this will happen may be unpredictable and unknown. Implicit ongoingness 

captures the ‘aging’ and cumulative change of a design artifact over time. It refers to the 

ongoing, perpetual behaviour of an artifact that may not be immediately perceivable, but 

which plays an important role in shaping evolving relations to and perceptions of the 

artifact.  

7.6.4. Temporal Drift 

Temporal Drift: this quality refers to the temporal pacing of a design artifact’s 
behaviour that makes it drift in and out of alignment with the cyclical rhythms and 

routines of a person’s everyday life. Manifesting a temporal pacing that is different from 

an objectively recognizable form of time (e.g., the 24-hour cycle that makes up clock-

time) creates an ongoing convergence and divergence of the actions of a slow 

technology and the actions of those that also inhabit the same shared environment. To 

achieve temporal drift, the artifact must have the ongoingness design quality. Temporal 

drift is also related to explicit slowness as a quality that can be used to design an artifact 

that intentionally manifests and operates on its ‘own time.’  

7.6.5. Pre-Interaction 

Pre-interaction: a quality that explicitly emphasizes designing for the time and 
space prior to the moment that a design artifact is directly interacted with. This pre-

interaction temporal space ‘primes’ the experience that one might have with the artifact, 

where the actual direct interaction may be quite minimal. Pre-interaction experiences 

can also be experienced entirely on their own and do not require direct interaction with 

the artifact for them to occur. 

7.6.6. Temporal Modality 

Temporal Modality: the application of different forms of time, linear and non-
linear, as a central and defining quality of an artifact’s interaction design. 
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7.6.7. Temporal Interconnectedness 

Temporal Interconnectedness: the integration of two or more temporal 
modalities in a design artifact creates the possibility for temporal interconnectedness to 

emerge. This quality refers to the capacity to create a set of connections across different 

temporal dimensions simultaneously among different elements of digital media or data 

by virtue of the artifact’s design. 

7.6.8. Temporal Granularity 

Temporal Granularity: a quality that enables the end user to ‘tune’ the amount 
of time that they move through when interacting with a slow technology that represents a 

digital media or data archive. Temporal granularity can be applied to address a friction 

(or frictions) that can emerge where temporal qualities of a design artifact create a dense 

time-related barrier that makes it difficult, if not impossible, to engage with a key aspect 

of the design itself over time. Tuning the temporal granularity of a slow technology opens 

up more freedom and flexibility for the user to move through large historical archives of 

digital content across time as slow or fast as desired and, in this way, opens up a 

different way that interaction pacing can be designed into slow technology. 

7.6.9. Synchronicity – another key quality 

An additional artifact analysis of PhotoClock supported me to observe an 

additional design quality named synchronicity, which expanded my understanding of 

how a slow technology could be designed. Here, I give a definition of it: 

Synchronicity: a quality that highlights the concurrency of different perpetual 
movements of time by making the present flow of interaction synchronous with one or 

multiple designated periods in the past. Manifesting an interaction pacing that is similar 

to or the same as an existing temporal flow, such as clock time, creates a more dynamic 

sense of how temporality could be embodied, interconnected, interpreted, and reflected 

upon. To achieve synchronicity, the design artifact is required to have the qualities of 

ongoingness and temporal interconnectedness. 

In our analysis below we will examine in more detail how these qualities can be 

understood. Some artifacts will relate to several qualities while others only to one or two. 
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These qualities are real, particular, and unfalsifiable; they aim to embrace design 

theory’s provisional nature and diversity through grounding a specific set of design 

examples, while still remaining open for further theoretical ambitions to emerge from 

strings of design exemplars in the future (c.f., [72,186]). Thus, the qualities we detail are 

not the ‘only’ design qualities that can extend the original theoretical concept of slow 

technology. The purpose of our analysis is to extend the current understanding of slow 

technology, and how to surface and define a set of design qualities that can better 

support the creation of new slow technology design artifacts. Our aim is less to give 

complete and comprehensive descriptions of each artifact. 

7.7. Artifact analysis 

In what follows, we describe each design artifact in our collection and attend to 

key insights that surfaced through our artifact analysis. For each artifact, we offer an 

overview of what it does and a detailed analysis of how it negotiates and attends to 

slowness. Throughout this section, we make reference to the concepts described above 

and further unpack them by connecting these terms to the actual qualities of the design 

artifacts in our collection. Yet, before proceeding it is important to acknowledge the 

inclusion of the Slow Doorbell in our analysis which is a concept is taken from the 

original slow technology article. It was one of the first examples of slow technology and 

can be seen as the starting point for the theory of slow technology. This concept is highly 

inspirational and clear as a slow technology design exemplar, and, in our view it is 

worthy to be included.   

The slow doorbell was never designed in practice in the sense that it was never 

made into a ‘real’ working prototype or product. Rather, it is a design proposal – 

something that does not yet materially exist and, in this case, was depicted through only 

verbal description. There is important value in design proposals precisely because they 

are somewhat open to interpretation and, as such, “allow for [their] consideration, 

discussion, and debate [where] the intended audience or users of design proposals are 

often [other] researchers and designers” [176:739]. We aim to consider and extend the 

Slow Doorbell design proposal within our analysis because its existence as a conceptual 

design proposal makes it more malleable to our own judgement and practice-based 

perspective on slow technology. The slow doorbell has also been highly influential in our 

design practice because, as we will unpack, it makes clear that slow technologies need 
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not solely ascribe to the fast/slow dichotomy, but rather can also be more openly 

manipulatable and continuous while still retaining the original visionary qualities of slow 

technology.  

7.7.1. Slow Doorbell 

In the original slow technology article, Hallnäs and Redström verbally present the 

“slow doorbell” as a conceptual design proposal [85:202]. When the doorbell is pressed, 

it plays part of the melody of a longer musical score for a short duration. Each time it is 

pressed, more of the musical score is revealed as it advances through the piece. 

Because it can be assumed the doorbell is pressed somewhat occasionally, then it 

would take time for a home dweller to understand the melody and the musical score as a 

whole through the gradual accumulation of experiences with it. As noted, the slow 

doorbell was never designed in a ‘real’ sense and exist as a design proposal; however, 

in our interpretation it offers a compelling early example of what the form, presence, and 

accumulative quality of a slow technology might be like. As an early example, slow 

doorbell illustrates how a slow technology can operate outside of the oppositional 

fast/slow juxtaposition and offer the home dweller direct control. That the slow doorbell 

exists as a conceptual design proposal has enabled us to think about it from our own 

interpretation and, in this way, flexibly extend it into our analysis. Thus, we decided to 

include it in our collection of design artifacts. It is an example of how slow technology 

was originally envisioned and, in this, offers the possibility to bridge our own work with 

an initial design exemplar that is open to interpretation and conceptual development.  

The slow doorbell is ‘slow’ in the sense that it augments the somewhat infrequent 

activity of having one’s doorbell pressed with a relatively brief snippet of a longer musical 

score. It takes time to understand what the musical score is. For example, we can 

imagine that if a five minute song played occasionally in 5 second increments when 

one’s doorbell is pressed, then it would take a notable amount of time for the song to 

play in its entirety. It is also slow in the sense that it may take a substantial amount of 

time for a home dweller to understand or become familiar with the song. This could 

require a five minute song to be played through the doorbell in its entirety several times 

before a home dweller is able to recognize what the song is and where ‘in time’ the song 

is whenever the doorbell is pressed. Finally, the slow doorbell is emblematic of the 

original slow technology vision because it augments a common activity in a way that is 
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“time productive” -- it does not make the notification of a visitor to one’s home more 

efficient (or less efficient). Rather, slow doorbell augments this mundane activity to 

explore how it could be realized in a way that takes time, interpretation, and reflection to 

understand. 

In our view, the Slow Doorbell can be seen as exemplifying the quality of implicit 

slowness because it is directly interactive yet assumed to be used only occasionally. 

This quality is in contrast to explicit slowness where technologies actively enforce a slow 

pacing and do not give the user control over changing it. One could imagine going to the 

doorbell and pressing it many times rapidly. As a result, in a relatively short time, one 

would know the song’s entire melody, thematic movements, and score. It is implicitly 

slow because its pacing could be easily modulated through user interaction and control. 

Initially, the musical score will be unfamiliar and unpredictable. The frequency of when 

musical fragments of the score will be played is also unpredictable as it relies on the 

recurrent, yet somewhat unpredictable return of visitors to one’s home. Thus, it changes 

over time as experiences with it accumulate and the musical score becomes more 

familiar to home dwellers (and perhaps to frequent visitors as well).  
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7.7.2. Photobox 

 
Figure 31: The Photobox occasionally prints randomly selected photos from 

the user’s Flickr collection. It can be opened to see whether or not a 
photo from the past is there. 

Photobox is a networked device that is connected to its owner’s online Flickr 

photo archive that is embodied in the form of an antique chest [160,164]. Each month it 

selects and prints 4 or 5 randomly selected photos from its owner’s personal photo 

archive and prints each selected photo at a specific randomly selected time for that 

month. This process continues indefinitely. The user has no choice of what photos will 

be selected, when they will be printed, or how many will be printed each month (although 

it is always either 4 or 5 per month).  The ‘interaction’ with the Photobox is simply to 

open it up and look inside to see whether or not a photo (or multiple photos) from your 

past are there waiting for you. In this way, Photobox does not demand nor require the 

user’s attention in order to operate.  

Photobox uses ‘slowness’ to engage with the abundance of digital photos that a 

person has accumulated and to make them scarce in printed form. It manifests an 
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explicit slowness because it has a pacing that cannot be modulated (i.e., it cannot be 

sped up or slowed down). Photobox combines a slow printing rate with multiple layers of 

randomness to make its behavior persistent, yet unpredictable. When these qualities are 

combined, they aim to manifest tension and trigger experiences of anticipation as the 

user will not know when a photo will print, where it will be from in their past, what will 

print next, and when it will come. Photobox continues its behavior indefinitely and, in this 

sense, manifests qualities of ongoingness. Photobox demonstrates explicit ongoingness 

in that the passage of time is required to trigger its behavior and, since it operates 

indefinitely (i.e., this monthly randomized cycle never ends), it manifests a form of subtle, 

yet perpetual change. Photobox offers an early example of implicit ongoingness because 

it is continually updated to reflect the most up-to-date index of the owner’s Flickr archive; 

and, thus, each time it is encountered, it represents the slowly expanding totality of the 

user’s digital photo archive. In other words, it captures the aging, cumulatively changing 

quality of one’s digital photo collection each time one considers Photobox and decides to 

open it (whether one’s photo collection is expanding or if it becomes diminished through 

personal deletion, data loss, or otherwise). On a technical level, it would be possible to 

open the Photobox and find a printed photo that the user had taken that same day or 

from many years ago. This quality of implicit ongoingness seen in Photobox helps 

capture how an artifact can manifest slow change over time that may not be immediately 

perceivable, while still viably evoking a feeling of continual evolution alongside the user 

through time.   

Additionally, the extremely reduced ‘interactivity’ with Photobox (i.e., simply 

opening up the chest to look inside and see if a photo of one’s past is waiting for you) 

was an initial attempt at creating a slow technology that foregrounds pre-interaction 

experiences. Pre-interaction is explored through intentionally requiring the user to open 

the chest and look inside while not providing any contextual clues as to whether a photo 

has been printed. In light of this design quality, prior to directly interacting with the 

Photobox, the user may anticipate or prospectively contemplate where in their life a 

photo might be coming from (if one has indeed been printed). This example helps start 

to show that the conceptual space prior to interaction with a slow technology can be a 

highly important area to attend to through design because it can open up rich 

possibilities to amplify time and prime critically reflective experiences with the artifact. 
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Pre-interaction is explored and conceptually developed further through other design 

artifacts that follow Photobox in our collection.  

7.7.3. Olly 

 
Figure 32: Olly is a music player that slowly surfaces songs that its user has 

listened to previously to be revisited and makes them available to be 
listened to again. 

Olly is a networked music player that is connected to its owner’s digital music 

listening history account data via the Last.FM service.8 Similar to Photobox, Olly uses 

randomness as a design quality paired with a slow pacing to catalyze experiences of 

anticipation, interpretation, and reflection [166,167]. Each week, Olly randomly selects 

approximately 9 songs that were previously listened to by the user. The user does not 

have any control over what song from their past is selected or when. Importantly, when 

Olly selects a song, it does not immediately play it. Rather, it goes into a ‘pending’ state 

 
8 Olly (and also our Olo Radio design artifact) works by linking to a user’s Last.FM account. 
Last.FM is a free web-based application that runs across a user’s personal computer, 
smartphone, and peripherals to generate precise records of each song they have listened to in 
terms of the time, date, artist, song, and album (e.g., if listened through Spotify, iTunes, etc.). In 
existence since 2002, Last.FM offers unprecedented access to its users’ listening histories. We 
also decided to use Last.FM data because it is a relatively open platform which makes it easier to 
work with listening history data (e.g., as opposed to Spotify or other listening services that do not 
allow end users to download or access their entire listening history data in a raw form). 
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where the internal disc of the device begins to rotate. The rate of rotational speed of the 

disc is based on how deep into the past that specific listening instance of the song was 

originally listened to. For example, if a listening instance was selected that is from deep 

in the user’s past (e.g., many years ago), Olly will exhibit a slow rate of rotation 

compared to a listening instance that had been played much more recently. Supplying 

different voltage levels to the motor enabled us to change the speed of rotation. 4.4V is 

the lowest functional amount of voltage, which is used to represent the oldest instance in 

a user’s database; it requires about ten minutes to complete 224 rotations. 12V is the 

highest (and represents the most recent instance of a song previously listened to); it 

takes about 4 minutes to complete the 224 rotations. Understanding the rotational speed 

relative to each specific music listening instance will likely require the user to take time to 

interpret and make sense of. Over time, these subtle differences may become more 

discernible and personally meaningful.  

Olly also causes all instances in a user’s database to slowly age over time 

because their ‘age’ is relative to today’s current date. For example, Olly’s absolute 

fastest rotation could only be triggered if it selected a song that the user had listened to 

in the past week. If new entries stopped appearing in a user’s listening history archive, 

all of the songs in the Olly database would still continue to slowly grow older through the 

inevitable passage of time and irrespective of the actions of the user. Beyond the speed 

of rotation, no other information is offered about the specific listening instance when it is 

surfaced and made available to be played. This design decision was motivated by our 

desire to support a range of experiences with Olly that can evolve as one develops a 

sensibility for ‘reading’, interacting, and living with it over time. When a song is selected 

and if the user wants to play it, they then need to spin the disc and the song will begin 

playing momentarily. After the song finishes playing, the disc stops spinning and Olly 

shifts back into a static, passive state until another song is randomly selected. The 

process continues indefinitely.  

Similar to Photobox, Olly uses ‘slowness’ to engage with the abundance of digital 

listening history data that a person has accumulated in their life by making situations in 

which they resurfaced and presented to be played through the artifact relatively scarce. 

Olly manifests an explicit slowness because it has a pacing that cannot be modulated. It 

also combines this slower rate of selecting songs with randomness to make its behavior 

persistent, yet unpredictable. When these qualities are combined, they aim to manifest 
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tension and trigger experiences of anticipation because the user will not know what song 

from their past will play if they trigger the rotating disc.  

 
Figure 33: Left to Right. Olly can operate standing up (or lying flat); A pending 

song is played by gently spinning the rotating disc (pictured here 
when lying flat); Woodgrains move in and out of alignment as the 
disc rotates; Three Olly design artifacts. 

However, different from Photobox, Olly aims to extend the pre-interaction 

experience by leveraging the actuated rotation of the internal disc to project a temporal 

expression associated with the specific listening instance that is being surfaced. This 

quality draws attention to how anticipation can be better primed and supported with a 

slow technology through pre-interaction (e.g., prior to when a song is played and one 

contemplates when in their life the song is coming from based on the subtle clue in the 

rotational speed). Photobox largely left it up to the user to wager a guess on if a printed 

photo from their past would be waiting for them by virtue of the enclosed, chest-like form. 

In contrast, Olly signals when a song from the user’s past has been selected and subtly 

projects a temporal encoding through this signaling to open an invitation for the user to 

contemplate where in their past the rotational speed is associated with, prior to the song 

being actively listened to (should the user decide to accept the invitation in the first 

place). Olly demonstrates how pre-interaction can be a valuable quality for priming and 

supporting ongoing interactions with and experiences around slow technologies.  

Olly also extended the temporal frame of interaction through expressing the 

relative ‘age’ of a listening instance through rotational movement that was continuous, 

interpretative and gradually shifting; and, which itself aged over time. The ‘aging’ of the 

listening history archive was expressed by the rotational speed for each unique instance 

becoming subtly slower as it grew older day by day.9 As a material form, Olly was 

 
9 Although Olly randomly selects instances of songs listened to previously in its user’s life and this 
data ages over time, the system structures the listening history archive chronologically. For 
example, when the user listens to music in their everyday life (outside of using Olly) and it is 
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designed and built robustly, not as a matter of permanence per se, but as a way to age 

and adapt to the passage of time; for example, the mahogany veneer gracefully ages 

and acquires a patina over time. These techniques of digital and material adaptation, 

combined with its unpredictable yet indefinite behavior, generate a sense of ‘aliveness’ 

in Olly whose combined physical materials and digital expression can slowly age 

alongside its user. Olly represented an up-to-date reflection of the totality of digital music 

listened to in its owner’s life whenever it is encountered. Thus, the slow and gradual, yet 

consistent change through time amplified a sense of both explicit and implicit 

ongoingness as it continued to evolve.  

Collectively, Olly represented a conceptual advance for slow technology that built 

on the Photobox in three key ways. First, it illustrated how a small degree of control 

could be extended to the user in a slow technology while still maintaining the quality of 

explicit slowness (i.e., the user could not change the pacing but could decide whether or 

not to play the song after it was selected and the rotation began). Second, it 

demonstrated how encoding the relative age of a listening instance, represented through 

its unique rotational speed, can be mobilized as a technique to support pre-interaction 

experiences that amplify Olly’s time presence and can trigger reflective experiences. 

Third, it shows how integrating a slowly changing temporal expression, in this case an 

expression that is relative to today’s date, can work as a resource to support the quality 

of ongoingness in slow technologies.  

 
recorded in their listening history archive, these instances are simply the ‘newest’ ones introduced 
into the archive along a linear timeline. They do not form temporal connections to other songs in 
the archive except in relation to how old or recent they are to relation each other. The concept of 
temporal interconnectedness -- where digital media or data form connections across multiple 
dimensions chronological and non-chronological time simultaneously -- is motivated and 
exemplified later through the Olo Radio and Chronoscope projects. 
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7.7.4. Slow Game 

 
Figure 34: Slow Game’s gameplay unfolds slowly over time. 

Slow Game’s design inspired by and adapted from the Slow Games, an original 

art project by Ishac Bertran.10 Bertran’s project explored how a slow pacing could be 

applied to three different games: Pong, Tetris, and Snake. With this project, we initially 

aimed to produce a small batch of Slow Game research products to further inquire into 

slower-paced, yet ongoing temporal qualities and what might be revealed through 

applying them to a computational game that could operate over long periods of time. Out 

of the three initial games Bertran explored we decided Snake was the best fit for this 

project particularly because it does not require any additional interface controls or 

features (e.g., external knobs or buttons) which would enable us to craft an entirely 

uniform, embedded, and finished design artifact. The original snake game is a simple 

game in which a player maneuvers a fast-moving ‘snake’ (a thin line of pixels) that 

roams around on a 2D-plane with the goal of picking up ‘food’ (a single pixel). The user 

 
10 See Betran's website for in depth documentation and description of his original project that 
precedes the one noted here: http://www.ishback.com/slowgames/index.html 

http://www.ishback.com/slowgames/index.html
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controls the direction the snake is heading. When the snake reaches a food pixel, its tail 

grows one pixel longer and another food pixel appears elsewhere. The player cannot 

stop the snake from moving while the game is in progress. The challenge is to make the 

snake avoid running into its own body or the perimeter of the 2D- plane; either case 

results in the game being over. Snake was popularized worldwide when it was included 

as a pre-loaded game on Nokia mobile phones in 1997.  

The Slow Game research product is embodied in the form of a 5cm wooden cube 

[157,166]. It persistently displays the ‘place’ that the user is within a simple slowed down 

version of the snake game. The user navigates a 8x8 (64 pixel) matrix where the goal is 

for the Snake to reach 17 pixels long in order to win. The orientation of the slow game 

physical cube dictates where the next ‘move’ will go. However, the move is only made 

after an 18 hour period passes. Through iterative experiments, we lived with versions of 

Slow Game to explore different pacing cycles (e.g., 10, 14, 18, 28, 30, 50 hours, etc.). 

These experiences revealed that shorter phases (e.g., 10-14 hours) seemed to be too 

fast and multiple moves could easily occur before we noticed, while longer phases (28-

50 hours) tended to feel ‘too long’ and, over time, caused the artifact to not be attended 

to for days, or to be largely forgotten. We found that an interval of one move per 18 

hours created a dynamic, yet balanced quality of experience.  

These experiences also revealed new tensions. We found that as Slow Game’s 

snake grew longer and more visually complex, it became difficult to interpret which 

direction the next move would advance. It was clear some type of feedback had to be 

integrated to sustain intelligible, if not enjoyable, experiences with it. This prompted us to 

include a subtle feature in the design to clarify the cube’s orientation: when it is rotated, 

the snake retraces itself pixel by pixel (one second per pixel), beginning at the tail and 

moving to the head. After reaching the head, it will blink three times in the pixel 

representing where the snake would move next. In this way, Slow Game communicates 

when it is tangibly manipulated to invite the user to check in on where the next move will 

go (i.e., effectively ‘setting’ the next move).  

Yet, the user has no control over making the move actually happen. Slow Game 

becomes ‘aware’ at the precise moment when 18 hours have passed; it then senses its 

orientation, advances the next move, and becomes inactive for the remaining cycle. In 

some instances in the game, the ‘best’ or most optimal series of moves to win the game 
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in the most direct and shortest duration will require the user to simply leave the cube 

undisturbed for a series of days before another simple tangible manipulation of the cube 

is required. If the game does ‘end’ and the user loses, Slow Game goes into a 

‘mourning’ state for 1 day (24 hours) and then the game restarts. If the user wins by 

making the Snake grow to 17 pixels long, then the game displays a visually pleasing, 

warm and slowly pulsing glow for 1 day and then the game restarts. In either case, this 

process continues indefinitely no matter whether or not there is any user interaction. In 

this way, Slow Game exhibits an explicit form of ongoingness because time is always 

perpetually moving through it.  

Slow Game illustrates the quality of explicit slowness because it enforces a slow, 

although relatively predictable and visible pacing. The user cannot ‘speed’ the game up 

nor slow it down. It operates on ‘its own time.’ However, different from Photobox, it does 

offer some control in the design. The user may interact with Slow Game by tangibly 

manipulating it to explore different options for their next move as it re-traces its steps up 

to where the next move would land. However, the move will only be made after an 

extended duration of time has passed (i.e., 18 hours). This design decision builds in 

support for pre-interaction by enabling the user to explore and contemplate where they 

might ‘set’ their next move by manipulating the cube’s orientation without knowing 

precisely when that move will be made.  

Slow Game’s pacing is intentionally designed to be offset from the 24-hour clock 

time. This design decision makes Slow Game temporally drift in and out of alignment 

with the user’s everyday rhythms and routines. For example, the moment that Slow 

Game makes a move—and the clock starts counting down in the time window until the 

next move is made—might occur in the morning time when the user has recently 

awoken from a night’s sleep. But as the days progress this moment will drift closer to the 

afternoon, then evening, then late at night, and so on. Thus, this quality creates a 

temporal drift that moves in and out of the 24-hour cycle of clock-time that people 

typically organize our lives around. This concept contrasts the explicit slowness of 

Photobox and Olly, both of which operate in an unpredictable way where their ‘action’ is 

only momentarily present in the printing of a photo or the rotation of the disc when a 

song is selected, and then they withdraw into a passive state in the background of daily 

life. Through its warm LED display diffused through maple veneer and the capacity for a 

user to manipulate it at any time to explore where their future move would land, Slow 
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Game persistently manifests a subtle presence. Because Slow Game operates on a 

different timescale outside of 24-hour clock time, the point at which the user would need 

to check to see if their move has been made is drifting in and out of the unique temporal 

rhythms of their everyday life.  

In summary, Slow Game mobilizes qualities of explicit slowness and 

ongoingness in ways similar to Photobox and Olly. However, it differs by illustrating how 

pre-interaction can be a persistent, even interactive, quality through enabling the user to 

explore where their desired move may land as the snake retraces its path each time the 

cube is manipulated. The interaction makes clear to the user where the snake will make 

its next move, yet only through time and patience will the move be made, whether or not 

it is intentionally set by the user.  Slow Game exemplifies the quality of temporal drift by 

manifesting its own time, in this case on an 18-hour scale, and perpetually moving in and 

out of alignment with 24-hour clock-time.  

7.7.5. CrescendoMessage  

CrescendoMessage is a digital messaging application that allows people to pick 

one photo and send it through one of its three obscuring lenses — Gaussian Blurred, 

Crystallized, or Pixelate — to another person [29,222]. In the original concept, the 

sender can select any temporal duration between one day to one year for the photo to 

slowly reveal its true unaltered form as it gradually becomes less obscured and more 

visible until it is fully revealed on the date and time selected by the sender. The user 

receiving the photo has no control over speeding up this process. The photo simply 

stays in their messaging application, visible at any time although its form may be 

obscured. Through time changing gradations slowly increase in fidelity, potentially 

prompting the user receiving the photo to prospectively reflect on what the photo content 

would be until the actual photo is eventually revealed.  
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Figure 35: Different types of obscuring lenses that can be applied to a photo 

via CrescendoMessage which will then slowly resolve to reveal the 
original image. 

CrescendoMessage offers a constructive contrast to the Photobox, which uses 

time delay as the expression of explicit slowness. After the sender sets the time-delay 

period and selects the desired obscuring lens, only through an enforced amount of time 

will the photo be revealed. In this way, it demonstrates a ‘crescendo’ expression of 

explicit slowness that also supports pre-interaction through the receiving user not being 

able to control the photo but having the option to view the slowly changing gradational 

exposure of the photo as it becomes clearer over time. As an analogy to concepts for 

structuring time in music theory, Photobox’s quality of explicit slowness can be seen as 

similar to staccato – indicating a sudden appearance in a short duration. In this view, 

Photobox occasionally prints a photo and then after an unknown, potentially significant 

amount of time delay occurs until the next one prints. Our messaging application 

gradually reveals a photo over time representing a crescendo form of explicit slowness 

that contrasts the examples of Photobox, Olly, and Slow Game.  
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7.7.6. Olo Radio 

 
Figure 37: Drawing on a user’s archive of digital music listening history, Olo 

Radio embodies the lifetime of music a user has listened to.  
The motorized linear slider and 3-switch knob exhibited on the left cabinet enable the user to 
explore, interact, and listen to music from their past across different timeframe modes; the 
rightmost knob controls on/off and volume. 

Olo Radio is a music player that draws on a user’s personal music listening 

history archive (via Last.FM) to embody the lifetime of digital music they have listened to 

[158]. Different from Olly, Olo Radio enables the user to have a high degree of control 

over the system. The two main points of interaction are the motorized linear slider and 

the timeframe knob (see the illustration in Figure 38). The timeframe knob offers the user 

three different temporal modalities that can be used to explore their listening history 

archive. The decision to make the timeframe knob a central feature in Olo Radio’s 

interaction design enables the user to interact with music from their past through both 

chronological (Life) and non-chronological (Day, Year) temporal modalities. Different 

modes can be selected and toggled by the knob next to the motorized linear slider. The 

specific position of the slider is encoded to a specific ‘point in time’ in the user’s past that 

is relative to the timeframe mode.  
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Figure 38: Explanation of the features, timeframe modes, and interaction 

design of Olo Radio. 

When Olo Radio is turned on, it begins playing the song queried from the slider’s 

current position. If left untouched Olo Radio will continuously play music, slowly moving 

forward in the timeframe mode. If the slider is moved, the current song will fade out and 

the song at the new location ‘in time’ it arrives at will fade in. If the timeframe mode is 

changed while a song is playing, it will continue to play as the actuated slider moves to 

the position in time where that instance is located in the new mode. In effect, the playing 

song remains unchanged, but the sequence of all listening instances surrounding it have 

been reorganized based on the newly selected mode. Olo Radio offers direct control to 

the user to change the timeframe modes and the position ‘in time’ that the slider 

represents whenever desired. This design decision creates an opportunity for the user to 

explore a range of possible connections across different songs listened to at different 

points in time in their past. Yet, Olo Radio’s design is intentionally minimal. It takes time 

to understand, recognize, and interpret memories bound up in one’s personal history. 

In our original design we ensured that Olo Radio made daily updates to its 

database to capture new listening instances and then to evenly distribute all listening 

instances across 64 ‘containers’ across the linear slider so that the same number of 

listening instances of songs were in each container.  However, we found that even with a 

modestly sized listening history archive caused initial frictions in our design. For 

example, an archive of 50,000 unique listening history instances would take 
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approximately 45 hours of music continuously playing to make it through just one single 

container. While songs at the ‘front’ of each container might shift around to some degree 

when new data was added from the updated Last.FM archive, eventually a pattern in a 

specific ‘point in time’ that had been listened to several times previously would become 

quite recognizable. Practically, this meant that it was improbable that large amounts of 

music in the ‘middle’ and ‘end’ of the containers would ever be able to heard again. 

Conceptually, this meant that Olo Radio precise points in one’s past would only be 

available to be engaged with through a significant amount time and patience. We 

anticipated that Olo Radio would take time to understand, but we did not expect that 

frictions related to the temporal organization or each timeframe mode would be a point of 

friction.  

These experiences prompted us to revisit Olo Radio’s design. We did not want to 

offer more end user control because we anticipated that this would detract too much 

from Olo Radio’s agency and, in this, comprise the qualities of unpredictability and 

change over time that are important for a slow technology. Yet, we needed to develop a 

technique to move through time in each container in a way that resurrected the many 

listening instances that were largely out of reach in the deeper temporal recesses of 

each container. We also needed to ensure that the unique sequential pattern was 

preserved from one song to the next. We eventually arrived an algorithm that applied a 

random selection to the where ‘in time’ music would begin playing from within a 

container. This only happened when the slider was tangibly manipulated by the user and 

moved to a new location Each time a new container is actively selected, Olo Radio will 

randomly determine where in time in the container it should begin playing from, 

effectively preserving the uniqueness of the temporal sequence, while avoiding being 

predictable.  

As a design artifact, Olo Radio both builds on and departs from the design 

artifacts reviewed thus far in our collection. Photobox, Olly, Slow Game, and 

CrescendoMessage leverage explicit slowness to generate a pacing that is ongoing and 

offer differing degrees of restricted end-user control. In contrast, Olo Radio offers the 

user a high degree of direct control and also has no enforced pacing – the user is free to 

interact with it as much or as little as they desire. Yet, we carefully designed Olo Radio 

with conceptual propositions of the slow technology design philosophy in mind. It 

embodies different forms of time and makes them more present in everyday life through 
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the Life, Year, and Day temporal modalities. It also requires time to understand in 

important ways: 1) as the archive grows larger, the granularity across the slider timeline 

will slowly decrease and 2) the interface is highly minimal and offers no explicit 

information about the specific listening instance of a song that is being played. These 

design decisions aim to use minimal feedback to catalyze a range of experiences that 

can evolve as one develops a sensibility for ‘reading’ and exploring Olo radio over time. 

Olo Radio’s temporal modalities combined with its quality of ongoingness 

together open possibilities for one’s relation to grow with it over time. It slowly evolves 

through updating daily to capture the historical traces of a user’s music listening history. 

This means that Olo Radio always represents the totality of a user’s listening history 

which effectively bridges it from the present moment when it is encountered to the past 

in an ongoing way. Olo Radio also subtly changes as the granularity of its slider 

gradually decreases as listening history data slowly stacks up across it. This, in turn, 

leads to a perpetual re-sorting of the sequential order of all listening instances which 

generates a quality of unpredictability that is uniquely tied to patterns produced from a 

user’s own listening practices and accounts for the temporal density of the archive. The 

timeframe modes enable temporal interconnections to form and expand across all 

instances in a user’s listening history simultaneously. For example, when a new listening 

instance is introduced into Olo Radio, it not only forms a relational connection to the 

other ‘most recent’ entries, but also to other music that was listened to previously at that 

specific time of the day as well as that time of the year. This quality of temporal 

interconnectedness may lead to relations forming among memories, experiences, and 

life stages that are bound up in the user’s life history in chronological and non-

chronological ways. This generates possibilities to explore alternative perspectives on 

one’s personal history from various temporal vantage points and to manifest a 

cumulative sense of change across time.  

Collectively, the design qualities of Olo Radio resonate with the original vision of 

slow technology, while offering new theoretical insights that can extend how we can 

approach it from a design perspective. Manifesting historical qualities of a personal 

archive through different temporal modalities can evoke a type of agency that is uniquely 

reflective of the user, that takes time to interpret, and that can scale and change over 

time. Due to digital music being an immaterial and temporal media, Olo Radio takes 

advantage of the time a user needs to ‘spend’ to listen, absorb, and interpret music 
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being played back from their past. The minimal interface design and actuated feedback 

can offer a quick ‘glance’ at where one might roughly be in time without demanding 

attention or the need for interaction. Next, we discuss Chronoscope which aims to adopt 

a similar approach used with Olo Radio and apply it to personal digital photo archives. 

7.7.7. Chronoscope 

 
Figure 39: Chronoscope is an interactive photo viewer that enables the user to 

re-visit and explore their digital photo archive through and across 
time. 

Chronoscope is a tangible photo viewer that embodies the lifetime of digital 

photos a person has accumulated over their lifetime [31]. Chronoscope is synced with 

the user’s online photo storage archive (e.g., Google Photos, Dropbox) and enables the 

user to interact with their photo archive through three separate rotational controls: 

temporal viewing direction, timeframe modes, and viewing granularity. When peering 

into Chronoscope, a single photo tied to the specific time that it was taken, based on its 

timestamp metadata, is visible (see Figure 39). A rotating wheel, as the scope's main 

feature, controls two temporal viewing directions through a rotational movement 

(clockwise to move forward in time and counterclockwise to move backward). We 

selected physical rotation for this input as a subtle analogy to the circular shape of 

clocks and the temporal flow evoked by their movement. By rotating either direction, the 

user sees each photo in relation to a wide spectrum of other photos in the archive.  

When the user stops the rotation, Chronoscope settles on the specific photo 

associated with where ‘in time’ the position is in relation to the selected timeframe mode. 

When switching the bigger knob on the side of the scope, users can seamlessly toggle 
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among different organizations of their archive through three temporal modalities: linear, 

date, and time. Linear organizes all photos in the archive in a linear timeline, from oldest 

to most recently taken. Date structures all photos in a temporal ordering based on the 

Month and Day they were taken irrespective of the year, potentially offering a more 

‘seasonal’ way of exploring photos in one’s archive. Time organizes all photos based on 

the specific time of the day they were taken irrespective of date or year, opening a space 

to explore the rhythms and qualities of past experiences captured in photos bound to 

parts of a user’s 24-hour daily cycle.  

A cornerstone decision in the design of Chronoscope consists of the following. 

When the user changes the temporal modality, the specific photo that is currently 

viewable does not change; rather, the organization of all of the photos around it changes 

in relation to its specific timestamp metadata. This enables the viewable image to act as 

an ‘anchor point’ through time and, in effect, empowers the user to explore a wide range 

of temporal interconnections between different photographs taken at different points in 

the user’s past. We judged this to be an important and valuable design decision because 

it creates a space of possibilities for people to experience known or unknown 

connections among different photos and open possibilities to trigger experiences of 

interpretation, reflection, curiosity, or serendipity over time. 

While the decisions described above reflect design qualities similar to Olo Radio, 

we encountered new tensions when grappling with the static and persistent qualities of 

digital photos displayed on a screen. For example, if a user has 20,000 photos and they 

aim to navigate to a specific time at the ‘other end’ of the photo collection, it would take 

approximately 2.77 hours to get there since each rotation moves through the photo 

archive by only one photo as a unit (and it takes about 0.5 second per rotation). With a 

larger archive, such as 200,000 photos the scenario is much worse (about 27.7 hours of 

continuous rotation). 

This design issue revealed to us that we would need to build in a support for 

‘tuning’ the number of photos that one moved through per each rotation. Different from 

how we grappled with the density of temporal metadata in the Olo Radio project, we 

could not rely on randomness or automatically ‘shuffling’ to a different point in time 

because it would be disorienting. Thus, we needed to enable people to move through 

their photo archives in very slow, precise, meticulous, and considered ways if, for 
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example, they encountered a set of photos that triggered deep reflection or required 

critical examination. Equally, we needed to provide quick movement across vast 

amounts of photos without an excessive amount of rotations, while retaining a subtle 

awareness of what had been passed over. In this way, Chronoscope demonstrates the 

quality of temporal granularity. With added control over the number of photos to be 

moved across in each degree of rotation, people would be able to ‘tune’ the pacing and 

speed through time that they move across their photo archive. The ‘tuning’ design 

element opens up more freedom and flexibility for the user to move through photos from 

minutes in a day to years of one’s life, making it easy to slow down or speed up in real 

time. Ultimately, we found this design decision to be valuable in that it supports both 

movement across time (both the chronological and non-chronological modes) as well as 

movement through time in a combined and extended way. 

Similar to Olo Radio, Chronoscope’s design is highly resolved, while the user 

experience is largely undetermined and unstructured. It does not suggest where one 

ought to look in their past when deciding to engage with it. The design is relatively 

minimal and constrained, while it may give rise to various open-ended experiences—

moments of curiosity, contemplation, and exploration. As a design artifact, Chronoscope 

makes use of temporal modalities to embody different forms of time and makes them 

more present in everyday life through the Linear, Date, and Time timeframes. It also 

leverages the combination of multiple temporal modalities with the quality of 

ongoingness to open up new possibilities for both chronological and non-chronological 

temporal interconnections to simultaneously emerge among digital photos in the archive 

through and across time. Chronoscope builds in support for tuning temporal granularity 

to open up added control and flexibility for the user to navigate possible temporal 

interconnections through and across time.   

Chronoscope offers a complementary case to Olo Radio. Both design artifacts 

illustrate an extended way that slow technologies could be designed while also 

resonating with conceptual propositions core to the original slow technology design 

philosophy. They take time to understand, manifest change through time, and amplify 

time presence through their use, and reflection upon their place, in everyday life. They 

build on and help extend these propositions by manifesting different and multiple forms 

of time in ways that break down the dichotomy between slowness and fastness. In this 

way, they offer examples of how slow technology can be conceptualized beyond solely 
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matters of interaction speed, tempo, and pacing. Chronoscope and Olo Radio offer a 

high degree of control over the system paired with the capacity to develop cumulative 

change as temporal interconnections form across multiple dimensions of time, while still 

retaining the reflective, critical, and ongoing design qualities emblematic of slow 

technology’s conceptual proposal and vision. 

7.7.8. PhotoClock –– another design artifact 

PhotoClock is a mobile application that uses the current clock-time of the present 

moment to re-present people’s photos taken around that same time of the day in the 

past. PhotoClock enables its users to revisit their personal digital photos through three 

pacing modes (Hour, Minute and Second). Each mode presents photos in a specific 

temporal modality that expresses a specific length and movement of time which is tied to 

the current clock time. These modes let people observe how their photo archive is 

structured across different temporal vantage points through a 24-hour lens, and supports 

them in experiencing the perpetual, ongoing flow of time. Hour mode displays one photo 

per hour drawn randomly from the stack of photos taken at the current hour in the past. 

This photo will remain present until the current clock time turns to the next hour. If a user 

were to change from Hour to Minute, a new random photo selection will occur and be 

taken from the stack in the newly selected mode. For example, if the photo being 

displayed during the Hour setting at 5pm was taken at 5:29:10pm but in real time the 

clock time is 5:41pm, and the user changes the mode to Minute, a new photo will be 

selected from the 5:41pm stack in the Minute mode (i.e., from all photos the user had 

taken at 5:41pm across time). Then, when it turns 5:42pm, PhotoClock will select a new 

photo from the 5:42pm stack. If the Second mode is selected, then the app will pick a 

new photo every second (e.g., at 5:41:45pm, 5:41:46pm, 5:41:47pm, and so on). It is 

possible that a photo will be displayed each second, continually moving forward in time. 

Offering a minimum degree of control, the PhotoClock design opens possibilities for 

people to encounter a wide range of unknown, forgotten, or discrete memories captured 

in different points in time through the presence of their digital photos. 
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Figure 40: A Use Scenario of PhotoClock 

While its interaction design is relatively minimal and subtle, PhotoClock takes 

time to understand and offers the potential to catalyze various open-ended experiences 

in relation to curiosity, contemplation, and reflection. Interestingly, PhotoClock 

represents a key difference compared to our research team’s prior set of design artifacts 

in the journal article because it exemplifies a hybrid form of both explicit and implicit 

slowness. In the article, we clearly defined the qualities of implicit slowness and explicit 

slowness. While implicit slowness is a quality that lets the interaction pace of a slow 

technology to be freely controllable, explicit slowness enforces the interaction pace of a 

slow technology, making the technology operate on their ‘own time’ irrespective of user 

interaction. PhotoClock stands as a novel design case that reveals ways of integrating 

these two highly oppositional qualities. As time ticks away relentlessly, PhotoClock 

manifests explicit slowness by highlighting the ephemeral, indeterminate, and ongoing 

quality of time. It does not allow any user control over pausing, slowing down, or fast-

forwarding the clock-time flow. PhotoClock operates indefinitely at the same speed as 

the present clock time flow, encouraging cycles of anticipation and release every 24 
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hours. In parallel, PhotoClock illustrates a quality of implicit slowness by providing three 

timeframe modes for its users to control the interaction pacing. This unique way of 

experiencing temporality is enabled by the fluid movement of time. For example, instead 

of interconnecting multiple dimensions of time through a selected digital instance based 

on its numeric numbers in relation to time (e.g., the date and time in the timestamps of a 

song or photo in the Olo Radio and Chronoscope), PhotoClock manifests three temporal 

modalities through a movement of time that continues endlessly but presents photo 

memories at different rates. Thus, this particular control of PhotoClock generates 

different expressions of slowness while enforcing the ongoing clock-time flow, making it 

a special design case that demonstrates how the two oppositional qualities can 

practically be leveraged together to create new interaction experiences. 

PhotoClock’s interaction design exhibits a quality of explicit ongoingness by not 

placing pressure on people to accept its invitation for reflection. That is, PhotoClock’s 

recurrent cycle ensures that photos to have an equal opportunity to reappear around the 

same time of day, giving people the assurance that eventually, another invitation will 

emerge again. These constant opportunities and availability of revisiting photos over 

time bring the ongoing quality of time to the foreground. Meanwhile, PhotoClock is ‘slow’ 

in a sense that it promotes cumulative experiences of reflection through an unstoppable 

temporal flow, which leads to continuous revisitation of one’s personal digital photo 

history that can slowly evolve every time people add a new photo to their archive. As a 

person accumulates more digital photos over time, PhotoClock updates its clock time-

based library and shapes an evolving form of one’s entire digital photo archive. This 

implicit ongoingness quality results in subtle changes in photo viewing experiences over 

time, which can be slowly perceived by people once new photos emerge and trigger 

different reflections on their own experiences. Together, the explicit and implicit 

ongoingness qualities in the PhotoClock design manifest the presence of time by 

fostering a sense of trust and anticipation for what might be unfold in future interaction. 

 PhotoClock primes people’s pre-interaction experience through a 

combined use of staccato and crescendo forms, which we have mentioned before in the 

artifact analysis of CrescendoMessage [163:166]. When there is not a photo in the 

current clock time stack (i.e., a user is experiencing a ‘temporal blank’ of their photo 

history), PhotoClock gradually reveals the next upcoming photo. Similar to 

CrescendoMessage, PhotoClock applies blurriness to the selected photo as a subtle hint 
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to invite its user to slowly accumulate visual information of a memory. However, 

PhotoClock users can switch between ephemeral and lasting photo viewing experiences 

while experiencing a period of temporal blank through a change of mode. Ultimately, this 

particular crescendo form of interaction helps prime and support people’s experiences of 

anticipation, curiosity, and reflection. But it was through the PhotoClock project that 

enabled us to consider how the quality of pre-interaction could be embodied more 

flexibly, dynamically, and interactively to create diverse paths for photo memories to be 

gradually revealed, anticipated, and reflected on.  

Yet, unlike Photobox and Olly, which use randomness and a slow pacing to 

evoke anticipation and reflection, PhotoClock utilizes the clock time from the temporal 

metadata of one’s photos to decide its timing of interaction. This approach of PhotoClock 

may enrich people’s revisitation of digital photos and invites reflection on personal 

memories. This design decision leads to an expression of temporal interconnectedness 

that is manifested through a never-ending synchronization between the present moment 

and multiple past moments that were recorded around the same clock time. This 

synchronization empowers people to experience their photos alternatively through 

various temporal vantage points. Through a change of mode, PhotoClock not only 

switches the interaction pacing but selects a smaller or larger time stack to pick a photo 

from (i.e., the current hour, minute, or second stack). This dynamic way of 

interconnecting and resurfacing memories makes the timing of people’s remembering 

process more traceable and ephemeral, inviting people to recollect their memories 

through the natural flow of time.  

Similar to Chronoscope, PhotoClock manifests temporal granularity but through 

offering people a discrete and simple control of interaction pacing. PhotoClock’s 

interaction pace is showing either one photo in every Hour, Minute, or Second (i.e., 1, 

60, or 360) instead of allowing its user to see photos in a linear range of speed from 1 to 

360. According to the findings of PhotoClock, when the granularities are not linear and 

are set by drastically different numbers, people could experience an intuition of desiring 

a more flexible ‘refresh button’ to look for other photo memories, but then a higher-level 

reflection of how the memories mean to them at the present moment would take place 

and engage them to think about the forever ongoingness of life. Although the 

granularities of time in the Minute or Second mode are not easily perceived and 

recognized by people, it is through this kind of tensions that prompted people to think 
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about how they remember things and how temporality could come into play when it 

comes to personal reflection on life history.  

In summary, PhotoClock not only mobilizes qualities of pre-interaction, temporal 

interconnectedness, and temporal granularity but also stands as an interesting example 

of manifesting both the qualities of explicit and implicit slowness, as well as the explicit 

and implicit ongoingness. The design case of PhotoClock helps reveal that these 

seemingly oppositional qualities, if treated carefully, could be preserved in a single 

design artifact in valuable ways. Therefore, PhotoClock further advances our 

understanding of the slow technology theory by showing that there can be less rigidity 

and opposition in manifesting these higher-level design qualities and creating 

opportunities for exploring how to combine them in future research work. Also, 

PhotoClock provides minimal controls that allow people to focus on the memories 

themselves, which exemplify how the ongoing movement of time could be used to 

design a temporal modality that leads to more dynamic memory-oriented interaction 

compared to the ones manifested in our other previous slow technology design artifacts.  

7.8. Revisiting the theory 

The contributions of this research offer an extension of the existing theory of slow 

technology as well as a number of design artifacts that each represent some key 

dimensions of the theory. These contributions are closely related and interdependent. 

Artifact analysis requires a detailed understanding of theoretical concepts as well as the 

design artifacts themselves. The selection of artifacts is crucial and this is why we 

primarily selected design artifacts that we had first-hand knowledge about. If other 

artifacts were selected, other design qualities may emerged and this suggests clear 

opportunities for future research. We do not see this as problematic since our aim is not 

to present our extension of the theory as conclusive or finalized. Our goal is to derive 

theoretical insights that can support, extend, and further diversify the conceptualization 

and design of slow technology. We see our work as an invitation to others to conduct 

similar research that explores the value of the theoretical concepts and to potentially 

develop other forms of extensions. 
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Based on previous work in the field, we summarized the theory of slow 

technology as consisting of three interrelated conceptual themes that together support a 

core vision. This vision defines slow technology as: 

Reflective Technology: designing technology that both invites reflection and is 
equally critically reflective on technology through its expression.  

Time Technology: designing technology that makes space for reflection through 
embracing different forms of temporality as a key quality in design. 

Amplified Environments: designing technology that amplifies the presence of 
things to make them into something more than merely a silent tool for fast access to 

something else.   

Based on our research, we still find the core vision of slow technology as 

relevant, generative, and theoretically stable. From a high-level, the new qualities inspire 

a different way of viewing design and influencing a designer’s attitude. Through our 

research we have extracted nine artifact qualities that can contribute to and extend this 

core vision. These qualities are different from the visionary themes; they are design 

qualities since they can be controlled by a designer to be more or less present and 

explicit in an artifact. The nine qualities are: implicit slowness, explicit slowness, 

ongoingness, temporal drift, pre-interaction, temporal modality, temporal 

interconnectedness, temporal granularity, and synchronicity. 

We believe that extending the initial theory, which is quite abstract and mostly on 

the level of intention and ambition, with our more concrete, design-oriented qualities 

makes the overall design theory of slow technology more robust and useful. The theory 

becomes more robust through connecting an abstract vision with concrete examples and 

by exposing the theory to a number of artifacts. Through this process, we get a clearer 

sense of what are key core aspects of the theory and also what might constitute weaker 

aspects of it. The extension also makes the theory more useful simply because it relates 

abstract concepts and ideas to qualities that can be controlled and worked with by 

designers. Next, we revisit and reflect on proposed qualities in light of our artifact 

analysis and the core vision of slow technology.  
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Implicit slowness shows that, on a general level, slow technologies can be freely 

controllable and that slow interaction is not merely a matter of speed. It foregrounds the 

need for designers to consider how a design artifact’s affordances, form, composition, 

and presence holistically come together to support an accumulation of interactions that 

gradually reveal its character over time. Implicit slowness opens a space for designers to 

explore how artifacts can be designed that may not be interacted with every day, week, 

month, or even year, but which are open to direct interaction at any time and which are 

continually returned to over time through sustained and recurrent experiences.  

Explicit slowness offers a contrasting quality where slow technologies are 

designed to intentionally restrict end-user control as they operate on their ‘own time’ 

irrespective of user interaction (or even the presence of others). It offers a framing that 

designers can scaffold to expand beyond designing for immediate response time and to 

explore crafting a temporal pacing that is distinct and indeterminate. Explicit slowness 

emphasizes the co-habitational aspect of slow technology where an artifact oscillates in 

and out of perceptual view in everyday life through moments of action and sustained 

periods of inaction. As this process unfolds, relations to and perceptions of the slow 

technology may change and grow richer as experiences accumulate around it. Explicit 

slowness also prompts designers to closely attend to how they surface and balance 

unpredictability in the artifact as it signals and enacts its slowly paced behavior.  

Ongoingness brings attention to the movement of time through an artifact and 

how this, in turn, shapes the artifact’s design and evolving expression. Ongoingness is 

closely linked with artifacts that exhibit explicit slowness because it speaks to the subtle, 

yet perpetual and never-ending nature of their behavior. This quality is important for 

creating slow technology because it can evoke a recognition by the user that the artifact 

is continually changing alongside them, albeit at its own pace. While greatly restricted 

user control is often exhibited in artifacts that are explicitly slow, over time the quality of 

ongoingness may help generate a deeper understanding of an artifact and alleviate 

tensions that may initially emerge from a lack of end-user control. Ongoingness also 

extends to artifacts that are not explicitly slow by prompting designers to develop 

techniques to project the co-evolving, aging quality of an artifact through time even if this 

subtle cumulative change is not always immediately perceivable. 
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Temporal drift leverages qualities of ongoingness and explicit slowness to 

explore the relationality among cyclical forms of time that operate on different tempos 

(e.g., the 24-hour clock-time that many people organize their everyday lives around 

contrasted with a different yet stable tempo). Such juxtapositions can productively 

generate a sense of ongoing change in a design artifact as it drifts in and out of 

alignment with periods of times when the user is in its proximity. Designing a different, 

yet stable temporal pacing in relation to clock-time into an artifact offers an alternative 

approach to supporting an ongoing cycle of anticipation compared to using randomness 

to generate unpredictability in a slow technology.  

Pre-interaction refocuses attention to the expanded set of experiences that could 

be considered and designed for prior to interaction with the artifact itself. For example, 

anticipation is often characterized as two temporal phases: the first, before an 

experience happens as tension builds, and the second during the experience as one 

reflects on what has been revealed through interaction. However, the first temporal 

phase of anticipation has often been overlooked in HCI and design, and remains 

underexplored. The extended temporal frame offered by pre-interaction points to how 

design artifacts, through different temporal expressions, can catalyze a rich range of 

experiences prior to interaction and that lie outside of direct interaction.  

Temporal modality foregrounds the integration of one or multiple different forms 

of time as the cornerstone of an artifact’s interaction design. For example, temporal 

modalities can be applied to organize digital media or data in ways that are not random 

but may still be unpredictable and apt to catalyze anticipatory, reflective, and interpretive 

experiences. Integrating temporal modalities as a defining quality of interaction opens up 

another alternative way for designers to conceptualize slow technologies that moves 

away from treating slowness as simply a matter of speed in opposition to fastness. 

Chronological timescales such as time of day, month, or year and other non-linear forms 

of time, such as lunar, biological, geological or deep time can be explored as generative 

resources for crafting and applying diverse kinds of temporal modalities in designing 

slow technologies.  

Temporal interconnectedness arises as a quality that can be explored and 

manipulated when two or more temporal modalities are integrated into a design artifact. 

This situation opens the possibility for interconnections to form and expand across all 
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instances of digital media or data embodied by a design artifact across multiple 

dimensions of time. The simultaneous and ongoing formation of interconnections across 

time can project a co-evolving quality that is unique and distinct to the user, that takes 

time to interpret, and that can scale to evoke cumulative change over time.  

Temporal granularity extends control to the user to ‘tune’ the relative amount of 

time that they move through when performing an interaction with a slow technology. 

Particularly in the case of design artifacts that embody large, dense archives of digital 

media or data, this quality enables users to tune down the granularity of the interaction 

to slowly explore and attend to very specific time periods represented in the archive. 

Equally, it enables the user to tune up the granularity to fluidly navigate across vast time 

periods. As experiences accumulate with tuning temporal granularity and a user 

becomes more familiar with this quality, they may develop a sensibility for their own 

desired interaction pacing when moving through time periods and across 

interconnections stitched together through multiple temporal modalities.  

Synchronicity inherits the quality of ongoingness and temporal 

interconnectedness by manifesting an endless movement of time that presents digital 

media or data in one’s archive through a sequence of temporal anchors (e.g., photos 

taken in an order based on their timestamps). Importantly, this quality allows people to 

move through data fluidly in a constant speed and highlights simultaneous presentation 

of data and time. This constant co-presentation of data and temporality invite users to 

create associations and comparisons between the present moment and past life events. 

Through synchronous movements of time, people are enabled to experience a 

recurrence of memories themselves and a potential refreshment of memories that 

renews what had been remembered and felt in the past. Although a simple control of 

regulating the interaction speed could be enabled as an add-on to allow more flexible 

and curious exploration (e.g., the Hour, Minute and Second mode in PhotoClock), 

synchronicity is a quality that aims to minimize control, putting users in a constructively 

‘accepting’ or ‘passive’ mindset, where they were able to let go of control, receive a 

trigger from their past, and reconstruct their memories in a self-determined and ongoing 

way. 

In summary, the theoretical contribution that we offer directly builds on the three 

original visionary themes of slow technology and extends this foundation through nine 
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design qualities. Each of the nine qualities relate to one or more of the visionary themes. 

Additionally, each of the design qualities relate to each other in complex ways. As an 

initial step, the goal of this article is to describe and unpack each of the nine qualities in 

relation to a key set of design artifacts. Future research can further investigate what the 

interdependencies and relations may look like among the qualities, but we anticipate that 

there are many combinations and that there are potentially serious trade-offs involved. 

For instance, combining and exemplifying all qualities in a single design artifact likely is 

not possible; certain combinations or strengths of qualities might even be 

counterproductive or cancel each other out. Additionally, we have not yet examined what 

might not be covered with these nine qualities. There is an opportunity to investigate this 

question through selecting a new set of artifacts for analysis and to explore comparative 

conceptual connections and differences. One approach could involve selecting a 

collection of different slow technology design artifacts. Another approach could consist of 

selecting a set of artifacts that do not exhibit any signs of slow technology, or that might 

be contrary to slow technology. Such artifact analyses could challenge and explore the 

stability and extensibility of the nine design qualities, and may lead to further insights 

about them as well as new theoretical concepts that our analysis may not have captured. 

There are clear opportunities for future research to both build on and challenge our 

findings.  

7.9. Conclusion and future work 

We have offered an extension to the design theory of slow technology. Our aim 

was to build on the original theory of slow technology and the core vision that its 

visionary conceptual themes mobilize. A key goal of our research is to articulate new 

qualities that help extend this vision and enable the theory to be more robust and useful 

by making it more practically accessible to designers and design researchers. To 

achieve this goal, we have developed and refined nine design qualities through a careful 

artifact analysis approach and presented a detailed analysis of eight artifacts that 

exemplify key aspects of the extended theory.  

So, what does an extended and more detailed design theory of slow technology 

mean to the field? 
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First, it helps further open up and develop the slow technology design space. The 

foundational themes of Reflective Technology, Time Technology, and Amplified 

Environments are highly generative, and they are also highly abstract. Design 

researchers and practitioners have encountered difficulties in translating these themes 

into the particularities of design practice in the crafting of new design artifacts. The nine 

qualities developed and articulated through our research aimed to be a more design-

oriented extension of the slow technology vision. Importantly, it is not required for all 

qualities or a finite number of qualities to be represented in a design artifact for it to be 

considered “slow technology.” Rather, designers and design teams can use this 

extended theory to raise certain questions about whether a particular quality exists in an 

artifact that they are designing and the extent to which it should or should not be 

emphasized. This will help support various stages of the design process by assisting 

design decision making earlier in the design process when assessing possible design 

alternatives and variations in the divergence phase. This extended theory will also help 

later in the convergence phase when assessing specific design qualities as slow 

technology artifacts move toward finished form.  

Second, we believe that our work will better support academic researchers and 

creative practitioners to analyze design artifacts based on the expanded theory. It 

provides a foundation for considering what a theory of slow technology might be, might 

be missing, or how it can be further developed. We have worked under the assumption 

that when a theory is extended – made more precise and concrete – it also opens it up 

for critique. We believe clear concepts and definitions are easier to analyze and critique 

than broad abstract intentions. We see our work as a piecemeal advance in a longer-

term process towards conceptual clarity and invite others to engage with it. We hope that 

the original design theory with its extension will be seen as a contribution to the field that 

needs further examinations and analysis.  

We also believe that engaging with the artifact analysis method was the 

appropriate methodological fit for this kind of research. We selected this method 

because we needed an approach to develop conceptual insights from a range of 

artifacts with the purpose to develop a theoretical understanding across these artifacts. 

The artifact analysis method enabled us to re-examine designs that we already knew 

intimately and to inspect the artifacts through a theoretical lens that led to further 

refinement of the design theory and the emergence of new concepts. In a field like HCI, 
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where research deals primarily with designed artifacts, there is a need for an approach 

that can support theoretical and conceptual development through an investigation of a 

category of designs by careful examination of individual artifacts. Outside of slow 

technology, we believe HCI research has a number of ‘theoretical’ candidates that would 

be suitable to approach using an artifact analysis method. We hope the artifact analysis 

approach can be appreciated as an effort to better support reflective forms of knowledge 

production in the HCI community. 

In conclusion, our proposal for an extended theory of slow technology is an 

invitation to others to further build on, extend or challenge the theory. HCI research is a 

field that is about the new, the next, the future, and has arguably engaged less in 

cumulative knowledge building. Our research is an attempt to build theoretically on what 

has already been done in the field to extend previous work. We hope that our work will 

entice others to do the same.  
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Chapter 8.  
 
Conclusion 

To conclude this dissertation, I summarize its contributions by revisiting each 

research question. Then, I summarize the limitations of this work and describe my critical 

reflection on the challenges and opportunities that emerged. This serves as a way to 

propose potential directions and starting points for researchers who are interested in 

exploring new digital photo viewing experiences through the expression of time. 

8.1. Contributions — revisiting the research questions  

At the time I began my doctoral research, the field of HCI had already given 

considerable attention to digital photos for purposes such as self-identification 

[40,41,89,236] and collective remembering [5,21,45,46,145,235]. Researchers had taken 

approaches such as investigating digital photos as memory cues [100,112,196,244] and 

enabling new tangible and embodied interaction design [162,174,222,228,246]. Yet, 

these investigations had largely focused on creating and evaluating new experiences of 

revisiting a single or a small set of photos. Few works had explored alternative ways to 

support people to make sense of their exponentially growing digital photos over time. 

This prompted me to critically consider the overarching research question of this 

dissertation: 

How can memory-oriented experiences with personal digital photos be supported 
and sustained as digital photo archives grow, expand, and age over time?  

To answer this question, my dissertation makes three contributions by providing:  

1. research products that offer concrete examples and practice-based insights for 
future researchers to take consideration when designing technologies for 
reflection,  

2. empirical data from field studies that provides better understandings of people’s 
lived experience with the proposed research products, and  

3. design qualities for extending the design theory of slow technology through a 
variety of temporal frames. 
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In sum, two research products named Chronoscope and PhotoClock were 

created and deployed in our research participants’ houses to collect empirical data. 

Together with other cases in our design research lab, Chronoscope and PhotoClock 

supported us to conduct an artifact analysis and distill a series of design qualities that 

pushed the development of the slow technology design theory. Throughout my research 

path, my overarching research question gradually evolved into 5 distinct subquestions, 

each of which was addressed and answered in Chapter 3 to 7. Next, I outline each 

contribution made in the process of answering these 5 questions. 

RQ1: What opportunities exist to leverage ‘temporal metadata’ as a design 
resource that supports memory-oriented ways of experiencing the trajectory of 
digital photos one has accumulated in their life? 

As Chapter 3 shows, this research question came into place after I studied 

numerous works in HCI and the social sciences in relation to digital photo viewing 

experiences and personal data. At that time, the research communities had an emerging 

interest in using data as a design material. Yet, there were very few design cases to 

engage deeper discussion about how this approach could support the design of 

technologies for people to make sense of their vast and still growing digital possessions.  

Therefore, I formed a design research team and created Chronoscope, a tangible 

photo viewer that allows people to re-experience their accumulating digital photos in a 

more diversified way. From paper sketching, digital prototyping, software programming 

to digital fabrication and production, we batch produced a number of Chronoscope 

research products and reflected on our own relationship with digital photos through the 

process of making and experiencing them over time. Through the Chronoscope design 

process, this work produced two contributions: 

• Providing a design case that enables people’s interaction with massive digital 
photos through and across time, and 

• Investigating temporal metadata as a design resource and suggesting 
temporal granularity as a way to resolve the ‘stuck in time’ and ‘lost in time’ 
tensions. 

Findings shows that temporal metadata offers a range of possibilities for us to 

explore memories, either known or forgotten, and to make connections across non-linear 

temporal trajectories of one’s personal photo archive. Compared to the use of 
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randomness as a well-accepted way to invite surprise and reflection in interaction design 

[119,120,124,188], the use of temporal metadata was a rather new approach that 

echoed with and suggested by prior works [82,158,170]. This approach allowed users to 

perceive and build more precise relations between individual digital photos through and 

across time. Importantly, we observed and reflected on the tensions related to the scale 

and temporal dimensions of digital photo archives, namely the ‘stuck in time’ and ‘lost in 

time’ experiences. Through overcoming these tensions in practice, our work suggested 

that tuning temporal granularity could be a viable option for future HCI researchers and 

practitioners to grapple with similar interaction issues. 

RQ2:  What are viable conceptual frameworks for conducting practice-based 
design research that utilize notions of time to invite one’s reflection on their vast 
and still growing digital photos? 

After the Chronoscope design study was completed, my second research 

question emerged through me and my supervisor reflecting on our particular designer-

researcher approach to producing a series of time-related interaction design artifacts 

[155]. As noted in Chapter 4, with an aim to contribute to methodological development 

and introducing our approach to broader design communities, we collaborated on a book 

chapter on practice-based research that made the following contributions:  

• Introducing the generative role of a designer-researcher approach, and 

• Unpacking four conceptual frameworks we resonated with and applied in our 
approach behind the scenes of our Chronoscope design process. 

We introduced our designer-researcher approach by providing four related 

concepts that inspire and situate our position: research through design, autobiographical 

design, reflective conversation with materials, and research product. By giving a concise 

review of prior works and using Chronoscope as a design case, we explained how these 

four points could came together to support a first-person practice-based design research 

inquiry in relation to temporality. Through unpacking the details from a methodological 

perspective, I started to see a bigger picture of potential opportunities for bringing 

philosophers, social scientists, and design practitioners to collectively develop new ways 

of grounding theoretical concepts related to time through creative practice.  



188 

RQ3: What memory-oriented photo viewing experiences could be supported and 
sustained through a tangible photo viewer that allows people to explore their 
digital photos chronologically and non-chronologically? 

To address this third research question and expand our understanding of how 

the Chronoscope interaction design could support people to explore their digital photo 

archives, I deployed four Chronoscopes in four different households in Metro Vancouver 

area for three months. We recruited participants who had constantly used Google or 

Dropbox to back up their digital photos for years and had thousands of photos in their 

cloud service. Semi-structured interviews were selected as the data collection method 

for this study to provide in-depth knowledge of the topic. This empirical study created 

three contributions: 

• Using temporal metadata as a memory cue to create and trigger journey-
based exploration in one’s life history, 

• Providing ways to support people’s exploration of potentially forgotten or 
unknown life patterns over time, and 

• Extending the conceptual lens of slow technology through developing more 
diversified strategies to design with temporality. 

The result of this field deployment study in Chapter 5 shows that Chronoscope 

catalyzed a range of reflective experiences on their respective life histories and life 

stories. It opened up alternative ways of considering the potential longevity of personal 

photo archives. In particular, participants experienced a journey-based interaction with 

their entire personal digital photo archives, in which they used both chronological and 

non-chronological timeframe modes to navigate unique pathways through multiple 

memories and life stages. Using temporal metadata as a memory cue to trigger this type 

of experience, Chronoscope exemplified a way of designing malleable forms of time to 

bring more curiosity, anticipation, and reflection into people’s interaction with their 

massive digital photos. 

RQ4: What opportunities exist to leverage ‘current clock time’ as a design 
resource that supports new ways of experiencing the trajectory of digital photos 
one has accumulated in their life? 

The findings and limitations of Chronoscope primed my research inquiry to the 

fourth research question, which investigated how the perpetual movement of time can be 
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leveraged as a unique resource to continually connect the present moment to people’s 

photos taken around that same time of the day in the past. As noted in Chapter 6, to 

address this objective, I created another research product named PhotoClock, a mobile 

application that leverages temporal metadata to connect the present moment to one’s 

past memories. I deployed this app to 12 participants who are iPhone users located in 

North America and have at least one thousand photos on their devices. Semi-structed 

interviews were conducted online after 8 weeks of usage in field. The main contributions 

of this work are: 

• Using clock time and timestamps as design materials to invite flow-based 
exploration into one’s digital photo archive, 

• Providing minimal controls to support people’s interaction with their life history 
hidden in personal data over time, and 

• Extending the conceptual lens of slow technology through developing diverse 
strategies to design with temporality. 

In addition to temporal metadata, the use of the present clock time as a design 

resource allows the PhotoClock design to enable a strong and ongoing connection 

between the present moment and one’s life history bound to their large and still growing 

digital photo archives. The minimal controls provided by PhotoClock also encouraged 

participants to engage in the process of perceiving and reflecting on their photo 

memories. This finding extends Axtell et al.’s work [5] that argued the combined lack of 

user control, visual context, and manual curation were what made photo viewing 

applications often not effective for remembering the past or for spontaneous 

reminiscence. On the other hand, participants reported that witnessing the ‘temporal 

blanks’ in periods when they did not take any photos in their life created room for them to 

make rich interpretation and inference. Thus, using the empty spaces of one’s digital 

photo archives to design novel photo viewing experience could be a promising way to 

develop more diverse strategies to design with temporality for personal reflection. 

RQ5: What opportunities exist to extend a theory of slow technology for 
interaction design through more diverse and expressive design qualities in 
relation to time?  

After going through a research trajectory built upon the original slow technology 

concept published in 2001, our research team conducted an artifact analysis on 7 design 
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artifacts and proposed 8 design qualities to extend the theory of slow technology in 

2022. In addition to the 8 qualities, I proposed a quality of synchronicity derived from the 

PhotoClock project (2023) in this thesis. The main contribution of answering this 

question is to offer an extension to the design theory of slow technology with the set of 

qualities listed below: 

• Implicit slowness: a quality that lets the interaction pace of a slow technology 
to be freely controllable. 

• Explicit slowness: a quality that enforces the interaction pace of a slow 
technology, making the technology operate on their ‘own time’ irrespective of 
user interaction. 

• Ongoingness: a quality that brings attention to the movement of time through 
the subtle, yet perpetual and never-ending nature of a slow technology. It 
exhibits explicit slowness and makes a technology continually changing 
alongside people.  

• Temporal drift: a quality that leverages ongoingness and explicit slowness to 
explore the relationality among cyclical forms of time that operate on different 
tempos. 

• Pre-interaction: a quality that refocuses attention to the expanded set of 
experiences that could be considered and designed for prior to interaction with 
the artifact itself. 

• Temporal modality: foregrounds the integration of one or multiple different 
forms of time as the cornerstone of an artifact’s interaction design. 

• Temporal interconnectedness: a quality that arises as a quality that can be 
explored and manipulated when two or more temporal modalities are 
integrated into a design artifact. This situation opens the possibility for 
interconnections to form and expand across all instances of digital media or 
data embodied by a design artifact across multiple dimensions of time. 

• Temporal granularity: a quality that extends control to the user to ‘tune’ the 
relative amount of time that they move through when performing an interaction 
with a slow technology. 

• Synchronicity: a quality that highlights the concurrency of different perpetual 
movements of time by making the present flow of interaction synchronous with 
one or multiple designated periods in the past. 
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8.2. What’s next? — limitations and future work 

To create new experiences of digital photo wayfaring, my doctoral research 

brings together and extends a range of previous studies of slow technology and 

temporal interaction design. Here in this section, I critically reflect on my entire research 

trajectory and discuss the limitations as well as the opportunities for future HCI and 

design research. 

In my dissertation, there are a number of research limitations that need to be 

addressed. First, there is a main limitation inherited from the RtD methodology, which is 

its lack of extensibility [72]. While embracing the benefit of exploring a ‘wicked problem’ 

through the creation of design artifacts, the artifacts’ uniqueness made the extensibility 

of knowledge less possible. Second, RtD studies that involve producing the research 

products and deploying them to people’s houses in field usually require much longer 

time and higher cost. Third, the small sample number and unique profiles of participants 

in the field deployment research approach had led to results that are not generalizable to 

a broader population [23]. Fourth, I mainly focused on participants who have skills and 

access to technology and have accumulated a certain amount of digital archives in North 

America. Hence, insights derived from my dissertation may not be applied to people 

from different regions or cultures. 

Next, I discuss what future directions could be considered to continue the 

investigation of exploring temporality for digital photo wayfaring. 

8.2.1. Exploring alternative sources and creative integration of 
temporal metadata to design for human-photo interaction 

Among the works completed in my PhD research, I have observed several 

challenges and opportunities in relation to temporal metadata. In particular, I learned that 

designing different forms for temporal metadata could bring people valuable digital photo 

viewing experiences. While Chronoscope had enabled a journey-based viewing 

approach for one to revisit their lives in unique pathways, PhotoClock had created flow-

based experiences that invited one’s deeper reflection on how memories come and go 

dynamically as the perpetual movement of time continues. These two design cases 

exhibit how the concept of data wayfaring could support and engage people’s interaction 
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with their vast and still growing digital photos. According to the concept of data 

wayfaring, instead of following a set path to an imagined future, people navigate (in their 

digital data archives) using a variety of information, cues and intuition as best as they 

can for the purposes of knowing themselves — a life being lived. [189]. Despite taking 

different approaches, Chronoscope and PhotoClock both enabled people to creatively 

explore and reflect on their life histories bound up in their digital photo archives in a 

sequence that interconnected or flowed photos through the presence of time. 

Importantly, addressing the ongoing quality of change in one’s digital photo archives 

generated possibilities for renewed curiosity over time. Thus, leveraging temporal 

metadata to design human-photo interaction does create new ways for people to 

understand themselves and reflect on their life stories shaped by the entirety of digital 

photo archives.  

Yet, memorable moments in relation to digital photos are not restricted to the 

time a photo was taken. There are design opportunities for other temporal metadata than 

the ‘creation date’ of a digital photo. Prior works suggested that people’s engagement 

with digital photos involve activities performed after the moment of capture [115]. These 

activities include searching, selecting, organizing, editing, and sharing [22], during which 

the digital photo file can generate temporal metadata such as ‘modification date’, and 

‘last opened date’. These temporal metadata are traces of people’s intimate interaction 

with their digital photos. Similar to how the Olly and Olo Radio projects manifested one’s 

music listening histories for personal reminiscence, metadata like these can be valuable 

for designing innovative memory-oriented photo wayfaring experiences. A potential 

direction to investigate in the future is to allow revisitation of one’s photo sharing history, 

in which they could experience collective remembering with their loved ones through and 

across time. 

Throughout my PhD research, I also learned that the existing timestamp formats 

are quite finite and relatively inflexible, which could lead to potential issues in relation to 

integrating photos captured in diverse time zones and calendar systems. For example, 

participants did desire ways to explore memories experienced in the Iranian calendar or 

the lunar calendar. This shows design opportunities to explore more diverse approaches 

to integrate and manifest temporal metadata as memory cues in the design of digital 

photo technologies. 
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8.2.2. Extending the design theory of slow technology through more 
design cases that apply diversified and malleable forms of time 

In conclusion, over the years I have studied various design perspectives 

[50,125,212] that triggered me to rethink not only the theoretical development through an 

alternative lens [96,239] but also what real-world technology design could supports 

people’s understanding, exploration, and speculation on the potential meaning behind 

data. Although the creation period of research products can be long and at times difficult, 

it is ultimately a rewarding process. These research products have created new human-

computer interaction experiences and supported my understanding of how temporality 

could come into play to support longer-term human-technology relations. The findings 

and design qualities derived from my research projects were completed with a hope of 

making contributions to the HCI design and research communities in a way that offers an 

alternative lens of designing technologies for digital photo wayfaring.  

Collectively, my accumulated works published throughout my PhD study have 

indicated the value and need to extend the design theory of slow technology. To 

advance this development further, the HCI and design communities would need more 

design examples that showcase how more diverse and malleable forms of temporality in 

the design of technologies could create meaning to people and their important others 

[30,181,185]. While personal data and digital possessions are growing inevitably to 

support our utilitarian needs, we are gradually learning to co-exist and evolve alongside 

these overwhelming resources, seeking better ways to navigate them over time. Data 

wayfaring provides a way to look at our histories bound to these digital archives, both at 

a macro and micro level, and create journeys that human brain alone can struggle to 

process without the support and power of computing technologies. But still, questions 

continue to emerge: 

How much wayfaring control should be provided in the interaction design of a 

slow technology to engage people’s exploration of their digital possessions? How to 

mobilize and extend diverse temporalities across different forms of personal data? 

While the HCI and design communities may already have some insights, these 

ideas will continue to evolve as time progresses, very much like memories, which cannot 

be recorded in any digital form, but are reconstructed every time they are recalled. 



194 

References 

[1] Barbara Adam. 2013. Time and social theory. John Wiley & Sons. 

[2] Morgan Ames, Dean Eckles, Mor Naaman, Mirjana Spasojevic, and Nancy Van 
House. 2010. Requirements for mobile photoware. Pers Ubiquit Comput 14, 2 
(February 2010), 95–109. DOI:https://doi.org/10.1007/s00779-009-0237-4 

[3] Frederick M.C. van Amstel and Rodrigo Freese Gonzatto. 2022. Existential time 
and historicity in interaction design. Human–Computer Interaction 37, 1 (January 
2022), 29–68. DOI:https://doi.org/10.1080/07370024.2021.1912607 

[4] College Ave and Kennedy Hall. 2012. See Friendship , Sort of : How 
Conversation and Digital Traces Might Support Reflection on F riendships. 
(2012). 

[5] Benett Axtell, Raheleh Saryazdi, and Cosmin Munteanu. 2022. Design is Worth a 
Thousand Words: The Effect of Digital Interaction Design on Picture-Prompted 
Reminiscence. In Proceedings of the 2022 CHI Conference on Human Factors in 
Computing Systems (CHI ’22), Association for Computing Machinery, New York, 
NY, USA, 1–12. DOI:https://doi.org/10.1145/3491102.3517692 

[6] Anna N. Baglione, Maxine M. Girard, Meagan Price, James Clawson, and Patrick 
C. Shih. 2018. Modern Bereavement: A Model for Complicated Grief in the Digital 
Age. In Proceedings of the 2018 CHI Conference on Human Factors in 
Computing Systems (CHI ’18), Association for Computing Machinery, New York, 
NY, USA, 1–12. DOI:https://doi.org/10.1145/3173574.3173990 

[7] Richard Banks, David Kirk, and Abigail Sellen. 2012. A design perspective on 
three technology heirlooms. Human–Computer Interaction 27, 1–2 (2012), 63–
91. 

[8] Richard Banks and Abigail Sellen. 2009. Shoebox: Mixing Storage and Display of 
Digital Images in the Home. In Proceedings of the 3rd International Conference 
on Tangible and Embedded Interaction (TEI ’09), ACM, New York, NY, USA, 35–
40. DOI:https://doi.org/10.1145/1517664.1517678 

[9] Jeffrey Bardzell, Shaowen Bardzell, and Lone Koefoed Hansen. 2015. Immodest 
Proposals: Research Through Design and Knowledge. In Proceedings of the 
33rd Annual ACM Conference on Human Factors in Computing Systems (CHI 
’15), ACM, New York, NY, USA, 2093–2102. 
DOI:https://doi.org/10.1145/2702123.2702400 

[10] Frederic Charles Bartlett. 1995. Remembering: A study in experimental and 
social psychology. Cambridge university press. 



195 

[11] Michelle Bastian. 2017. Liberating Clocks: Developing a Critical Horology to 
Rethink the Potential Of Clock Time. New Formations 92, 92 (September 2017), 
41–55. DOI:https://doi.org/10.3898/NEWF:00.00.2017 

[12] Russell W. Belk. 1988. Possessions and the Extended Self. J Consum Res 15, 2 
(September 1988), 139–168. DOI:https://doi.org/10.1086/209154 

[13] Steve Benford and Gabriella Giannachi. 2008. Temporal trajectories in shared 
interactive narratives. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems, ACM, 73–82. Retrieved from 
http://dl.acm.org/citation.cfm?id=1357067 

[14] Peter Bennett and Mike Fraser. 2012. Slow Technology is Inefficient but 
Resilient. In Workshop on Slow Technology: Critical Reflection and Future 
Directions in Proceedings of the Designing Interactive Systems Conference (DIS 
’12), ACM, New York, NY, USA. 

[15] Ofer Bergman, Diana Gutman, and Steve Whittaker. 2022. It’s too much for us to 
handle—The effect of smartphone use on long-term retrieval of family photos. 
Pers Ubiquit Comput (May 2022). DOI:https://doi.org/10.1007/s00779-022-
01677-x 

[16] Dorthe Berntsen. 2009. Involuntary Autobiographical Memories: An Introduction 
to the Unbidden Past. Cambridge University Press, Cambridge. 
DOI:https://doi.org/10.1017/CBO9780511575921 

[17] Dorthe Berntsen and David C. Rubin (Eds.). 2012. Understanding 
Autobiographical Memory: Theories and Approaches. Cambridge University 
Press, Cambridge. DOI:https://doi.org/10.1017/CBO9781139021937 

[18] Kevin Birth. 2012. Objects of time: How things shape temporality. Springer. 

[19] John Bowers. 2012. The Logic of Annotated Portfolios: Communicating the Value 
of “Research Through Design.” In Proceedings of the Designing Interactive 
Systems Conference (DIS ’12), ACM, New York, NY, USA, 68–77. 
DOI:https://doi.org/10.1145/2317956.2317968 

[20] Ryan David Bowler, Benjamin Bach, and Larissa Pschetz. 2022. Exploring 
Uncertainty in Digital Scheduling, and The Wider Implications of Unrepresented 
Temporalities in HCI. In Proceedings of the 2022 CHI Conference on Human 
Factors in Computing Systems (CHI ’22), Association for Computing Machinery, 
New York, NY, USA, 1–12. DOI:https://doi.org/10.1145/3491102.3502107 

[21] Mendel Broekhuijsen, Elise van den Hoven, and Panos Markopoulos. 2017. 
Design Directions for Media-Supported Collocated Remembering Practices. In 
Proceedings of the Eleventh International Conference on Tangible, Embedded, 
and Embodied Interaction (TEI ’17), ACM, New York, NY, USA, 21–30. 
DOI:https://doi.org/10.1145/3024969.3024996 



196 

[22] Mendel Broekhuijsen, Elise van den Hoven, and Panos Markopoulos. 2017. 
From PhotoWork to PhotoUse: exploring personal digital photo activities. 
Behaviour & Information Technology 36, 7 (July 2017), 754–767. 
DOI:https://doi.org/10.1080/0144929X.2017.1288266 

[23] Barry Brown, Stuart Reeves, and Scott Sherwood. 2011. Into the wild: challenges 
and opportunities for field trial methods. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (CHI ’11), Association for 
Computing Machinery, New York, NY, USA, 1657–1666. 
DOI:https://doi.org/10.1145/1978942.1979185 

[24] Matic Broz. 2022. How Many Photos Are There? (2023) 50+ Photos Statistics. 
Retrieved January 14, 2023 from https://photutorial.com/photos-statistics/ 

[25] Daragh Byrne, Aisling Kelliher, and Gareth J.F. Jones. 2011. Life editing: third-
party perspectives on lifelog content. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’11), Association for Computing 
Machinery, New York, NY, USA, 1501–1510. 
DOI:https://doi.org/10.1145/1978942.1979162 

[26] Caroline Cakebread. 2018. People will take 1.2 trillion digital photos this year. 
Retrieved from htp://www.businessinsider.com/12-trillion-photos-to-be-taken-in-
2017-thanks-to-smartphones-chart-2017-8 

[27] Han Joo Chae, Youli Chang, Minji Kim, Gwanmo Park, and Jinwook Seo. 2020. 
ARphy: Managing Photo Collections Using Physical Objects in AR. In Extended 
Abstracts of the 2020 CHI Conference on Human Factors in Computing Systems 
(CHI EA ’20), Association for Computing Machinery, New York, NY, USA, 1–7. 
DOI:https://doi.org/10.1145/3334480.3382885 

[28] David Chatting, David S. Kirk, Abigail C. Durrant, Chris Elsden, Paulina Yurman, 
and Jo-Anne Bichard. 2017. Making Ritual Machines: The Mobile Phone As a 
Networked Material for Research Products. In Proceedings of the 2017 CHI 
Conference on Human Factors in Computing Systems (CHI ’17), ACM, New 
York, NY, USA, 435–447. DOI:https://doi.org/10.1145/3025453.3025630 

[29] Amy Yo Sue Chen. 2015. CrescendoMessage: Articulating Anticipation in Slow 
Messaging. Masters Thesis. National Taiwan University of Science and 
Technology, Taipei City. 

[30] Amy Yo Sue Chen. 2020. Giving Form to Temporality: Extending Design 
Practices and Methodologies for “Slow” Interaction. In Extended Abstracts of the 
2020 CHI Conference on Human Factors in Computing Systems Extended 
Abstracts (CHI ’20), Association for Computing Machinery, Honolulu, HI, USA, 1–
10. DOI:https://doi.org/10.1145/3334480.3375024 



197 

[31] Amy Yo Sue Chen, William Odom, Ce Zhong, Henry Lin, and Tal Amram. 2019. 
Chronoscope: Designing Temporally Diverse Interactions with Personal Digital 
Photo Collections. In Proceedings of the 2019 on Designing Interactive Systems 
Conference (DIS ’19), ACM, New York, NY, USA, 799–812. 
DOI:https://doi.org/10.1145/3322276.3322301 

[32] Justin Cheng, Akshay Bapat, Gregory Thomas, Kevin Tse, Nikhil Nawathe, 
Jeremy Crockett, and Gilly Leshed. 2011. GoSlow: Designing for Slowness, 
Reflection and Solitude. In CHI ’11 Extended Abstracts on Human Factors in 
Computing Systems (CHI EA ’11), ACM, New York, NY, USA, 429–438. 
DOI:https://doi.org/10.1145/1979742.1979622 

[33] Jake Cigainero. 2015. A Watch That Tries to Slow Things Down. The New York 
Times (February 2015), NA(L)-NA(L). 

[34] Martin A. Conway and David C. Rubin. 1993. The Structure of Autobiographical 
Memory. In Theories Of Memory. Psychology Press. 

[35] Dan Cosley, Victoria Schwanda Sosik, Johnathon Schultz, S. Tejaswi Peesapati, 
and Soyoung Lee. 2012. Experiences With Designing Tools for Everyday 
Reminiscing. Human–Computer Interaction 27, 1–2 (April 2012), 175–198. 
DOI:https://doi.org/10.1080/07370024.2012.656047 

[36] Andy Crabtree and Richard Mortier. 2015. Human Data Interaction: Historical 
Lessons from Social Studies and CSCW. In ECSCW 2015: Proceedings of the 
14th European Conference on Computer Supported Cooperative Work, 19-23 
September 2015, Oslo, Norway, Springer International Publishing, Cham, 3–21. 
DOI:https://doi.org/10.1007/978-3-319-20499-4_1 

[37] Jonathan Crary. 2013. 24/7: Late capitalism and the ends of sleep. Verso Books. 
Retrieved January 20, 2017 from 
https://books.google.ca/books?hl=en&lr=&id=4u618AHItOcC&oi=fnd&pg=PA1&d
q=24/7:+Late+capitalism+and+the+ends+of+sleep&ots=qfhJ-
VlFWY&sig=wT3_0ZUYU_EvzVX1dv-YxUvLqNg 

[38] Mihaly Csikszentmihalyi and Eugene Halton. 1981. The Meaning of Things: 
Domestic Symbols and the Self. Cambridge University Press. 

[39] Amber Cushing. 2011. Self extension and the desire to preserve digital 
possessions. Proceedings of the American Society for Information Science and 
Technology 48, 1 (2011), 1–3. 
DOI:https://doi.org/10.1002/meet.2011.14504801304 

[40] Amber L. Cushing. 2013. “It’s stuff that speaks to me”: Exploring the 
characteristics of digital possessions. Journal of the American Society for 
Information Science and Technology 64, 8 (2013), 1723–1734. 
DOI:https://doi.org/10.1002/asi.22864 



198 

[41] Amber L. Cushing. 2014. A Balance of Primary and Secondary Values: Exploring 
a Digital Legacy. International Journal of Knowledge Content Development and 
Technology 3, 2 (2014), 67–94. DOI:https://doi.org/10.5865/IJKCT.2013.3.2.067 

[42] Peter Dalsgaard. 2016. Experimental Systems in Research Through Design. In 
Proceedings of the 2016 CHI Conference on Human Factors in Computing 
Systems (CHI ’16), ACM, New York, NY, USA, 4991–4996. 
DOI:https://doi.org/10.1145/2858036.2858310 

[43] Hilary Davis, Mikael B. Skov, Malthe Stougaard, and Frank Vetere. 2007. Virtual 
box: supporting mediated family intimacy through virtual and physical play. In 
Proceedings of the 19th Australasian conference on Computer-Human 
Interaction: Entertaining User Interfaces (OZCHI ’07), Association for Computing 
Machinery, Adelaide, Australia, 151–159. 
DOI:https://doi.org/10.1145/1324892.1324920 

[44] Laura Devendorf, Kristina Andersen, and Aisling Kelliher. 2020. Making Design 
Memoirs: Understanding and Honoring Difficult Experiences. In Proceedings of 
the 2020 CHI Conference on Human Factors in Computing Systems (CHI ’20), 
Association for Computing Machinery, Honolulu, HI, USA, 1–12. 
DOI:https://doi.org/10.1145/3313831.3376345 

[45] José van Dijck. 2011. Flickr and the culture of connectivity: Sharing views, 
experiences, memories. Memory Studies 4, 4 (October 2011), 401–415. 
DOI:https://doi.org/10.1177/1750698010385215 

[46] José van Dijck. 2014. Flickr: Photo Sharing Sites between Collective and 
Connective Memory. In Double Exposure. Routledge. 

[47] Tanja Döring, Axel Sylvester, and Albrecht Schmidt. 2013. Ephemeral user 
interfaces: valuing the aesthetics of interface components that do not last. 
interactions 20, 4 (2013), 32–37. 

[48] Graham Dove, Kim Halskov, Jodi Forlizzi, and John Zimmerman. 2017. UX 
Design Innovation: Challenges for Working with Machine Learning As a Design 
Material. In Proceedings of the 2017 CHI Conference on Human Factors in 
Computing Systems (CHI ’17), ACM, New York, NY, USA, 278–288. 
DOI:https://doi.org/10.1145/3025453.3025739 

[49] Emanuel Felipe Duarte, Yusseli Lizeth Méndez Mendoza, and M. Cecília C. 
Baranauskas. 2020. InsTime: A Case Study on the Co-Design of Interactive 
Installations on Deep Time. In Proceedings of the 2020 ACM Designing 
Interactive Systems Conference (DIS ’20), Association for Computing Machinery, 
New York, NY, USA, 231–242. DOI:https://doi.org/10.1145/3357236.3395554 

[50] Anthony Dunne. 2001. Design noir: the secret life of electronic objects. August ; 
Birkhäuser. 



199 

[51] Abigail Durrant, David Frohlich, Abigail Sellen, and Evanthia Lyons. 2009. Home 
curation versus teenage photography: Photo displays in the family home. 
International Journal of Human-Computer Studies 67, 12 (2009), 1005–1023. 

[52] Abigail Durrant, Alex S. Taylor, David Frohlich, Abigail Sellen, and David Uzzell. 
2009. Photo displays and intergenerational relationships in the family home. In 
Proceedings of the 23rd British HCI Group Annual Conference on People and 
Computers: Celebrating People and Technology (BCS-HCI ’09), BCS Learning & 
Development Ltd., Swindon, GBR, 10–19. 

[53] Abigail Durrant, Alex S. Taylor, Stuart Taylor, Mike Molloy, Abigail Sellen, David 
Frohlich, Phil Gosset, and Laurel Swan. 2008. Speculative devices for photo 
display. In CHI ’08 Extended Abstracts on Human Factors in Computing Systems 
(CHI EA ’08), Association for Computing Machinery, New York, NY, USA, 2297–
2302. DOI:https://doi.org/10.1145/1358628.1358673 

[54] Chris Elsden, Abigail C. Durrant, David Chatting, and David S. Kirk. 2017. 
Designing Documentary Informatics. In Proceedings of the 2017 Conference on 
Designing Interactive Systems, ACM, 649–661. Retrieved from 
http://dl.acm.org/citation.cfm?id=3064714 

[55] Chris Elsden, David S. Kirk, and Abigail C. Durrant. 2016. A Quantified Past: 
Toward Design for Remembering With Personal Informatics. Human–Computer 
Interaction 31, 6 (November 2016), 518–557. 
DOI:https://doi.org/10.1080/07370024.2015.1093422 

[56] Chris Elsden, David Kirk, Mark Selby, and Chris Speed. 2015. Beyond Personal 
Informatics: Designing for Experiences with Data. In Proceedings of the 33rd 
Annual ACM Conference Extended Abstracts on Human Factors in Computing 
Systems (CHI EA ’15), ACM, New York, NY, USA, 2341–2344. 
DOI:https://doi.org/10.1145/2702613.2702632 

[57] Chris Elsden, Mark Selby, Abigail Durrant, and David Kirk. 2016. Fitter, Happier, 
More Productive: What to Ask of a Data-driven Life. interactions 23, 5 (August 
2016), 45–45. DOI:https://doi.org/10.1145/2975388 

[58] Daniel Fallman. 2003. Design-oriented Human-computer Interaction. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’03), ACM, New York, NY, USA, 225–232. 
DOI:https://doi.org/10.1145/642611.642652 

[59] John Fass. 2012. Design for Slow Technology: Intent and Interaction. In 
Workshop on Slow Technology: Critical Reflection and Future Directions in 
Proceedings of the Designing Interactive Systems Conference (DIS ’12), ACM, 
New York, NY, USA. 



200 

[60] Haakon Faste. 2017. Intuition in Design: Reflections on the Iterative Aesthetics of 
Form. In Proceedings of the 2017 CHI Conference on Human Factors in 
Computing Systems (CHI ’17), ACM, New York, NY, USA, 3403–3413. 
DOI:https://doi.org/10.1145/3025453.3025534 

[61] Kieran Fraser and Owen Conlan. 2020. Enticing notification text &amp; the 
impact on engagement. In Adjunct Proceedings of the 2020 ACM International 
Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of 
the 2020 ACM International Symposium on Wearable Computers (UbiComp-
ISWC ’20), Association for Computing Machinery, New York, NY, USA, 444–449. 
DOI:https://doi.org/10.1145/3410530.3414430 

[62] Christopher Frayling. 1994. Research in Art and Design (Royal College of Art 
Research Papers, Vol 1, No 1, 1993/4). Royal College of Art, London. Retrieved 
from http://researchonline.rca.ac.uk/384/ 

[63] Batya Friedman and Lisa P. Nathan. 2010. Multi-lifespan information system 
design: a research initiative for the hci community. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems, ACM, 2243–2246. 
Retrieved September 19, 2015 from http://dl.acm.org/citation.cfm?id=1753665 

[64] Batya Friedman and Daisy Yoo. 2017. Pause: A Multi-lifespan Design 
Mechanism. In Proceedings of the 2017 CHI Conference on Human Factors in 
Computing Systems (CHI ’17), ACM, New York, NY, USA, 460–464. 
DOI:https://doi.org/10.1145/3025453.3026031 

[65] David Frohlich, Allan Kuchinsky, Celine Pering, Abbe Don, and Steven Ariss. 
2002. Requirements for photoware. In Proceedings of the 2002 ACM conference 
on Computer supported cooperative work (CSCW ’02), Association for 
Computing Machinery, New York, NY, USA, 166–175. 
DOI:https://doi.org/10.1145/587078.587102 

[66] David M. Frohlich. 2004. Audiophotography: Bringing Photos to Life with Sounds. 
Springer Science & Business Media. 

[67] David Frohlich and Rachel Murphy. 2000. The Memory Box. Personal 
Technologies 4, 4 (December 2000), 238–240. 
DOI:https://doi.org/10.1007/BF02391566 

[68] Ben Fullerton. 2010. Designing for solitude. interactions 17, 6 (2010), 6–9. 

[69] FutureMe Labs. 2020. FutureMe: Write a Letter to the Future. FutureMe. 
Retrieved November 17, 2020 from https://www.futureme.org 

[70] A. Galani and R. Clarke. 2018. Configuring slow technology through social and 
embodied interaction: making time for reflection in augmenter reality museum 
experiences with young visitors. International Handbook in New Digital Practices 
in Galleries, Libraries, Archives, Museums and Heritage Sites (2018), 257–269. 



201 

[71] Bill Gaver and John Bowers. 2012. Annotated Portfolios. interactions 19, 4 (July 
2012), 40–49. DOI:https://doi.org/10.1145/2212877.2212889 

[72] William Gaver. 2012. What Should We Expect from Research Through Design? 
In Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’12), ACM, New York, NY, USA, 937–946. 
DOI:https://doi.org/10.1145/2207676.2208538 

[73] William Gaver, Andy Boucher, John Bowers, Mark Blythe, Nadine Jarvis, David 
Cameron, Tobie Kerridge, Alex Wilkie, Robert Phillips, and Peter Wright. 2011. 
The Photostroller: Supporting Diverse Care Home Residents in Engaging with 
the World. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (CHI ’11), ACM, New York, NY, USA, 1757–1766. 
DOI:https://doi.org/10.1145/1978942.1979198 

[74] William Gaver, John Bowers, Andrew Boucher, Hans Gellerson, Sarah 
Pennington, Albrecht Schmidt, Anthony Steed, Nicholas Villars, and Brendan 
Walker. 2004. The Drift Table: Designing for Ludic Engagement. In CHI ’04 
Extended Abstracts on Human Factors in Computing Systems (CHI EA ’04), 
ACM, New York, NY, USA, 885–900. DOI:https://doi.org/10.1145/985921.985947 

[75] William Gaver, John Bowers, Andy Boucher, Andy Law, Sarah Pennington, and 
Nicholas Villar. 2006. The History Tablecloth: Illuminating Domestic Activity. In 
Proceedings of the 6th Conference on Designing Interactive Systems (DIS ’06), 
ACM, New York, NY, USA, 199–208. 
DOI:https://doi.org/10.1145/1142405.1142437 

[76] William W. Gaver, John Bowers, Kirsten Boehner, Andy Boucher, David WT 
Cameron, Mark Hauenstein, Nadine Jarvis, and Sarah Pennington. 2013. Indoor 
weather stations: investigating a ludic approach to environmental HCI through 
batch prototyping. In Proceedings of the SIGCHI Conference on Human Factors 
in Computing Systems, ACM, 3451–3460. Retrieved from 
http://dl.acm.org/citation.cfm?id=2466474 

[77] Elisa Giaccardi. 2011. On Pause and Duration, or: the Design of Heritage 
Experience. (July 2011). DOI:https://doi.org/10.14236/ewic/HCI2011.24 

[78] Barney G. Glaser, Anselm L. Strauss, and Anselm L. Strauss. 2017. Discovery of 
Grounded Theory : Strategies for Qualitative Research. Routledge. 
DOI:https://doi.org/10.4324/9780203793206 

[79] Paul Glennie and Nigel Thrift. 2009. Shaping the day: a history of timekeeping in 
England and Wales 1300-1800. Oxford University Press. 

[80] Barbara Grosse-Hering, Jon Mason, Dzmitry Aliakseyeu, Conny Bakker, and 
Pieter Desmet. 2013. Slow design for meaningful interactions. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems, ACM, 3431–
3440. Retrieved from http://dl.acm.org/citation.cfm?id=2466472 



202 

[81] Florian Güldenpfennig, Roman Ganhör, and Geraldine Fitzpatrick. 2017. How to 
Look at Two-sided Photos?: Exploring Novel Perspectives on Digital Images. In 
Proceedings of the 19th International Conference on Human-Computer 
Interaction with Mobile Devices and Services (MobileHCI ’17), ACM, New York, 
NY, USA, 91:1-91:8. DOI:https://doi.org/10.1145/3098279.3122134 

[82] Rebecca Gulotta, Alex Sciuto, Aisling Kelliher, and Jodi Forlizzi. 2015. Curatorial 
Agents: How Systems Shape Our Understanding of Personal and Familial Digital 
Information. In Proceedings of the 33rd Annual ACM Conference on Human 
Factors in Computing Systems (CHI ’15), ACM, New York, NY, USA, 3453–3462. 
DOI:https://doi.org/10.1145/2702123.2702297 

[83] Aakar Gupta, Bo Rui Lin, Siyi Ji, Arjav Patel, and Daniel Vogel. 2020. Replicate 
and Reuse: Tangible Interaction Design for Digitally-Augmented Physical Media 
Objects. In Proceedings of the 2020 CHI Conference on Human Factors in 
Computing Systems. Association for Computing Machinery, New York, NY, USA, 
1–12. Retrieved July 7, 2022 from http://doi.org/10.1145/3313831.3376139 

[84] Lars Hallnäs, Patricija Jaksetic, Peter Ljungstrand, Johan Redström, and Tobias 
Skog. 2001. Expressions: towards a design practice of slow technology. In 
Proceedings of the human–computer interaction conference (Interact ‘01), 
Amsterdam, The Netherlands, 447–454. Retrieved September 26, 2016 from 
https://books.google.ca/books?hl=en&lr=&id=LoR_qZGX8IgC&oi=fnd&pg=PA447
&dq=Expressions:+Towards+a+Design+Practice+of+Slow+Technology&ots=Pe
MyZdOlDJ&sig=P-0xOY5yh_OclO-vFN-zwvNrxsk 

[85] Lars Hallnäs and Johan Redström. 2001. Slow Technology – Designing for 
Reflection. Personal Ubiquitous Comput. 5, 3 (January 2001), 201–212. 
DOI:https://doi.org/10.1007/PL00000019 

[86] Sabrina Hauser, Ron Wakkary, William Odom, Peter-Paul Verbeek, Audrey 
Desjardins, Henry Lin, Matthew Dalton, Markus Schilling, and Gijs de Boer. 2018. 
Deployments of the Table-non-table: A Reflection on the Relation Between 
Theory and Things in the Practice of Design Research. In Proceedings of the 
2018 CHI Conference on Human Factors in Computing Systems (CHI ’18), ACM, 
New York, NY, USA, 201:1-201:13. 
DOI:https://doi.org/10.1145/3173574.3173775 

[87] Daniel Hawkins, Carman Neustaedter, and Jason Procyk. 2015. Postulater: the 
design and evaluation of a time-delayed media sharing system. In Proceedings 
of the 41st Graphics Interface Conference, Canadian Information Processing 
Society, 249–256. 

[88] Stephen Hayward. 2016. Fast and Slow: Design and the Experience of Time. 
Middlesex University, 17 pages. 

[89] Sabrina Helm, Victoria Ligon, Tony Stovall, and Silvia Riper. 2018. Consumer 
interpretations of digital ownership in the book market. Electronic Markets 28, 2 
(2018), 177–189. DOI:https://doi.org/10.1007/s12525-018-0293-6 



203 

[90] John Helmes, Alex S. Taylor, Xiang Cao, Kristina Höök, Peter Schmitt, and 
Nicolas Villar. 2011. Rudiments 1, 2 & 3: Design Speculations on Autonomy. In 
Proceedings of the Fifth International Conference on Tangible, Embedded, and 
Embodied Interaction (TEI ’11), ACM, New York, NY, USA, 145–152. 
DOI:https://doi.org/10.1145/1935701.1935730 

[91] Luc Hermans, Mendel Broekhuijsen, and Panos Markopoulos. 2017. Memora: A 
Design for Teenagers to Connect Virtual and Physical Possessions. In 
Proceedings of the European Conference on Cognitive Ergonomics 2017 (ECCE 
2017), ACM, New York, NY, USA, 121–128. 
DOI:https://doi.org/10.1145/3121283.3121312 

[92] Daniel Herron, Wendy Moncur, and Elise van den Hoven. 2016. Digital 
Possessions After a Romantic Break Up. In Proceedings of the 9th Nordic 
Conference on Human-Computer Interaction (NordiCHI ’16), ACM, New York, 
NY, USA, 36:1-36:10. DOI:https://doi.org/10.1145/2971485.2971539 

[93] Daniel Herron, Wendy Moncur, and Elise van den Hoven. 2017. Digital 
Decoupling and Disentangling: Towards Design for Romantic Break Up. In 
Proceedings of the 2017 Conference on Designing Interactive Systems (DIS ’17), 
ACM, New York, NY, USA, 1175–1185. 
DOI:https://doi.org/10.1145/3064663.3064765 

[94] Yasamin Heshmat, Carman Neustaedter, Kyle McCaffrey, William Odom, Ron 
Wakkary, and Zikun Yang. 2020. FamilyStories: Asynchronous Audio Storytelling 
for Family Members Across Time Zones. In Proceedings of the 2020 CHI 
Conference on Human Factors in Computing Systems (CHI ’20), Association for 
Computing Machinery, Honolulu, HI, USA, 1–14. 
DOI:https://doi.org/10.1145/3313831.3376486 

[95] Otmar Hilliges and David Stanley Kirk. 2009. Getting sidetracked: display design 
and occasioning photo-talk with the photohelix. ACM, 1733–1736. 
DOI:https://doi.org/10.1145/1518701.1518967 

[96] Kristina Höök and Jonas Löwgren. 2012. Strong Concepts: Intermediate-level 
Knowledge in Interaction Design Research. ACM Trans. Comput.-Hum. Interact. 
19, 3 (October 2012), 23:1-23:18. DOI:https://doi.org/10.1145/2362364.2362371 

[97] Nafeez Zawad Hossain, Tanjima Nasreen Jenia, Md. Samshad Rahman, Sofen 
Hoque Anonta, and Khandaker Tabin Hasan. 2020. A Context-Based Searching 
Technique by Extraction and Fusion of Metadata of Digital Photos. In 
Proceedings of the International Conference on Computing Advancements (ICCA 
2020), Association for Computing Machinery, New York, NY, USA, 1–7. 
DOI:https://doi.org/10.1145/3377049.3377061 

[98] Elise van den Hoven. 2014. A future-proof past: Designing for remembering 
experiences. Memory Studies 7, 3 (July 2014), 370–384. 
DOI:https://doi.org/10.1177/1750698014530625 



204 

[99] Elise van den Hoven and Berry Eggen. 2008. Informing augmented memory 
system design through autobiographical memory theory. Pers Ubiquit Comput 
12, 6 (August 2008), 433–443. DOI:https://doi.org/10.1007/s00779-007-0177-9 

[100] Elise van den Hoven and Berry Eggen. 2014. The cue is key: Design for real-life 
remembering. Zeitschrift für Psychologie 222, 2 (2014), 110–117. 
DOI:https://doi.org/10.1027/2151-2604/a000172 

[101] Chung-Ching Huang and Erik Stolterman. 2011. Temporality in Interaction 
Design. In Proceedings of the 2011 Conference on Designing Pleasurable 
Products and Interfaces (DPPI ’11), ACM, New York, NY, USA, 62:1-62:8. 
DOI:https://doi.org/10.1145/2347504.2347572 

[102] Xin Huang, Kazuki Takashima, Kazuyuki Fujita, and Yoshifumi Kitamura. 2018. 
Dynamic, Flexible and Multi-dimensional Visualization of Digital Photos and their 
Metadata. In Proceedings of the 2018 ACM International Conference on 
Interactive Surfaces and Spaces (ISS ’18), Association for Computing Machinery, 
New York, NY, USA, 405–408. DOI:https://doi.org/10.1145/3279778.3279923 

[103] Jina Huh, Mark S. Ackerman, Thomas Erickson, Steve Harrison, and Phoebe 
Sengers. 2007. Beyond usability: taking social, situational, cultural, and other 
contextual factors into account. In CHI’07 Extended Abstracts on Human Factors 
in Computing Systems, ACM, 2113–2116. Retrieved from 
http://dl.acm.org/citation.cfm?id=1240961 

[104] Hilary Hutchinson, Wendy Mackay, Bo Westerlund, Benjamin B. Bederson, 
Allison Druin, Catherine Plaisant, Michel Beaudouin-Lafon, Stéphane Conversy, 
Helen Evans, Heiko Hansen, Nicolas Roussel, and Björn Eiderbäck. 2003. 
Technology Probes: Inspiring Design for and with Families. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (CHI ’03), ACM, 
New York, NY, USA, 17–24. DOI:https://doi.org/10.1145/642611.642616 

[105] Hyerin Im, Taewan Kim, Eunhee Jung, Bonhee Ku, Seungho Baek, and Tak 
Yeon Lee. 2022. Virfie: Virtual Group Selfie Station for Remote Togetherness. In 
Extended Abstracts of the 2022 CHI Conference on Human Factors in 
Computing Systems (CHI EA ’22), Association for Computing Machinery, New 
York, NY, USA, 1–6. DOI:https://doi.org/10.1145/3491101.3519767 

[106] Hiroshi Ishii, Craig Wisneski, Scott Brave, Andrew Dahley, Matt Gorbet, Brygg 
Ullmer, and Paul Yarin. 1998. ambientROOM: integrating ambient media with 
architectural space. In CHI 98 conference summary on Human factors in 
computing systems, ACM, 173–174. Retrieved from 
http://dl.acm.org/citation.cfm?id=286652 

[107] Sangu Jang, Woojin Lee, Beom Kim, William Odom, and Young-Woo Park. 
2022. Encountering Cover Versions of Songs Derived from Personal Music-
Listening History Data: a Design and Field Trial of Musée in Homes. Interacting 
with Computers 34, 1 (October 2022), 24–42. 
DOI:https://doi.org/10.1093/iwc/iwac027 



205 

[108] Lars-Erik Janlert and Erik Stolterman. 2017. Things That Keep Us Busy: The 
Elements of Interaction. The MIT Press. 

[109] Martijn Jansen, Elise Hoven, and David Frohlich. 2014. Pearl: Living Media 
Enabled by Interactive Photo Projection. Personal Ubiquitous Comput. 18, 5 
(June 2014), 1259–1275. DOI:https://doi.org/10.1007/s00779-013-0691-x 

[110] Nadine Jarvis, David Cameron, and Andy Boucher. 2012. Attention to Detail: 
Annotations of a Design Process. In Proceedings of the 7th Nordic Conference 
on Human-Computer Interaction: Making Sense Through Design (NordiCHI ’12), 
ACM, New York, NY, USA, 11–20. DOI:https://doi.org/10.1145/2399016.2399019 

[111] Javier Roger Juan. 2017. Vera Rubin. Retrieved March 12, 2018 from http://iglu-
biblioteka.blogspot.com/2017/02/hemeroteca-mujeres-ciencia-vera-
rubin.html?spref=pi 

[112] Vaiva Kalnikaite, Abigail Sellen, Steve Whittaker, and David Kirk. 2010. Now Let 
Me See Where I Was: Understanding How Lifelogs Mediate Memory. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’10), ACM, New York, NY, USA, 2045–2054. 
DOI:https://doi.org/10.1145/1753326.1753638 

[113] Kyung Jin Kim, Sangsu Jang, Bomin Kim, Hyosun Kwon, and Young-Woo Park. 
2019. muRedder: Shredding Speaker for Ephemeral Musical Experience. In 
Proceedings of the 2019 on Designing Interactive Systems Conference (DIS ’19), 
ACM, New York, NY, USA, 127–134. 
DOI:https://doi.org/10.1145/3322276.3322362 

[114] Subin Kim, Sangsu Jang, Jin-young Moon, Minjoo Han, and Young-Woo Park. 
2022. Slide2Remember: an Interactive Wall Frame Enriching Reminiscence 
Experiences by Providing Re-encounters of Taken Photos and Heard Music in a 
Similar Period. In Designing Interactive Systems Conference (DIS ’22), 
Association for Computing Machinery, New York, NY, USA, 288–300. 
DOI:https://doi.org/10.1145/3532106.3533456 

[115] David Kirk, Abigail Sellen, Carsten Rother, and Ken Wood. 2006. Understanding 
Photowork. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (CHI ’06), ACM, New York, NY, USA, 761–770. 
DOI:https://doi.org/10.1145/1124772.1124885 

[116] Stacey Kuznetsov, Will Harrigan-Anderson, Haakon Faste, Scott E. Hudson, and 
Eric Paulos. 2013. Community Engagements with Living Sensing Systems. In 
Proceedings of the 9th ACM Conference on Creativity & Cognition (C&C ’13), 
ACM, New York, NY, USA, 213–222. 
DOI:https://doi.org/10.1145/2466627.2466638 

[117] David S. Landes. 1984. Revolution in time: clocks and the making of the modern 
world. Harvard University Press. 



206 

[118] Tuck W Leong, Frank Vetere, and Steve Howard. 2005. The Serendipity Shuffle. 
In Proceedings of the 17th Australia Conference on Computer-Human 
Interaction: Citizens Online: Considerations for Today and the Future (OZCHI 
’05), Computer-Human Interaction Special Interest Group (CHISIG) of Australia, 
Narrabundah, Australia, Australia, 1–4. Retrieved September 18, 2018 from 
http://dl.acm.org/citation.cfm?id=1108368.1108428 

[119] Tuck Wah Leong, Frank Vetere, and Steve Howard. 2006. Randomness As a 
Resource for Design. In Proceedings of the 6th Conference on Designing 
Interactive Systems (DIS ’06), ACM, New York, NY, USA, 132–139. 
DOI:https://doi.org/10.1145/1142405.1142428 

[120] Tuck Wah Leong, Peter Wright, Frank Vetere, and Steve Howard. 2010. 
Understanding Experience Using Dialogical Methods: The Case of Serendipity. 
In Proceedings of the 22Nd Conference of the Computer-Human Interaction 
Special Interest Group of Australia on Computer-Human Interaction (OZCHI ’10), 
ACM, New York, NY, USA, 256–263. 
DOI:https://doi.org/10.1145/1952222.1952278 

[121] Gilly Leshed. 2012. Slowing down with personal productivity tools. interactions 
19, 1 (2012), 58–63. 

[122] David Lewis. 1983. Extrinsic properties. Philosophical Studies 44, 2 (1983), 197–
200. 

[123] Tianshi Li, Julia Katherine Haines, Miguel Flores Ruiz De Eguino, Jason I. Hong, 
and Jeffrey Nichols. 2023. Alert Now or Never: Understanding and Predicting 
Notification Preferences of Smartphone Users. ACM Trans. Comput.-Hum. 
Interact. 29, 5 (January 2023), 39:1-39:33. DOI:https://doi.org/10.1145/3478868 

[124] Rung-huei Liang. 2012. Designing for Unexpected Encounters with Digital 
Products: Case Studies of Serendipity as Felt Experience. IJDesign 6, 1 (2012), 
41–58. 

[125] Youn-kyung Lim, Daesung Kim, Jaesung Jo, and Jong-bum Woo. 2013. 
Discovery-Driven Prototyping for User-Driven Creativity. IEEE Pervasive 
Computing 12, 3 (July 2013), 74–80. DOI:https://doi.org/10.1109/MPRV.2012.57 

[126] Siân Lindley. 2015. Making Time. In Proceedings of the 18th ACM Conference 
on Computer Supported Cooperative Work & Social Computing (CSCW ’15), 
ACM, New York, NY, USA, 1442–1452. 
DOI:https://doi.org/10.1145/2675133.2675157 

[127] Siân Lindley, Robert Corish, Elsa Kosmack Vaara, Pedro Ferreira, and Vygandas 
Simbelis. 2013. Changing perspectives of time in HCI. In CHI ’13 Extended 
Abstracts on Human Factors in Computing Systems (CHI EA ’13), Association for 
Computing Machinery, Paris, France, 3211–3214. 
DOI:https://doi.org/10.1145/2468356.2479649 



207 

[128] Siân E. Lindley. 2012. Before I Forget: From Personal Memory to Family History. 
Human–Computer Interaction 27, 1–2 (April 2012), 13–36. 
DOI:https://doi.org/10.1080/07370024.2012.656065 

[129] Jonas Löwgren. 2013. Annotated Portfolios and Other Forms of Intermediate-
level Knowledge. interactions 20, 1 (January 2013), 30–34. 
DOI:https://doi.org/10.1145/2405716.2405725 

[130] Sus Lundgren. 2013. Toying with Time: Considering Temporal Themes in 
Interactive Artifacts. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’13), ACM, New York, NY, USA, 1639–1648. 
DOI:https://doi.org/10.1145/2470654.2466217 

[131] Alexandria M. Luxon, C. Elizabeth Hamilton, Sage Bates, and Gregory S. 
Chasson. 2019. Pinning our possessions: Associations between digital hoarding 
and symptoms of hoarding disorder. Journal of Obsessive-Compulsive and 
Related Disorders 21, (2019), 60–68. 
DOI:https://doi.org/10.1016/j.jocrd.2018.12.007 

[132] Jennifer Mankoff, Anind K. Dey, Gary Hsieh, Julie Kientz, Scott Lederer, and 
Morgan Ames. 2003. Heuristic evaluation of ambient displays. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems (CHI ’03), 
Association for Computing Machinery, Ft. Lauderdale, Florida, USA, 169–176. 
DOI:https://doi.org/10.1145/642611.642642 

[133] Jonathan Martineau. 2012. Time, capitalism, and alienation: social time relations, 
clock-time and the making of world standard time. (May 2012). Retrieved 
November 10, 2020 from 
https://yorkspace.library.yorku.ca/xmlui/handle/10315/31940 

[134] Jonathan Martineau. 2015. Time, Capitalism and Alienation: A Socio-Historical 
Inquiry into the Making of Modern Time. Brill. 

[135] Jonathan Martineau. 2017. Making sense of the history of clock-time, reflections 
on Glennie and Thrift’s Shaping the Day. Time & Society 26, 3 (November 2017), 
305–320. DOI:https://doi.org/10.1177/0961463X15577281 

[136] Ramia Mazé and Johan Redström. 2005. Form and the computational object. 
Digital Creativity 16, 1 (January 2005), 7–18. 
DOI:https://doi.org/10.1080/14626260500147736 

[137] Melissa Mazmanian and Ingrid Erickson. 2014. The Product of Availability: 
Understanding the Economic Underpinnings of Constant Connectivity. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’14), ACM, New York, NY, USA, 763–772. 
DOI:https://doi.org/10.1145/2556288.2557381 



208 

[138] Melissa Mazmanian, Ingrid Erickson, and Ellie Harmon. 2015. Circumscribed 
Time and Porous Time: Logics as a Way of Studying Temporality. In 
Proceedings of the 18th ACM Conference on Computer Supported Cooperative 
Work & Social Computing (CSCW ’15), Association for Computing Machinery, 
New York, NY, USA, 1453–1464. DOI:https://doi.org/10.1145/2675133.2675231 

[139] David McGookin. 2019. Reveal: Investigating Proactive Location-Based 
Reminiscing with Personal Digital Photo Repositories. In Proceedings of the 
2019 CHI Conference on Human Factors in Computing Systems. Association for 
Computing Machinery, New York, NY, USA, 1–14. Retrieved January 7, 2022 
from https://doi.org/10.1145/3290605.3300665 

[140] Mary Meeker. 2016. Internet Trends Report. In CODE Conference 2016. Rancho 
Palos Verdes, California, United States. Retrieved January 22, 2020 from 
https://www.vox.com/2018/5/30/17385116/mary-meeker-slides-internet-trends-
code-conference-2018 

[141] Philip Mendels, Joep Frens, and Kees Overbeeke. 2011. Freed: A System for 
Creating Multiple Views of a Digital Collection During the Design Process. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’11), ACM, New York, NY, USA, 1481–1490. 
DOI:https://doi.org/10.1145/1978942.1979160 

[142] Matthew B. Miles and A. Michael Huberman. 1985. Qualitative data analysis. 
Sage Newbury Park,, CA. Retrieved January 11, 2017 from 
http://researchtalk.com/wp-content/uploads/2014/01/Miles-Huberman-Saldana-
Drawing-and-Verifying-Conclusions.pdf 

[143] Ine Mols, Elise van den Hoven, and Berry Eggen. 2014. Making memories: a 
cultural probe study into the remembering of everyday life. In Proceedings of the 
8th Nordic Conference on Human-Computer Interaction: Fun, Fast, Foundational 
(NordiCHI ’14), Association for Computing Machinery, New York, NY, USA, 256–
265. DOI:https://doi.org/10.1145/2639189.2639209 

[144] Ine Mols, Elise van den Hoven, and Berry Eggen. 2017. Balance, Cogito and 
Dott: Exploring Media Modalities for Everyday-life Reflection. In Proceedings of 
the Eleventh International Conference on Tangible, Embedded, and Embodied 
Interaction (TEI ’17), ACM, New York, NY, USA, 427–433. 
DOI:https://doi.org/10.1145/3024969.3025069 

[145] Ine Mols, Elise van den Hoven, and Berry Eggen. 2020. Everyday Life Reflection: 
Exploring Media Interaction with Balance, Cogito &amp; Dott. In Proceedings of 
the Fourteenth International Conference on Tangible, Embedded, and Embodied 
Interaction (TEI ’20), Association for Computing Machinery, New York, NY, USA, 
67–79. DOI:https://doi.org/10.1145/3374920.3374928 

[146] Wolfgang Nejdl and Claudia Niederée. 2015. Photos to Remember, Photos to 
Forget. IEEE MultiMedia 22, 1 (January 2015), 6–11. 
DOI:https://doi.org/10.1109/MMUL.2015.12 



209 

[147] Harold Nelson and Erik Stolterman. 2003. Design Way: Intentional Change in an 
Unpredictable World - Foundations and Fundamentals of Design Competence. 
Educational Technology Publications, Englewood Cliffs, NJ, USA. 

[148] Carman Neustaedter and Phoebe Sengers. 2012. Autobiographical design in 
HCI research: designing and learning through use-it-yourself. In Proceedings of 
the Designing Interactive Systems Conference (DIS ’12), Association for 
Computing Machinery, Newcastle Upon Tyne, United Kingdom, 514–523. 
DOI:https://doi.org/10.1145/2317956.2318034 

[149] Helga Nowotny. 1992. Time and Social Theory: Towards a Social Theory of 
Time. Time & Society 1, 3 (September 1992), 421–454. 
DOI:https://doi.org/10.1177/0961463X92001003006 

[150] Helga Nowotny. 2018. Time: The modern and postmodern experience. John 
Wiley & Sons. 

[151] Michael Nunes, Saul Greenberg, and Carman Neustaedter. 2008. Sharing Digital 
Photographs in the Home Through Physical Mementos, Souvenirs, and 
Keepsakes. In Proceedings of the 7th ACM Conference on Designing Interactive 
Systems (DIS ’08), ACM, New York, NY, USA, 250–260. 
DOI:https://doi.org/10.1145/1394445.1394472 

[152] Marianna Obrist, Rob Comber, Sriram Subramanian, Betina Piqueras-Fiszman, 
Carlos Velasco, and Charles Spence. 2014. Temporal, affective, and embodied 
characteristics of taste experiences: A framework for design. In Proceedings of 
the SIGCHI conference on human factors in computing systems, 2853–2862. 

[153] Marianna Obrist, Alexandre N. Tuch, and Kasper Hornbaek. 2014. Opportunities 
for odor: experiences with smell and implications for technology. In Proceedings 
of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’14), 
Association for Computing Machinery, New York, NY, USA, 2843–2852. 
DOI:https://doi.org/10.1145/2556288.2557008 

[154] William Odom. 2015. Understanding Long-Term Interactions with a Slow 
Technology: an Investigation of Experiences with FutureMe. ACM, 575–584. 
DOI:https://doi.org/10.1145/2702123.2702221 

[155] William Odom, Tal Amram, Amy Yo Sue Chen, Henry Lin, Jordan White, and Min 
Young Yoo. 2019. Reflective Knoweldge Production through a Designer-
Researcher Approach. In Workshop Proceedings of First-Person Research in 
HCI, San Diego, USA. 

[156] William Odom, Richard Banks, Abigail Durrant, David Kirk, and James Pierce. 
2012. Slow Technology: Critical Reflection and Future Directions. In Proceedings 
of the Designing Interactive Systems Conference (DIS ’12), ACM, New York, NY, 
USA, 816–817. DOI:https://doi.org/10.1145/2317956.2318088 



210 

[157] William Odom, Ishac Bertran, Garnet Hertz, Henry Lin, Amy Yo Sue Chen, Matt 
Harkness, and Ron Wakkary. 2019. Unpacking the Thinking and Making Behind 
a Slow Technology Research Product with Slow Game. In Proceedings of the 
2019 on Creativity and Cognition (C&amp;C ’19), Association for Computing 
Machinery, San Diego, CA, USA, 15–28. 
DOI:https://doi.org/10.1145/3325480.3326567 

[158] William Odom and Tijs Duel. 2018. On the Design of OLO Radio: Investigating 
Metadata As a Design Material. In Proceedings of the 2018 CHI Conference on 
Human Factors in Computing Systems (CHI ’18), ACM, New York, NY, USA, 
104:1-104:9. DOI:https://doi.org/10.1145/3173574.3173678 

[159] William Odom, Siân Lindley, Larissa Pschetz, Vasiliki Tsaknaki, Anna Vallgårda, 
Mikael Wiberg, and Daisy Yoo. 2018. Time, Temporality, and Slowness: Future 
Directions for Design Research. In Proceedings of the 2018 ACM Conference 
Companion Publication on Designing Interactive Systems (DIS ’18 Companion), 
Association for Computing Machinery, Hong Kong, China, 383–386. 
DOI:https://doi.org/10.1145/3197391.3197392 

[160] William Odom, Mark Selby, Abigail Sellen, David Kirk, Richard Banks, and Tim 
Regan. 2012. Photobox: On the Design of a Slow Technology. In Proceedings of 
the Designing Interactive Systems Conference (DIS ’12), ACM, New York, NY, 
USA, 665–668. DOI:https://doi.org/10.1145/2317956.2318055 

[161] William Odom, Abi Sellen, Richard Harper, and Eno Thereska. 2012. Lost in 
Translation: Understanding the Possession of Digital Things in the Cloud. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’12), ACM, New York, NY, USA, 781–790. 
DOI:https://doi.org/10.1145/2207676.2207789 

[162] William Odom, Abigail Sellen, Richard Banks, David Kirk, Tim Regan, Mark 
Selby, Jodi Forlizzi, and John Zimmerman. 2014. Designing for Slowness, 
Anticipation and Re-visitation: A Long Term Field Study of the Photobox. In 
Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (CHI ’14), ACM, New York, NY, USA, 1961–1970. 
DOI:https://doi.org/10.1145/2556288.2557178 

[163] William Odom, Erik Stolterman, and Amy Yo Sue Chen. 2022. Extending a 
Theory of Slow Technology for Design through Artifact Analysis. Human–
Computer Interaction 37, 2 (2022), 150–179. 
DOI:https://doi.org/10.1080/07370024.2021.1913416 

[164] William T. Odom, Abigail J. Sellen, Richard Banks, David S. Kirk, Tim Regan, 
Mark Selby, Jodi L. Forlizzi, and John Zimmerman. 2014. Designing for 
Slowness, Anticipation and Re-visitation: A Long Term Field Study of the 
Photobox. In Proceedings of the 32Nd Annual ACM Conference on Human 
Factors in Computing Systems (CHI ’14), ACM, New York, NY, USA, 1961–1970. 
DOI:https://doi.org/10.1145/2556288.2557178 



211 

[165] William Odom, Daisuke Uriu, David Kirk, Richard Banks, and Ron Wakkary. 
2018. Experiences in Designing Technologies for Honoring Deceased Loved 
Ones. Design Issues 34, 1 (2018), 54–66. 
DOI:https://doi.org/10.1162/DESI_a_00476 

[166] William Odom, Ron Wakkary, Ishac Bertran, Matthew Harkness, Garnet Hertz, 
Jeroen Hol, Henry Lin, Bram Naus, Perry Tan, and Pepijn Verburg. 2018. 
Attending to Slowness and Temporality with Olly and Slow Game: A Design 
Inquiry Into Supporting Longer-Term Relations with Everyday Computational 
Objects. In Proceedings of the 2018 CHI Conference on Human Factors in 
Computing Systems (CHI ’18), ACM, New York, NY, USA, 77:1-77:13. 
DOI:https://doi.org/10.1145/3173574.3173651 

[167] William Odom, Ron Wakkary, Jeroen Hol, Bram Naus, Pepijn Verburg, Tal 
Amram, and Amy Yo Sue Chen. 2019. Investigating Slowness As a Frame to 
Design Longer-Term Experiences with Personal Data: A Field Study of Olly. In 
Proceedings of the 2019 CHI Conference on Human Factors in Computing 
Systems (CHI ’19), ACM, New York, NY, USA, 34:1-34:16. 
DOI:https://doi.org/10.1145/3290605.3300264 

[168] William Odom, Ron Wakkary, Youn-kyung Lim, Audrey Desjardins, Bart 
Hengeveld, and Richard Banks. 2016. From Research Prototype to Research 
Product. In Proceedings of the 2016 CHI Conference on Human Factors in 
Computing Systems (CHI ’16), ACM, New York, NY, USA, 2549–2561. 
DOI:https://doi.org/10.1145/2858036.2858447 

[169] William Odom, MinYoung Yoo, Henry Lin, Tijs Duel, Tal Amram, and Amy Yo 
Sue Chen. 2020. Exploring the Reflective Potentialities of Personal Data with 
Different Temporal Modalities: A Field Study of Olo Radio. In Proceedings of the 
2020 ACM Designing Interactive Systems Conference (DIS ’20), Association for 
Computing Machinery, New York, NY, USA, 283–295. 
DOI:https://doi.org/10.1145/3357236.3395438 

[170] William Odom, John Zimmerman, and Jodi Forlizzi. 2014. Placelessness, 
Spacelessness, and Formlessness: Experiential Qualities of Virtual Possessions. 
In Proceedings of the 2014 Conference on Designing Interactive Systems (DIS 
’14), ACM, New York, NY, USA, 985–994. 
DOI:https://doi.org/10.1145/2598510.2598577 

[171] Daniel Orth, Clementine Thurgood, and Elise van den Hoven. 2020. Embodying 
Meaningful Digital Media: A Strategy to Design for Product Attachment in the 
Digital Age. In Proceedings of the Fourteenth International Conference on 
Tangible, Embedded, and Embodied Interaction (TEI ’20), Association for 
Computing Machinery, New York, NY, USA, 81–94. 
DOI:https://doi.org/10.1145/3374920.3374921 



212 

[172] Fatih Kursat Ozenc, Miso Kim, John Zimmerman, Stephen Oney, and Brad 
Myers. 2010. How to Support Designers in Getting Hold of the Immaterial 
Material of Software. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’10), ACM, New York, NY, USA, 2513–2522. 
DOI:https://doi.org/10.1145/1753326.1753707 

[173] Jay Patrikios and Matt Sly. 2007. Dear Future Me: Hopes, Fears, Secrets, 
Resolutions. (2007). 

[174] S. Tejaswi Peesapati, Victoria Schwanda, Johnathon Schultz, Matt Lepage, So-
yae Jeong, and Dan Cosley. 2010. Pensieve: Supporting Everyday 
Reminiscence. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (CHI ’10), ACM, New York, NY, USA, 2027–2036. 
DOI:https://doi.org/10.1145/1753326.1753635 

[175] Daniela Petrelli, Nicolas Villar, Vaiva Kalnikaite, Lina Dib, and Steve Whittaker. 
2010. FM Radio: Family Interplay with Sonic Mementos. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (CHI ’10), ACM, 
New York, NY, USA, 2371–2380. DOI:https://doi.org/10.1145/1753326.1753683 

[176] James Pierce. 2014. On the Presentation and Production of Design Research 
Artifacts in HCI. In Proceedings of the 2014 Conference on Designing Interactive 
Systems (DIS ’14), ACM, New York, NY, USA, 735–744. 
DOI:https://doi.org/10.1145/2598510.2598525 

[177] James Pierce and Eric Paulos. 2015. Making Multiple Uses of the Obscura 1C 
Digital Camera: Reflecting on the Design, Production, Packaging and Distribution 
of a Counterfunctional Device. In Proceedings of the 33rd Annual ACM 
Conference on Human Factors in Computing Systems (CHI ’15), ACM, New 
York, NY, USA, 2103–2112. DOI:https://doi.org/10.1145/2702123.2702405 

[178] Huw Price. 1997. Time’s Arrow and Archimedes’ Point-New Directions for the 
Physics of Time. Oxford University Press. 

[179] Larissa Pschetz. 2015. Isn’t It Time to Change the Way We Think About Time? 
interactions 22, 5 (August 2015), 58–61. DOI:https://doi.org/10.1145/2809502 

[180] Larissa Pschetz and Richard Banks. 2013. Long living chair. In CHI’13 Extended 
Abstracts on Human Factors in Computing Systems, ACM, 2983–2986. 
Retrieved October 16, 2016 from http://dl.acm.org/citation.cfm?id=2479590 

[181] Larissa Pschetz and Michelle Bastian. 2018. Temporal Design: Rethinking time 
in design. Design Studies 56, (May 2018), 169–184. 
DOI:https://doi.org/10.1016/j.destud.2017.10.007 



213 

[182] Larissa Pschetz, Michelle Bastian, and Chris Speed. 2016. Temporal design: 
looking at time as social coordination. In Proceedings of the Design Research 
Society Conference (RTD’16). http://www. drs2016. org/442. Retrieved from 
https://www.researchgate.net/profile/Michelle_Bastian/publication/305989667_Te
mporal_design_looking_at_time_as_social_coordination/links/57a87fbd08aed76
703f6973e.pdf 

[183] Jörgen Rahm-Skågeby and Lina Rahm. 2022. HCI and deep time: toward deep 
time design thinking. Human–Computer Interaction 37, 1 (January 2022), 15–28. 
DOI:https://doi.org/10.1080/07370024.2021.1902328 

[184] Amon Rapp. 2022. How do people experience the temporality of everyday life 
changes? Towards the exploration of existential time in HCI. International Journal 
of Human-Computer Studies 167, (November 2022), 102899. 
DOI:https://doi.org/10.1016/j.ijhcs.2022.102899 

[185] Amon Rapp, William Odom, Larissa Pschetz, and Daniela Petrelli. 2022. 
Introduction to the special issue on time and HCI. Human–Computer Interaction 
37, 1 (January 2022), 1–14. DOI:https://doi.org/10.1080/07370024.2021.1955681 

[186] Johan Redström. 2017. Making Design Theory. MIT Press. 
DOI:https://doi.org/10.7551/mitpress/11160.001.0001 

[187] Tim Regan. 2012. Engineering Slow Technologies. In Workshop on Slow 
Technology: Critical Reflection and Future Directions in Proceedings of the 
Designing Interactive Systems Conference (DIS ’12), ACM, New York, NY, USA. 

[188] Tim Regan, Richard Harper, Tuck Wah Leong, Tuck Wah Leong, and Tuck Wah 
Leong. 2011. Nudging Towards Serendipity: A Case with Personal Digital 
Photos. Proceedings of the 25th BCS Conference on Human-Computer 
Interaction (2011), 385–394. 

[189] John Rooksby, Mattias Rost, Alistair Morrison, and Matthew Chalmers. 2014. 
Personal Tracking As Lived Informatics. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (CHI ’14), ACM, New 
York, NY, USA, 1163–1172. DOI:https://doi.org/10.1145/2556288.2557039 

[190] Daniela Rosner and Alex Taylor. 2011. Antiquarian answers: book restoration as 
a resource for design. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (CHI ’11), Association for Computing Machinery, 
Vancouver, BC, Canada, 2665–2668. 
DOI:https://doi.org/10.1145/1978942.1979332 

[191] Carlo Rovelli. 2018. The Order of Time. Penguin. 

[192] David C. Rubin and Dorthe Berntsen. 2009. The frequency of voluntary and 
involuntary autobiographical memories across the life span. Memory & Cognition 
37, 5 (July 2009), 679–688. DOI:https://doi.org/10.3758/37.5.679 



214 

[193] Douglas Rushkoff. 2013. Present Shock: When Everything Happens Now. 
Penguin. 

[194] Johnny Saldaña. 2015. The coding manual for qualitative researchers. Sage. 

[195] Pedro Sanches, Noura Howell, Vasiliki Tsaknaki, Tom Jenkins, and Karey 
Helms. 2022. Diffraction-in-action: Designerly Explorations of Agential Realism 
Through Lived Data. In Proceedings of the 2022 CHI Conference on Human 
Factors in Computing Systems (CHI ’22), Association for Computing Machinery, 
New York, NY, USA, 1–18. DOI:https://doi.org/10.1145/3491102.3502029 

[196] Corina Sas, Scott Challioner, Christopher Clarke, Ross Wilson, Alina Coman, 
Sarah Clinch, Mike Harding, and Nigel Davies. 2015. Self-Defining Memory 
Cues: Creative Expression and Emotional Meaning. In Proceedings of the 33rd 
Annual ACM Conference Extended Abstracts on Human Factors in Computing 
Systems (CHI EA ’15), Association for Computing Machinery, New York, NY, 
USA, 2013–2018. DOI:https://doi.org/10.1145/2702613.2732842 

[197] Corina Sas and Steve Whittaker. 2013. Design for Forgetting: Disposing of 
Digital Possessions After a Breakup. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’13), ACM, New York, NY, USA, 
1823–1832. DOI:https://doi.org/10.1145/2470654.2466241 

[198] Corina Sas, Steve Whittaker, and John Zimmerman. 2016. Design for Rituals of 
Letting Go: An Embodiment Perspective on Disposal Practices Informed by Grief 
Therapy. ACM Trans. Comput.-Hum. Interact. 23, 4 (August 2016), 21:1-21:37. 
DOI:https://doi.org/10.1145/2926714 

[199] Donald A. Schon. 1992. Designing as reflective conversation with the materials 
of a design situation. Research in Engineering Design 3, 3 (September 1992), 
131–147. DOI:https://doi.org/10.1007/BF01580516 

[200] Donald Schön and John Bennett. 1996. Reflective conversation with materials. In 
Bringing design to software. Association for Computing Machinery, New York, 
NY, USA, 171–189. Retrieved January 22, 2020 from 
http://doi.org/10.1145/229868.230044 

[201] Victoria Schwanda Sosik, Xuan Zhao, and Dan Cosley. 2012. See Friendship, 
Sort of: How Conversation and Digital Traces Might Support Reflection on 
Friendships. In Proceedings of the ACM 2012 Conference on Computer 
Supported Cooperative Work (CSCW ’12), ACM, New York, NY, USA, 1145–
1154. DOI:https://doi.org/10.1145/2145204.2145374 

[202] Irving Seidman. 2006. Interviewing As Qualitative Research : A Guide for 
Researchers in Education and the Social Sciences. Teachers College Press, 
New York. Retrieved April 11, 2020 from 
http://proxy.lib.sfu.ca/login?url=https://search.ebscohost.com/login.aspx?direct=tr
ue&db=nlebk&AN=158421&site=ehost-live 



215 

[203] Mark Selby and David Kirk. 2015. Experiential manufacturing: The earthquake 
shelf. In Proc. of RTD 2015 Conference on Research Through Design. 

[204] Abigail J. Sellen, Andrew Fogg, Mike Aitken, Steve Hodges, Carsten Rother, and 
Ken Wood. 2007. Do life-logging technologies support memory for the past? an 
experimental study using sensecam. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (CHI ’07), Association for Computing 
Machinery, New York, NY, USA, 81–90. 
DOI:https://doi.org/10.1145/1240624.1240636 

[205] Abigail J. Sellen and Steve Whittaker. 2010. Beyond total capture: a constructive 
critique of lifelogging. Commun. ACM 53, 5 (May 2010), 70–77. 
DOI:https://doi.org/10.1145/1735223.1735243 

[206] Phoebe Sengers. 2011. What I Learned on Change Islands: Reflections on IT 
and Pace of Life. interactions 18, 2 (March 2011), 40–48. 
DOI:https://doi.org/10.1145/1925820.1925830 

[207] Phoebe Sengers, Kirsten Boehner, Shay David, and Joseph “Jofish” Kaye. 2005. 
Reflective Design. In Proceedings of the 4th Decennial Conference on Critical 
Computing: Between Sense and Sensibility (CC ’05), ACM, New York, NY, USA, 
49–58. DOI:https://doi.org/10.1145/1094562.1094569 

[208] Sarah Sharma. 2014. In the meantime: temporality and cultural politics. Duke 
University Press, Durham. 

[209] Irina Shklovski, Louise Barkhuus, Nis Bornoe, and Joseph “Jofish” Kaye. 2015. 
Friendship Maintenance in the Digital Age: Applying a Relational Lens to Online 
Social Interaction. In Proceedings of the 18th ACM Conference on Computer 
Supported Cooperative Work & Social Computing (CSCW ’15), Association for 
Computing Machinery, New York, NY, USA, 1477–1487. 
DOI:https://doi.org/10.1145/2675133.2675294 

[210] Katie A. Siek, Gillian R. Hayes, Mark W. Newman, and John C. Tang. 2014. Field 
Deployments: Knowing from Using in Context. In Ways of Knowing in HCI, Judith 
S. Olson and Wendy A. Kellogg (eds.). Springer New York, New York, NY, 119–
142. DOI:https://doi.org/10.1007/978-1-4939-0378-8_6 

[211] Erik Stolterman and James Pierce. 2012. Design Tools in Practice: Studying the 
Designer-tool Relationship in Interaction Design. In Proceedings of the Designing 
Interactive Systems Conference (DIS ’12), ACM, New York, NY, USA, 25–28. 
DOI:https://doi.org/10.1145/2317956.2317961 

[212] Erik Stolterman and Mikael Wiberg. 2010. Concept-Driven Interaction Design 
Research. Human–Computer Interaction 25, 2 (May 2010), 95–118. 

[213] Carolyn F. Strauss and Alastair Fuad-Luke. 2008. The slow design principles: A 
new interrogative and reflexive tool for design research and practice. Changing 
the change. Torino (2008). 



216 

[214] Massimo Strino. 1993. The Jewel Under the Lotus. Retrieved January 7, 2019 
from http://www.imagokaleidoscopes.com/html/detail_open/lotus.html 

[215] Laurel Swan and Alex S. Taylor. 2008. Photo displays in the home. In 
Proceedings of the 7th ACM conference on Designing interactive systems (DIS 
’08), Association for Computing Machinery, New York, NY, USA, 261–270. 
DOI:https://doi.org/10.1145/1394445.1394473 

[216] Alex S. Taylor, Siân Lindley, Tim Regan, David Sweeney, Vasillis 
Vlachokyriakos, Lillie Grainger, and Jessica Lingel. 2015. Data-in-place: Thinking 
through the relations between data and community. In Proceedings of the 33rd 
Annual ACM Conference on Human Factors in Computing Systems, ACM, 2863–
2872. Retrieved from http://dl.acm.org/citation.cfm?id=2702558 

[217] Jennyfer Lawrence Taylor, Alessandro Soro, Paul Roe, Anita Lee Hong, and 
Margot Brereton. 2017. Situational When: Designing for Time Across Cultures. In 
Proceedings of the 2017 CHI Conference on Human Factors in Computing 
Systems, ACM, 6461–6474. Retrieved from 
http://dl.acm.org/citation.cfm?id=3025936 

[218] Lisa Thomas and Pam Briggs. 2016. Reminiscence through the Lens of Social 
Media. Frontiers in Psychology 7, (2016). Retrieved January 24, 2022 from 
https://www.frontiersin.org/article/10.3389/fpsyg.2016.00870 

[219] Lisa Thomas, Elaine Farrow, Matthew Aylett, and Pam Briggs. 2018. A life story 
in three parts: the use of triptychs to make sense of personal digital data. 
Personal Ubiquitous Comput. 22, 4 (August 2018), 691–705. 
DOI:https://doi.org/10.1007/s00779-018-1110-0 

[220] John Tomlinson. 2007. The culture of speed: The coming of immediacy. Sage. 

[221] Philipp Trenz, Sebastian Pasewaldt, Mandy Klingbeil, Jürgen Döllner, and 
Matthias Trapp. 2021. Forward Selfies. In ACM SIGGRAPH 2021 Appy Hour 
(SIGGRAPH ’21), Association for Computing Machinery, New York, NY, USA, 1–
2. DOI:https://doi.org/10.1145/3450415.3464403 

[222] Wenn-Chieh Tsai, Amy Yo Sue Chen, Sheng-Yang Hsu, and Rung-Huei Liang. 
2015. CrescendoMessage: interacting with slow messaging. In Proceedings of 
the 2015 International Association of Societies of Design Research Conference 
(IASDR’15). 

[223] Wenn-Chieh Tsai, Po-Hao Wang, Hung-Chi Lee, Rung-Huei Liang, and Jane 
Hsu. 2014. The Reflexive Printer: Toward Making Sense of Perceived 
Drawbacks in Technology-mediated Reminiscence. In Proceedings of the 2014 
Conference on Designing Interactive Systems (DIS ’14), ACM, New York, NY, 
USA, 995–1004. DOI:https://doi.org/10.1145/2598510.2598589 



217 

[224] Vasiliki Tsaknaki, Marisa Cohn, Laurens Boer, Ylva Fernaeus, and Anna 
Vallgarda. 2016. Things Fall Apart: Unpacking the Temporalities of 
Impermanence for HCI. In Proceedings of the 9th Nordic Conference on Human-
Computer Interaction (NordiCHI ’16), ACM, New York, NY, USA, 141:1-141:3. 
DOI:https://doi.org/10.1145/2971485.2987680 

[225] Endel Tulving. 1985. Memory and consciousness. Canadian 
Psychology/Psychologie canadienne 26, 1 (1985), 1–12. 
DOI:https://doi.org/10.1037/h0080017 

[226] Tulving Endel, Le Voi M. E., Routh D. A., Loftus Elizabeth, and Broadbent 
Donald Eric. 1983. Ecphoric processes in episodic memory. Philosophical 
Transactions of the Royal Society of London. B, Biological Sciences 302, 1110 
(August 1983), 361–371. DOI:https://doi.org/10.1098/rstb.1983.0060 

[227] Daisuke Uriu and William Odom. 2016. Designing for Domestic Memorialization 
and Remembrance: A Field Study of Fenestra in Japan. In Proceedings of the 
2016 CHI Conference on Human Factors in Computing Systems (CHI ’16), ACM, 
New York, NY, USA, 5945–5957. DOI:https://doi.org/10.1145/2858036.2858069 

[228] Daisuke Uriu, William Odom, Mei-Kei Lai, Sai Taoka, and Masahiko Inami. 2018. 
SenseCenser: An Interactive Device for Sensing Incense Smoke & Supporting 
Memorialization Rituals in Japan. In Proceedings of the 2018 ACM Conference 
Companion Publication on Designing Interactive Systems (DIS ’18 Companion), 
ACM, New York, NY, USA, 315–318. 
DOI:https://doi.org/10.1145/3197391.3205394 

[229] Daisuke Uriu and Naohito Okude. 2010. ThanatoFenestra: Photographic Family 
Altar Supporting a Ritual to Pray for the Deceased. In Proceedings of the 8th 
ACM Conference on Designing Interactive Systems (DIS ’10), ACM, New York, 
NY, USA, 422–425. DOI:https://doi.org/10.1145/1858171.1858253 

[230] Daisuke Uriu, Naruhiko Shiratori, Satoru Hashimoto, Shuichi Ishibashi, and 
Naohito Okude. 2009. CaraClock: An Interactive Photo Viewer Designed for 
Family Memories. In CHI ’09 Extended Abstracts on Human Factors in 
Computing Systems (CHI EA ’09), ACM, New York, NY, USA, 3205–3210. 
DOI:https://doi.org/10.1145/1520340.1520458 

[231] Anna Vallgarda. 2014. Giving Form to Computational Things: Developing a 
Practice of Interaction Design. Personal Ubiquitous Comput. 18, 3 (March 2014), 
577–592. DOI:https://doi.org/10.1007/s00779-013-0685-8 

[232] Anna Vallgarda, Morten Winther, Nina Mørch, and Edit E. Vizer. 2015. Temporal 
form in interaction design. International Journal of Design 9, 3 (2015). 

[233] Ed Van Hinte. 1997. Eternally Yours: visions on product endurance. 010 
Publishers. 



218 

[234] Nancy A. Van House. 2011. Personal photography, digital technologies and the 
uses of the visual. Visual Studies 26, 2 (June 2011), 125–134. 
DOI:https://doi.org/10.1080/1472586X.2011.571888 

[235] Nancy Van House and Elizabeth F. Churchill. 2008. Technologies of memory: 
Key issues and critical perspectives. Memory Studies 1, 3 (September 2008), 
295–310. DOI:https://doi.org/10.1177/1750698008093795 

[236] Nancy Van House, Marc Davis, Yuri Takhteyev, Nathan Good, Anita Wilhelm, 
and Megan Finn. 2004. From “what?” to “why?”: the social uses of personal 
photos. In Proc. of CSCW 2004. 

[237] Jay Vidyarthi, Bernhard E. Riecke, and Diane Gromala. 2012. Sonic Cradle: 
Designing for an Immersive Experience of Meditation by Connecting Respiration 
to Music. In Proceedings of the Designing Interactive Systems Conference (DIS 
’12), ACM, New York, NY, USA, 408–417. 
DOI:https://doi.org/10.1145/2317956.2318017 

[238] Judy Wajcman. 2015. Pressed for time: the acceleration of life in digital 
capitalism. Univ. of Chicago Press, Chicago [u.a. 

[239] Ron Wakkary, Audrey Desjardins, and Sabrina Hauser. 2016. Unselfconscious 
Interaction: A Conceptual Construct. Interact Comput 28, 4 (June 2016), 501–
520. DOI:https://doi.org/10.1093/iwc/iwv018 

[240] Ron Wakkary, Doenja Oogjes, Henry W. J. Lin, and Sabrina Hauser. 2018. 
Philosophers Living with the Tilting Bowl. In Proceedings of the 2018 CHI 
Conference on Human Factors in Computing Systems (CHI ’18), ACM, New 
York, NY, USA, 94:1-94:12. DOI:https://doi.org/10.1145/3173574.3173668 

[241] Jayne Wallace, Kyle Montague, Trevor Duncan, Luís P. Carvalho, Nantia 
Koulidou, Jamie Mahoney, Kellie Morrissey, Claire Craig, Linnea Iris Groot, 
Shaun Lawson, Patrick Olivier, Julie Trueman, and Helen Fisher. 2020. ReFind: 
Design, Lived Experience and Ongoingness in Bereavement. In Proceedings of 
the 2020 CHI Conference on Human Factors in Computing Systems (CHI ’20), 
Association for Computing Machinery, New York, NY, USA, 1–12. 
DOI:https://doi.org/10.1145/3313831.3376531 

[242] Dominik Weber, Alexandra Voit, Huy Viet Le, and Niels Henze. 2016. Notification 
dashboard: enabling reflection on mobile notifications. In Proceedings of the 18th 
International Conference on Human-Computer Interaction with Mobile Devices 
and Services Adjunct (MobileHCI ’16), Association for Computing Machinery, 
New York, NY, USA, 936–941. DOI:https://doi.org/10.1145/2957265.2962660 

[243] Mark Weiser and John Seely Brown. 1997. The Coming Age of Calm 
Technology. In Beyond Calculation. Springer New York, 75–85. 
DOI:https://doi.org/10.1007/978-1-4612-0685-9_6 



219 

[244] Wenn-Chieh Tsai and Elise van den Hoven. 2018. Memory Probes: Exploring 
Retrospective User Experience Through Traces of Use on Cherished Objects. 
International Journal of Design; Vol 12, No 3 (2018) (2018). Retrieved January 1, 
2018 from http://www.ijdesign.org/index.php/IJDesign/article/view/2900 

[245] Steve Whittaker, Ofer Bergman, and Paul Clough. 2010. Easy on That Trigger 
Dad: A Study of Long Term Family Photo Retrieval. Personal Ubiquitous 
Comput. 14, 1 (January 2010), 31–43. DOI:https://doi.org/10.1007/s00779-009-
0218-7 

[246] John Williamson and Lorna M Brown. 2008. Flutter: Directed Random Browsing 
of Photo Collections with a Tangible Interface. In Proceedings of the 7th ACM 
Conference on Designing Interactive Systems (DIS ’08), ACM, New York, NY, 
USA, 147–155. DOI:https://doi.org/10.1145/1394445.1394461 

[247] Marc Wittmann. 2016. Felt Time: The Psychology of How We Perceive Time. 
MIT Press. 

[248] John Zimmerman, Jodi Forlizzi, and Shelley Evenson. 2007. Research Through 
Design As a Method for Interaction Design Research in HCI. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems (CHI ’07), 
ACM, New York, NY, USA, 493–502. 
DOI:https://doi.org/10.1145/1240624.1240704 

[249] Xenia Zürn, Mendel Broekhuijsen, Doménique van Gennip, Saskia Bakker, 
Annemarie Zijlema, and Elise van den Hoven. 2019. Stimulating Photo Curation 
on Smartphones. In Proceedings of the 2019 Conference on Human Information 
Interaction and Retrieval (CHIIR ’19), Association for Computing Machinery, New 
York, NY, USA, 255–259. DOI:https://doi.org/10.1145/3295750.3298947 

[250] 2017. Slowly. Retrieved from https://www.getslowly.com/en/ 

[251] Global mobile OS market share 2022. Statista. Retrieved January 22, 2023 from 
https://www.statista.com/statistics/272698/global-market-share-held-by-mobile-
operating-systems-since-2009/ 

 




