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ABSTRACT
With the massive adoption of smartphones, location trackers, and
GPS-based applications, data is being generated that captures peo-
ple’s geographic locations in more precise detail than ever before.
Personal location history archives offer a potentially valuable and
overlooked resource for supporting reminiscence and recollection
of the past. Yet, little design research has explored how location
histories can be used as a material in designing such experiences.
To investigate this space, we engaged in a practice-based design re-
search process that resulted in two design artifacts. Memory Tracer
is a tangible device that occasionally, yet perpetually surfaces lo-
cations from the past bound to today’s date. Memory Compass is a
smartwatch application that uses a ‘casting’ interaction enabling a
user to retrieve and explore locations from their past, across space
and time. We unpack and reflect on key decisions in our design
process and conclude with opportunities for future HCI research
and practice.

CCS CONCEPTS
• Human-centered computing→ Interaction design; Interaction
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1 INTRODUCTION
From displaying travel mementos to curating a map with pins,
tracking the places that one goes is a common practice. The cap-
ture and recollection of locations visited across one’s life can play
important roles in supporting self-reflection, social connection, and
the construction of memories [4, 5, 48]. The growing presence of
technology in everyday life has greatly expanded the capacity to
precisely capture, track, and reflectively consider places one has
visited. The convergence of social, mobile, and cloud computing
services and the increasing ubiquity of location acquisition tech-
nologies (e.g., GPS, GSM networks, etc.) [19] has created a world
where digital devices and services generate logs that capture a per-
son’s location in highly precise ways [85, 129]. For example, as a
by-product of people using services such as Google Maps Timeline
[43], a standardized form of metadata is generated that contains
exactly where someone is at any point in the day.

While nascent research has shown that location information can
aid in the recollection of memories (e.g., [54, 71, 112]), the sheer size
and scale of personal location history data that now exists presents
new challenges for the HCI community. Location history data is
largely invisible, often buried in software applications or across
online servers and databases. This can cause losses in awareness
over precisely what is contained in one’s personal location data,
as well as where it is stored [83]. Digital location history data
often lacks a distinct material form and presence, which restricts
people’s ability to casually engage with it as an everyday resource
for reflecting on life experiences [85]. Taken together, these issues
make it difficult for people to get a “grasp” on what their location
history data is, what is captured within it, and how it might be
drawn on as a valuable resource for reminiscence.

The emergence and accumulation of large, continually growing
personal location history archives creates new opportunities for
people to reflect on the places they have traveled to and the role
such places played in shaping who they are today. Yet, the use of lo-
cation history data to support reflective experiences, like everyday
reminiscence, is underexplored in design. In parallel, there are calls
for more HCI research that investigates how alternative forms of
personal data can aid people in exploring their life from different
perspectives over time (e.g., [30, 51, 80, 105, 107]). However, ex-
amples illustrating how such engagements with personal location
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Figure 1: Memory Tracer (left) displays a low fidelity map of where the user was on this date in a prior year. Here, it shows
Key West, Florida. Memory Compass (right) allows searching for past location moments in a given direction. The green line
indicates the distance filter and changes as the user rotates their wrist; the yellow circle indicates the radius filter and changes
as the digital crown is turned. Here 403 location moments are within the current filters.

history data can be mediated through the creation of new design
artifacts remains sparse.

How will personal location history archives be meaningfully
experienced as they continue to evolve and expand to scales that
people have never previously experienced? How might inquisitive,
reflective, and ongoing experiences be supported as they age over
time? What opportunities are there to use this personal location
history data as a resource for everyday reminiscence on the places
and activities bound up in one’s past?

Our approach to investigating these questions originates with
and concerns practice-based design research in HCI [c.f., [2, 18,
39, 79, 79, 88, 96, 122, 123, 130]. We employ a designer-researcher
position that emphasizes 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 par-
ticular, general and universal to the ultimate particular – the specific
design” [74]. Our approach builds on and mobilizes a practice-led
research that Archer, following Frayling [35], situates as “systemic
enquiry conducted through the medium of practical action; calcu-
lated to devise or test new, or newly imported, information, ideas,
forms or procedures and generate communicate knowledge” [1:11].
In this way, designer-researchers often function as a small team
that is reflexively focused on the creative, experimental, and novel
outcomes of the design process that are critically and reflectively ar-
rived at through design practice. Thus, practice-based research can
contribute insightful, first-hand, and reflexive views of the practice
of making design artifacts in response to higher-level concepts and
research questions, and in light of design materials, tools, methods,
and competencies (c.f., [6]). In our research, we leveraged our own
location history data as a design material. We wanted to explore
how making location history data more materially present and
more interactive might open new possibilities for reflection on and
exploration of places visited in our past. We also wanted to inquire
into the intersection of personal life history and personal location
history as aspects of temporality raised by slow technology [47, 81]

and how this design-theoretic framing might offer rich ways to
support experiences with location data that change over time.

Our practice-based approach ultimately produced two design
artifacts that reshape location history data into a material that
can be tangibly experienced and lived-with (see Figure 1). Memory
Tracer continually surfaces location moments from the past bound
to today’s date, showing them on a low-fi display within a cement
enclosure.Memory Compass is a smartwatch application that allows
filtering based on direction, distance, radius, and year to explore
location moments based on where the user is. Through the design
process of both products, we gained insights on how personal
location history archives might be experienced as they continue to
evolve and expand. Our research suggests that location data could
offer a valuable resource for supporting everyday reminiscence that
can scale over time. It is these insights, that emerged through the
making of Memory Tracer and Memory Compass, that we reflect on
in this paper. Next, we review related work; describe the journey of
our design led research process; and distill implications for future
HCI research and practice.

2 BACKGROUND AND RELATEDWORK
Related work falls into three sections: reminiscence and location;
digital records as design materials; and temporality.

2.1 Reminiscence, Location, and Technologies
of Memory

Reminiscence is an informal, situated, everyday activity broadly
described as “the recall of personally experienced episodes from
one’s past” [124]. While reminiscence in therapeutic settings is
highly structured (e.g., [52]), in everyday contexts these experiences
are often spontaneous, idiosyncratic, and open-ended. Everyday
reminiscence has been characterized as unstructured autobiographic
reflection that is often bound to a location (e.g., a childhood home) as
well as life events that can be recurrent (e.g., anniversaries, reunions
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with loved ones) or singularly unique (e.g., traveling to a foreign
country for the first time) (c.f. [4, 10, 14, 48, 50, 56]).

The increasing prevalence of personal digital data, along with
a growing interest in HCI toward designing for everyday life, has
led to a stream of research exploring how reminiscence could be
better supported. One key research area has focused on the creation
of new technologies that enable people to attach digital content,
such as images or audio recordings, to existing physical memen-
tos (e.g., [37, 77]). Other research has investigated how the acts of
capturing and exploring specific forms of media, such as images,
video, and audio recordings, can effectively prompt reminiscence
[58, 59, 73, 93–95, 108, 119]. There also exists a growing body of
research that highlights the value of revisiting personal data, in-
cluding social media, emails, online maps, chat logs, photos, and
music to support reminiscence (e.g., [8, 29, 93, 94, 113, 116]). Peesap-
ati et al. [91] exemplify this approach through Pensive, a system
that effectively supported “individual, spontaneous reminiscence”
through sending memory triggers, collected from social media data,
back to end-users. Extending this work, Cosley and colleagues ar-
ticulate key opportunities for supporting everyday reminiscence
through leveraging data that is already captured by people and
re-presenting this past information to them in new forms that can
be experienced over time [20, 21].

In the context of location specifically, it is well known that loca-
tion cues can trigger everyday experiences of recollecting memories
[121] and reminiscing [92]. Recent research by van Gennip et al.
[41] found references to location were among the most important
prompts for reminiscence experiences. While there exists a range
of HCI research investigating locative media and geolocative games
(e.g., [7, 97]), only a handful of studies have explored how aggre-
gated location data might support everyday reminiscence. Rewind
[112] investigated how a person’s location data can be used to
reconstruct a first-person point of view video of their movement
through space on a given day using photographic data provided via
Google Street View. Findings indicated that re-presenting spatial
pathways could be valuable in supporting recollection of memo-
ries, yet frictions emerged as the ‘generalized’ images taken from
Google Street View could conflict with the interpretive experiential
qualities of reminiscence. Reveal [71] is a smartphone application
that leveraged geo-locative photo data on a user’s iCloud account
to resurface locationally relevant photos. This research showed that
location histories can effectively support situated experiences of
reminiscence, suggesting new opportunities to explore this promis-
ing yet underexplored design space. Finally, Ritual Machine V [11]
explored how a parent’s location data can be used when traveling
away from home to map their ‘place’ onto an illustrated world that
children at home can explore through a tangible near eye device.
While not explicitly aimed at recollection of the past, this project
does offer early evidence of how making location tangible, embod-
ied, and embedded in everyday life can open opportunities for rich,
ongoing interactions.

The works reviewed here highlight the HCI community’s on-
going interest in developing novel ways to support people’s ex-
periences of reflecting on the past. Nascent works have begun to
investigate new roles that personal location data could play in de-
veloping this research area, often through pairing it with visual
media. These strands of research make clear that this emerging

design space needs more research to better understand the poten-
tials and limits for location history data to operate as a resource for
reminiscence and reflection. We extend this research area through
proposing and reflecting on two novel systems that concretely make
location history data more embodied and embedded in everyday
life.

2.2 Exploring Digital Records as Design
Materials

As evidenced by the Quantified Self (QS) movement [100] in the
last two decades, there has been a proliferation in the amount of
precise personal data which can be and is recorded about one’s day
to day life [38, 68, 128]. The QS movement proports that the data
intensive way of tracking many different aspects of one’s life, be-
haviors, and activities can be helpful for the purposes of reflection,
self-improvement, and self-knowledge. In parallel, there is ongoing
interest in how personal data and metadata might be mobilized as a
design material. Through the Curatorial Agents project, Gulotta et
al. propose that metadata, related to time or location, can be consid-
ered highly important contextual factors “that help situate digital
information [for] evocative, meaningful, or relevant experiences” [45].
This research, along with a trajectory of related work on digital
possessions (e.g., [22, 32, 85, 102, 103]), opened opportunities for
seeing data, like location histories, in a new way – not solely as
a by-product of using systems that passively track one’s life, but
rather as a resource for supporting new ways of viewing one’s past
from alternative perspectives.

In advancing a generative critique of the QSmovement, Elsden et
al. argue there is a need for future research to investigate the design
of interactions with personal data that expand beyond “an exclu-
sive interest in performance, efficiency, and rational [self] analysis”
[31]. The authors make a case for inquiring into how alternative
representations of personal data can help people see their life from
different perspectives and gain self-knowledge through this process.
They argue interaction design must expand to creating personal
data “representations that support multiple perspectives rather than
reductive explanations” and which embrace “the often complex and
ambiguous relationships [we have] with our digital records” [31].
Elsden and colleagues assert the place of personal data collected
through passive tracking applications remains unclear and more
research is needed to understand how such records can be trans-
formed into design materials that reinforce human agency through
new forms and interfaces [32].

Our work seeks to directly build on this prior research and con-
tribute a practice-based design research process which investigated
how location history data can operate as resources for supporting
experiences of reminiscence through the places bound up in one’s
past. Our approach to designing interactions with personal location
history data is highly influenced by research that characterizes data
as a design material [12, 81, 82, 88]. We view working with digital
data as a design material as analogous to how a carpenter uses
wood as a material. Through use, carpenters become attuned to
the physical qualities of wood, and they learn how to manipulate a
piece of wood through various techniques of cutting, joinery, and
sanding to craft it into something new. In the same way, designing
with data as a design material seeks to use data as a resource for
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creating new design artifacts. The aim is to understand the nuance
and limitations of the data, the potential forms in which it could
be expressed, and ultimately explore what can be created through
using it. Beyond work that has come before, we investigate location
history data as a material in-and-of-itself to better understand it in
relation to design practice and how it can be given new forms and
interactions.

2.3 Temporality and Design Research
Considering the scale and depth of different points in time that are
captured in one’s location history archive, our research is also in-
fluenced by prior works on designing for temporality and slowness.
In their original works on slow technology, Hallnäs, Redström, and
Mazé argue that design practice must expand to create “technology
that surrounds us and is a part of our activities over long periods of
time” [47] and inquire into “what it means to design a relationship
with a computational thing that will last and develop over time” [69].
These works brought attention to the need to consider the gener-
ative qualities of temporality in design research. Extending this
work, Vallgarda and colleagues [118] frame temporal interaction as
aiming to “slow down the expressions of computations enough to let us
experience them.” This statement is foundational to their argument
that interaction design practice ought to be considered through a
set of relations among physical form, interaction gestalt, and tem-
poral form [117]. Pschetz and colleagues [9, 98, 99] highlight the
need for research that explores temporal diversification through
design and people’s lived experiences of it. A handful of nascent
design research projects have illustrated different ways slowness
or temporally diverse interactions can be effective in supporting
reflection on the past, most notably with photographs and music
[17, 80, 81, 89, 114]. Yet, to date no known research has explored
this framing in relation to personal location history.

The recent emergence of works in HCI related to slowness and
temporality is valuable and encouraging. Researchers and designers
have also expressed struggles in creating technologies that sustain
longer-term experiences. Researchers have highlighted that 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 [53, 66, 86, 87]. In part aiming
to address such concerns, Odom et al. [81] proposed a range of
new design qualities that can be considered by designers when
bridging the higher-level theoretical and conceptual aspirations of
slow technology with design practice.

Our research aims to contribute to this research on slowness
and temporality. We want to inquire into how digital history tied
to locations can be explored as an aspect of temporality in slow
technology. Through the detailed unpacking of two design research
cases, our work concretely demonstrates and expands how the the-
oretical framing of slow technology can offer rich ways to support
unstructured, curious, and embodied experiences of reminiscence
with personal data that changes over time.

3 PRACTICE-BASED DESIGN RESEARCH:
APPROACH, POSITIONING, AND
RATIONALE

We adopt a practice-based designer-researcher approach to gener-
ate design artifacts that investigate and respond to our research
questions (c.f., [6, 39]). This decision was motivated by several im-
portant reasons.While relatedwork points to location history data’s
potential to offer a valuable resource for everyday reminiscence, no
research to date has investigated it as a design material. Thus, we
were motivated to adopt a practice-based design research because,
as articulated by Archer, “there are circumstances where the best
or only way to shed light on a proposition, a principle, a material,
a process or a function is to attempt to construct something, or to
enact something calculated to explore, embody or rest it” [1:11]. We
needed to understand what location history data ‘is’ as a resource
for design: how it can be shaped, worked with, and what its limits
are. What we found – and unpack in the following section – is this
process was a substantial undertaking. Our initial work made it
clear that we needed to adopt an in-depth practice-based design
inquiry to understand the qualities and nuances of location history
data as they were progressively shaped into real and actual highly
resolved design artifacts. Thus, our design-led approach enabled us
to understand and leverage our own location history data through
the iterative process of ideating and making various prototypes. We
were able to rapidly test and understand how key design qualities of
our prototypes offered promise to prompt everyday reminiscence.
In light of this rationale, it was essential that we first engage in a
design-led research approach to better understand the potential
and limits of location history data as a design material for everyday
reminiscence. Our position and commitment to offer a detailed
reporting of the design journey of creating Memory Tracer and
Memory Compass is inspired by and builds on the trajectory of
work that is concerned with the development of new knowledge
through the construction of design artifacts, andwhich views design
practice in-and-of-itself as a form of inquiry, to critically investigate
emerging issues in HCI (e.g., [3, 33, 34, 39, 40, 78, 110, 130]).

We designed Memory Tracer and Memory Compass to explore
potential future interactions and experiences with location history
data in everyday life and the role it might play in supporting reflec-
tion on places visited in one’s past. Our design research process is
highly influenced by conceptual propositions from the slow tech-
nology design philosophy [46, 47, 69] because we are interested in
exploring personal life and personal location histories as aspects of
temporality. Our design attitude is most specifically shape by the
propositions that slow technology is a technology that requires time
to understand and changes through time [47]. To investigate differ-
ent parts of the design space and generatively inspire our process,
we were also interested in mobilizing the somewhat oppositional
design qualities of implicit slowness – a quality where the end user
is able to freely control the design artifact while it still retains its
‘slow’ reflective character – and explicit slowness – a quality where
the design artifact operates on its ‘own time’ and the pacing cannot
be changed or modulated [81].

Over the course of two years, we reviewed theoretical literature,
studies, and a range of design works. Similar to Schön’s notion
of design as a conversation with materials [104], we engaged in
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a reflexive dialogue with our location data, design concepts, and
physical materials to arrive at the designs for Memory Tracer and
Memory Compass. The design research team consisted of four
members with expertise in software development, interaction de-
sign, electronics prototyping, graphic design, industrial design, and
digital fabrication. As a step toward acknowledging the subjective
positions inherent to our approach, we include a brief description of
our practical and disciplinary expertise in the service of increasing
the transparency of our research inquiry. The authors of this paper
are researchers that engage in research, design, and/or development
across the following domains:

• Author 1 is an interaction designer and computer scientist
with expertise in location-based services, iOS development,
electronics prototyping, and industrial design;

• Author 2 is a HCI and design researcher with expertise in
interaction design, slow technology, and theories of memory
and reminiscence;

• Author 3 is an interaction designer and researcher with ex-
pertise in visual design, speculative design, theories of intro-
spection and self-reflection, and practice-based research;

• Author 4 is an industrial designer and researcher with exper-
tise at the intersection of digital fabrication and materials
research.

This breadth of expertise enabled us to experiment with both
digital prototypes and physical forms iteratively as a team. This
paper was written over the course of ten months following our two-
year design process, which involved numerous calls and meetings
for retrospective discussion and analysis of insights from our design
research. Across our process, we primarily leveraged the location
history data of Author 1 who had been recording their location via
Google Maps Timeline for the past 6 years.

There are limitations to this approach. It cannot be assumed that
our initial experiences of reminiscence while designing and testing
Memory Tracer and Memory Compass will be the same for others.
Our experiences may be unique to our data, travel history, or the
way we think about and remember places. However, by using our
own data to design with, we were provided access to a dataset that
would otherwise be very difficult to access. This decision enabled
us to quickly and iteratively explore design qualities to see what
sparked everyday reminiscence and what did not. Because so little
prior work has been done in this area, we needed to first engage in
a design process to generate multiple designs to better understand
the nuances, qualities, potentials, and limits of location history data
for everyday reminiscence. We documented our design process and
annotated key design decisions relevant to our conceptual framing.
It is important to note that as we iteratively prototyped, designed,
and made Memory Tracer and Memory Compass, we needed to live
with both designs (and various earlier prototypes) to gain insights
which guided future design decisions.

While we include some first person experiences with the design
artifacts as a part of our practice-based designer-researcher ap-
proach, it is important to acknowledge our research is not explicitly
an autobiographical or otherwise empirical study (e.g., [23, 75]).
Our approach to reporting and accounting of the design research
process is more closely aligned with design journey narratives
[25, 27, 55, 122]. With the design journey framework, the research

team’s design process is detailed through a post-mortem narrative
that attends to specific design decisions that were shaped by key
higher-level concepts. In the next section, we summarize our initial
research working with location history data as a design material.

4 UNDERSTANDING LOCATION HISTORY AS
A DESIGN MATERIAL: PRELIMINARY
PHASE

We decided to focus on Google Maps Timeline as the service to
collect and store location history for a few key reasons. While
many apps (e.g., Strava, Nike Run Club, and Slopes [76, 106, 111])
track location during a specific activity, Google Maps Timeline
constantly track’s the user’s phone, providing a continual record
of locations. The service has been around since 2015 making it
possible for us to engage with large archives of continuous location
data. Google not only collects latitude, longitude, and timestamps,
it also generates semantic location data by inferring activity and
location place names. This decision came with some trade-offs.
There is no available API for the data, and it requires a 3rd party
corporation to store immense amounts of personal geographic
whereabouts on their servers (clearly something with which people
may be uncomfortable). Timeline data obviously will not contain
‘all’ locations a person has visited in their life, only the ones where
the feature is enabled on an internet connected phone. However,
of all currently available services, it is likely the most substantive
data set of location history that any person has on themselves.

We primarily leveraged Author 1’s Google Maps Timeline data.
To aid our design discussions, we coined two terms to describe the
data. The entire raw downloaded archive from Google consists of a
JSON file with a single array of objects; we dubbed these objects
“moments”. Each moment always includes a timestamp, latitude,
longitude, and accuracy value (see Figure 2). We dubbed a “location
day” the list of all moments that took place on a given day (we
italicize both terms throughout the paper to aid readability).

Figure 2: An object from a Google Maps Timeline archive,
which we termed a moment

The sheer amount of location data available made it challenging
to work with at times. At the time of this writing, Author 1’s loca-
tion history contained over 70 months and over 130,000 moments.
While we explored design ideas related to interaction and form
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Figure 3:Where Was I? prototype (left) mapped a singlemoment from ‘today’s date in history.’ Sand Tracer prototype (center)
traced out a pattern representing a particular day’s location data. Photo Compass prototype (right) allowed casting out in a
certain direction and distance to return the nearest photo in your photo library to that point.

in parallel, an important early decision was to develop working
software that could help us explore the potential of this data in
a real and actual way. We began building crude prototypes and
software scripts which helped us get a handle on what could be ex-
tracted from the data and the kinds of interactions and forms which
might be possible. What follows are key insights we drew from the
initial prototyping process, which further built the design space
and ultimately shaped the form of Memory Tracer and Memory
Compass.

4.1 Early Explorations with Location History
Data that led to Memory Tracer and
Memory Compass

The first phase of our design process was characterized by freneti-
cally developing Python scripts and experiments to infer possible
themes and insights. For example, by adding the total distance be-
tween coordinates on a given day, we could figure out which days
we travelled for trips. These days and locations often were bound to
numerous specific memories that were evoked without any other
stimuli. Conversely, we were able to generate a list of the cities we
most frequented. The results of this script did not spark specific
memories but primed our recollection of many different memories
across time and place. We ran the location data through different
APIs to extract additional information such as weather, point of
interest, and address. This script, coupled with inferred activity,
provided an output something akin to: ‘biking for 2 hours on a
sunny Sunday afternoon in San Francisco.’

During this process, a key insight emerged from a Python script
that mapped a random moment from the current calendar date but
from a previous year (see Figure 3). We named this prototypeWhere
Was I?. Through testing it on ourselves, we found that mapping a
single moment from today’s date in history could spark a memory.
Clearly this approach has similarities to Timehop, Facebook Mem-
ories, Snapchat Memories, and Apple Photos’ ‘On This Day’ which
pair a ‘day in history’ with photos taken on that day. We found
that not having a single photographic representation, but rather

simply a locational point in one’s past could trigger diverse and,
at times, multiple memories to be recollected. In some instances,
a randomly surfaced moment would spark a memory of a specific
trip when it landed on an interstate roadway or one-off location.
Other times it would spark a collection of memories when it landed
at the location of a weekly activity. And many times, it landed in
an area that we frequented almost daily, sparking memories, but
often not related to the current date.

In parallel we began exploring how to tangibly represent location
data. One prototype that sparked a lot of discussion within the
design teamwas a prototype we named Sand Tracer, that could trace
a pattern in sand (see Figure 3). The quality we liked most about
it was the continual and slow reveal of an aesthetically pleasing
pattern over time. We were intrigued by how this might represent
a moment being surfaced from the archive.

An earlier script we designed returned moments near a partic-
ular location. After inputting a location, the script calculated and
returned all moments in serial order of the distance away from
that location. The ability to see moments regardless of date but in
relation to a particular location primed our next design move. We
prototyped an app that enabled us to ‘cast’ out a discrete distance in
a certain direction. Wherever the cast ‘landed’, it returned the near-
est photo to that point from the photo library (see Figure 3). This
prototype prompted further ideas for a more embodied interaction
that used a user’s current spatial location and physical orientation
as inputs to explore their location history.

Collectively, insights revealed by these early explorations en-
couraged us to use location history data as the sole data in our
design inquiry and not merely treat location data as a “connective
glue” for other kinds of data. In the next two sections, we describe
and unpack how we moved from these initial design insights to
the final form of both Memory Tracer and Memory Compass. For
each design case we describe the design process and interweave
retrospective reflections in dialogue with our higher-level concep-
tual framing. We then use a scenario to describe how each finished
artifact operates. We conclude with reflections on our initial expe-
riences with the design artifacts.
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Figure 4: The interface progression of Sand Tracer (left) to Hourglass prototype (center) to Memory Tracer (right)

5 MEMORY TRACER
5.1 Memory Tracer: Design Research Case
Nascent research has shown that the slow technology quality of
pre-interaction could be effective in shifting emphasis to “designing
for the time and space prior to the moment the artifact is directly
interacted with” [81] and, in this way, priming experiences for
reflection with personal data. In designing Memory Tracer, we
wanted to investigate if the pre-interaction design quality could be
extended to prime everyday reminiscence through expressions of
location history data that gradually change as moments are traced
and eventually revealed.

Currently, location data lacks a distinct material form [83] which
restricts people’s ability to casually engage with it as an everyday
resource for reflecting on life experiences [85]. This influenced our
decision to make Memory Tracer a tangible device as opposed to
a software application. A physical device might allow it to fade
in and out of our awareness and would likely be able to provide
different, more casual experiences of reminiscence.

5.1.1 Form Explorations. Following the Sand Tracer prototype,
we initially envisioned the form for the Memory Tracer to trace
moments in a miniature sandbox that were drawn daily and repre-
sented the total path that the user had taken on that ‘day in history’.
Although the traces could be tied to today’s date and drawn to a
relative scale, they remained unintelligible; there was not enough
context to trigger experiences of reminiscence. We shifted to us-
ing a 16x16 LED matrix as the primary visual output for Memory

Tracer. Because an LED matrix provided a higher resolution output,
it had the potential to show more information about a specific mo-
ment. This made the device more understandable and more likely
to spark reminiscence. We diverted from the explicit ‘trace’ of a
path traveled and designed an animation akin to an hourglass, that
progressively became more saturated until the display was entirely
full, at which the moment is revealed.

Through living with the Hourglass prototype, we found a mo-
ment being surfaced in the background was delightful. Yet we found
the overall experience underwhelming. The device was only show-
ing a countdown to when a moment would be revealed in the future
(see Figure 4). The temporal expression shown while a moment
surfaced had been reduced to a form of clock time, that had no
correlation with the location history data. The capacity to support
pre-interaction and prime everyday reminiscence was lacking. Af-
ter various experiments, we ultimately decided to make the focal
point of Memory Tracer’s interface a map of the moment. As the
moment is surfaced, the display slowly shows more of the map.
This gradually traced map, paired with slowly revealed contextual
clues (that can be accessed if desired) provided enough context for
Memory Tracer to remain intriguing, to trigger anticipation, and to
support experiences of everyday reminiscence while the moment is
being revealed.

In total we explored a variety of form alternatives (see Figure
5). Based on early experiences with the Sand Tracer and Hourglass
prototypes, we arrived at the following requirements for the final
form: 1) Does not look like merely an enclosure for a screen (in an
effort to achieve a high quality of fit among other domestic objects
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Figure 5: A progression of forms for Memory Tracer (chronologically from left to right)

and spaces over time); 2) Invites peering into (to support the looking
at and pondering about what is being surfaced and equally enabling
it to fade in and out of perceptual view in everyday life); 3) Feels
durable and weighty (to evoke a physical sense of robustness and
potential long lastingness).

Collectively, these requirements motivated our decision to cast
the enclosure for Memory Tracer from Rockite, a water based rapid
setting fine cement. This achieved our goal of a durable and weighty
aesthetic. We adjusted the form of Memory Tracer to resemble a
more rectangular monolith shape that was counter-weighted in its
base and set the LED matrix display in the upper portion of the
enclosure. This achieved our goal of it not looking like merely an
enclosure for a screen. We also found that by cropped the corners of
the matrix to create a more circular display it gave a more organic,
unobtrusive aesthetic. It made the light look more like a portal that
could be looked into, which achieved the quality of inviting peering
into.

A challenge of using cement was that it does not allow light
to pass through it. However, we discovered a way to route the
light from the LEDs inside through fiber optic cable to the front
of the enclosure. Beyond making it possible to only use cement
for the form, this method helped create a quality of light that was
vibrant and alluring, yet less intense and attention demanding. All
the described changes in form enable Memory Tracer to fit in the
backdrop of everyday life, support causal glances as moments are
traced, and invite the user to more directly look into the device to
consider places from one’s past.

5.1.2 Working with Randomness and Aging in Location History to
Explore Interconnections among the Past, Present, and Future. Our
design led approach for making Memory Tracer was influenced
by the related slow technology qualities of explicit slowness and
ongoingness which, when combined, require the speed of the design
artifact to not be controllable such that it expresses its “own time”
[81]. Thus, the designing of Memory Tracer required attending to
the connection between pacing and intelligibility. This came with
the added challenge of designing a technique that would subtly
grow and develop as location moments were surfaced, until they
were revealed. Initially, we developed a random selection algorithm
that was motivated by prior work demonstrating that randomness
can help sustain ongoing cycles of everyday anticipation and retro-
spective reflection [65, 82, 89].

This led into explorations around pacing. We realized that if a
new moment surfaced everyday this could be useful for getting
accustomed to Memory Tracer when initially using it, but eventu-
ally this benefit wore off as Memory Tracer’s behavior became too
frequent and demanded too much attention. Conversely, a longer
period of a moment surfacing every 10-25 days would lead to the
device largely fading out of mind entirely. Both ends of this spec-
trum complicated our higher-level goal to create a slow technology
that could move in and out of perceptual view and “become part of
our lives over long periods of time” [47].

This prompted revisitation of slow technology theoretical propo-
sitions, which led to discussions of how the pacing of Memory
Tracer itself could be used to provide added context for each mo-
ment and to support ongoing, subtle change through time. At this
point, the moments Memory Tracer revealed were tied to ‘today’s
date in history’, but the amount of time they took to surface was
entirely random. Critically reconsidering the way that Memory
Tracer’s pacing could express time, eventually motivated our deci-
sion to make the number of days that a moment requires before it
is revealed to be equal to the number of years in the past of that
moment. This idea was inspired from prior research that success-
fully used the pacing of a device to indicate the age of data that
was being surfaced [60, 82].

The location history archive’s age is always increasing as time
passes, which causes the temporal spectrum for any moment to
grow and expand and the pacing of the device to slow down over
time. For example, if a person’s location history archive is 7 years
old, Memory Tracer will only forecast out moments a maximum
of 7 days. Yet, as the archive grows older (e.g., 25 years) moments
from deep in the past near the beginning of the archive would take
nearly a month to surface, all while more recent moments would
take only a few days to surface. This technique for structuring and
expressing time highly resonated with us – practically, it meant
that when one’s location history was relatively young (e.g., 7 years)
it would surface at a rate that would enable the user to have more
chances to understand and become accustomed to it. As the user
grows older and experiences accumulate with Memory Tracer, they
could develop a sensibility for ‘reading it’ as the tracing periods
become longer and more gradual when older moments are sur-
faced. This, in turn, could enable the longer periods of pacing to
be less disruptive while building in subtle anticipation as the user
reflectively considers moments from much deeper in their past. Yet,
Memory Tracer would still retain the capacity to select, surface,



Memory Tracer & Memory Compass: Investigating Personal Location Histories as a Design Material for Everyday Reminiscence CHI ’23, April 23–28, 2023, Hamburg, Germany

Figure 6: The main components of Memory Tracer: casted Rockite enclosure with embedded fiber optic cable, LED display,
Raspberry Pi Zero, protoboard for connections, push button, USB-C breakout board, power supply, enclosure screws

and reveal moments that are more recent (e.g., from 1-2 years back),
thus offering an unpredictable balance of showing younger and
older moments and the different memories potentially tied to them.
Ultimately, this design decision enabled us to manifest a sense of
cumulative growth and aging over time that encompasses both the
user and their location history. In effect, it brings together a near
future date, that is connected to a time and place in one’s past, that
is experienced in the present through situated everyday encounters
with Memory Tracer. This design leverages slowness and random-
ness to enable Memory Tracer to evoke its ‘own time’ while using
the user’s ‘own’ unique location history as the key factor of the
pacing tempo.

5.1.3 Technical Implementation. The final version of Memory
Tracer consists of the following elements (see Figure 6). We im-
plemented a Python program on a Raspberry Pi Zero connected
to an LED display embedded in Memory Tracer’s enclosure. The
program generates a database from the user’s Google Maps Time-
line location history archive and uses the timestamp metadata of
each unique ‘moment’ as a key factor in its selection algorithm. As
noted above, the device randomly selects moments from across the
age of the archive. The database of location history data is stored
locally on the Raspberry Pi. Memory Tracer’s enclosure is cast from
Rockite, which is a water based rapid setting fine cement. After
casting the enclosure, we sanded it to a glossy finish using 2000
grit sandpaper. The display uses a Unicorn HAT HD, which is a
16x16 super bright multicolor LED matrix. Each pixel is connected
to fiber optic cable, which is routed through the cement to ensure
optimal light diffusion on the front of the device.

5.2 Memory Tracer: Scenario
WhenMemory Tracer is turned on, it connects to the user’s location
history archive and randomly selects a number that is between 1 and

the total age of the archive. For example, if a user’s location history
archive spans 10 years, Memory Tracer will randomly choose a
number between 1-10. As the archive ages, this time span slowly
widens (e.g., next year when the archive is 11 years old, the random
selection will be between 1-11, and so on). A cornerstone of the
design is this random number is used for two things: forecasting
how many days into the future until new moments will arrive and
selecting how many years from the past those moments will be.

Consider the scenario visualized in Figure 7 and demonstrated
in one of the supplementary videos to this paper. Here, the current
date is June 14, 2022, andMemory Tracer’s random algorithm selects
a “7” from a 10-year-old archive. Memory Tracer then forecasts
out, from the present, 7 days in the future to June 21st and selects
a location day 7 years in the past (on June 21, 2015, in this case).1
The system finds that 7 years ago on June 21st the user was in Key
West, Florida, USA. Memory Tracer will then begin slowly tracing
the location day by gradually producing a map of Key West on its
16x16 pixel display. The map will come into view pixel by pixel over
the course of the next 7 days until June 21st. when the moments
are fully revealed. During this tracing process, the user can press a
button on the back of Memory Tracer to toggle through additional
hints about the location day: 1) distance away from current location,
2) total distance traveled, 3) altitude, 4) temperature, 5) activity, 6)
year, 7) city name, 8) point of interest. As the reveal date nears,
more of this information is available.

In this scenario, on June 18th approximately half of the map will
be visible, and half the hints will be available. Likely the location
will not yet be intelligible to the user (see Figure 8). On June 21st
the final form of the moments is revealed: a completed map view
and access to all hints. The precise moment is shown with a red dot
1If there is no location data that corresponds with the random number, the random
selection will repeat until a location day is found.
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Figure 7: In this scenario, we have a 10-year archive, and 7 was randomly selected. Today is June 14, 2022. The algorithm will
forecast 7 days into the future to June 21, 2022. It then looks 7 years in the past to June 21, 2015.

Figure 8: As Memory Tracer surfaces a location day, the map visual slowly comes into view. On the day the moments are from,
the full map is shown, and all hints are available. Hints are shown by pressing a button on the back, which cycles through them.

and continually updates throughout the day. Access to the location
day remains present for the full day (i.e., 24 hours). Then, Memory
Tracer conducts the next selection, setting the date and location for
the next reveal, which will begin to surface on June 22, 2022. This
process continues indefinitely. The user has no control over when
or what moment’s will be traced.

5.3 Memory Tracer: Critical Reflection
Across making Memory Tracer and living with its final form, we
found it was consistently able to present an inviting but subtle lived-
with quality. Equally, we found it capable of supporting a range of
experiences—from deeply reflecting on its presence, to glancing at
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it via a fleeting reflection or, momentarily, to forget about it entirely.
The tracing tempo frequently prompted prospective reflections on
what date in the future the location day would arrive and from
what year in the past a memory might be triggered. As tracing
progressed, this could lead to a satisfying confirmation that the
place we speculated was the location day being surfaced. Or this
could lead to a change in perspective entirely if the map-based
representation remained difficult to interpret (e.g., a heavy amount
of blue was projected on the map, but we had no recollection of
being close to large bodies of water).

Experiences with Memory Tracer also provoked us to think
about time and our past in a unique way. Looking at Memory
Tracer causes a dual consideration of how far in the future the date
is and how far in the past the year is. This felt like a distinctly
different approach to priming reminiscence and recollection. It
often caused a higher-level reflection on what activities we were
doing during a period of time (i.e., 1 week, 1 month, 1 season) that
cut across the years of data. As Memory Tracer revealed more
context, often this manifesting location day served as a narrowing
of mental guiderails on what we likely should consider as the place
in our past it is originating. Occasionally, the revealed location day
would leave us with a perplexed feeling when we could not recollect
the location or were not sure why we were there on this particular
‘day in history.’ In several instances this prompted us to look back
through old calendars and photos, to try to remember why exactly
we were there. Yet other times,moments were revealed that tied to a
particular location or travels that had unique and specific memories
attached for example: a road trip with a sibling, the apartment of an
old friend, a visit to a famous landmark, or a meal at a memorable
restaurant.

6 MEMORY COMPASS
6.1 Memory Compass: Design Research Case
In contrast to explicit slowness shaping our creation of Memory
Tracer, our process for designing Memory Compass was influenced
by the quality of implicit slowness. The pacing of the artifact is not
enforced and can be freely controlled, but when combined with
other design qualities, it retains its slow, reflective qualities [81].

6.1.1 Form Explorations. Following our initial Photo Compass pro-
totype, we took inspiration from related design research that pro-
ductively balanced user control with relatively minimal feedback
to craft technologies that required time to understand, where a sen-
sibility for ‘reading’ and exploring the system gradually developed
through use and reflection [15, 57, 62, 80]. We considered different
forms for Memory Compass, which ranged from handheld compass-
like forms to bespoke near-eye devices that could guide one’s gaze
as potential moments were viewed. While we appreciated the po-
tential of a unique tangible device, we realized this could make it
become either tied to the home or stored elsewhere, limiting the
kinds of experiences we hoped to evoke.

Ultimately, this led to using a smartwatch, specifically the Ap-
ple Watch. It already fits within people’s lives, and the wearable
nature means it will travel in, around, and outside of the home. We
anticipated that these qualities could be important for supporting
unstructured, spontaneous experiences of everyday reminiscence.

We liked being able to quickly explore our location archive in rela-
tion to where we currently were in our everyday life. On a technical
level, the Apple Watch’s integrated combination of a gyroscope,
compass, haptics, and connection to a smartphone made it possible
to prototype different interaction design alternatives through sev-
eral iterative cycles of use and reflection among the design team.
Together, these qualities offered potential to support the higher-
level goal of creating an implicitly slow design artifact: one which
offers control but requires time to develop a sensibility on how it
works that can scale and change over time.

6.1.2 Interaction Explorations. Initially, we envisioned an almost
exclusively non-visual user interface for Memory Compass. We
wanted to foreground attention and interpretation to the embodied
act of retrieving (or ‘casting’) out into the world along a geographic
trajectory. Our hope was that these embodied interactions could
prime a space for pause, reflection, and, potentially, reminiscence
on themoment that might be retrieved. In the first major iteration of
Memory Compass, we experimented with approaches to physically
retrieving moments through metaphors of scanning (moving arm
left to right to left), throwing (similar to casting a fishing pole), and
flicking (a quick swipe up on the screen) (see Figure 9). While the
underlying system could be highly precise in translating a physical
movement, it was challenging to understand how we arrived at the
moment that was shown. Put simply, although the system was not
random, it felt random because it was so challenging to ‘learn’ how
the casting interaction worked. The feedback was so minimal, im-
precise, and unintelligible that it complicated the higher-level goals
of supporting longer-term experiences of everyday reminiscence.

After realizing the shortcomings of physically casting, we piv-
oted to a visual interface for setting distance and direction (see
Figure 10). This iteration was certainly easier to use and afforded
more understanding of where a cast may land, as one could see the
actual miles it would cast out. While this did open some experi-
ences of pre-interaction contemplation – “What moments might be
300 miles away in this direction?” – it did not provide the curious
experiences we had set out to create; overall it felt too precise and
quantitative. Another challenge was that so far, none of our designs
provided a way to know if a cast would land near any moments at
all, prior to casting. This lack of feedback required the user to cast
and re-cast repeatedly to attune themselves to what was around
them. While this fit with the goal of creating an implicitly slow
experience, it also made Memory Compass frustrating to use.

Eventually, we arrived at a design that provided a representa-
tion of where a cast would land that visualized precise values for
direction, distance, radius, and year in an abstracted way. We found
that we could mediate the tension of not knowing where exactly a
cast would land by displaying how many moments were within the
cast’s filters (see Figure 11). We found this iteration could support
experiences of pre-interaction contemplation such as – “Why are
there so many moments right here? What could this area be?” – “Oh,
I really thought that there would be some moments around here.”

We refined Memory Compass so each filter has a unique embod-
ied interaction along with visual and haptic feedback (see Figure
12). The direction filter is set by pivoting left and right, similar
to how one would use a real compass. The digital compass in the
smartwatch provides the precise direction. As the user turns, they
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Figure 9: Three of the embodied interactions that we explored. While we particularly liked the idea of a throwing motion
similar to fishing, it was too difficult to understand and left a feeling of total randomness in the interaction.

Figure 10: This version of the interface allowed precisely
fine-tuning the values of distance and direction.

can feel haptic ticks for each degree. The distance filter is set by ro-
tating their wrist outward to increase or rotating their wrist inward
to decrease. The precise value is provided by the watch’s gyroscope.
Visually a line extends to indicate the increase of distance. Haptic
pulses are also given to indicate the change. The radius filter is
set by turning the digital crown outward to increase or inward to
decrease. Visually the yellow circle adjusts in size, and the length
of time between haptic pulses increases as the radius does. The
year filter is adjusted through a long press on the screen. As the
user presses the screen a continuous haptic pattern will start. Ini-
tially the intensity of the haptic pulse will be quite high, indicating
a recent year. But the longer the press, the fainter the pulse will
become, indicating a year deeper back in time. Eventually the pulse
will stop, meaning that All Years are selected. All 4 filters are used
together and can be adjusted in any order. As filters are changed,
the current number of moments within the filter “net” is shown.

We were purposeful in designing a level of ambiguity into the
experience. We do not show the precise direction, distance, radius,
or year. At a computational level each of these filters has a pre-
cise value pulled from the compass, gyroscope, digital crown, and
length of press. These values are used to calculate and findmoments.
However, the user only sees and feels an abstracted form of these
precise values through the onscreen UI and the haptic feedback.

6.2 Memory Compass: Scenario
Consider the scenario visualized in Figure 13 and demonstrated in
one of the supplementary videos to this paper. The user has input
their desired filters and ‘casts’ by taping the screen. Upon casting,
a map is shown of where the cast landed. The direction the cast
came from is indicated by the green line (in this case it came from
north of San Francisco). The size of the cast (radius) is shown by
the yellow circle. If there are moments within the radius, Memory
Compass randomly selects one and represents it with a pin. The
user can Recast or View the moment. Upon viewing the moment,
they will see a close-up map along with the date, time, location
name (if available), city, activity (if available), weather, and altitude.
The user is free to reflectively consider when and where in their
past this moment ties back to, adjust the filters and recast, or simply
go about their day after a brief moment of reminiscence.

6.3 Memory Compass: Critical Reflection
From a high level, Memory Compass’ design qualities physically
situated us within our location history data and provided a casual
method of curiously exploring our past based on our current lo-
cation. Over time it became clear that Memory Compass could
support a wide range of experiences, from casting and pulling mo-
ments more locally to where we currently live, to supporting long
distance casts that pulled back from various places around the
world. Across different uses, the experience with Memory Compass
and the types of memories it might spark were deeply shaped by
where we geographically were when we used it.

When casting a short range around where we have recently
lived, we found Memory Compass could return moments that are
bound up within a recent time period. However, when Author 1
temporarily relocated to their family childhood home, moments
were easily pulled back from much deeper in time. Perhaps unsur-
prisingly, when occupying a location never visited before, short
casts were not as intriguing since the only moments that could be
pulled back had just occurred.

Medium casts (10-100 miles) could offer mixed results, sometimes
landing near forgottenmoments, other times near frequented places.
We found medium casts were productive in exploring around a
place we had lived for several years. The medium distance is quasi-
familiar – it is ‘relatively close,’ but it also emerged as a range
where one does not visit every day, week, or even month. We found
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Figure 11: The final version of Memory Compass used abstracted visuals to represent precise underlying filter values. The
number ofmoments, displayed at the top, helped attune the user to where they were exploring before casting, giving rise to
experiences of pre-interaction.

Figure 12: The interactions to adjust the direction, distance, radius, and year filters for Memory Compass

the radius filter could act as a way to increase the randomness or
conversely let us pinpoint a particular part of the area.

Long range (100-1000 miles) nearly always generated a sense
of curiosity around what might come back. At first, they were
challenging to grasp and required us to adjust the filters to find any
moments at all. The ability to see a continually updated number of
moments within the current filters was particularly helpful at this
range. Landing on faraway moments brought back a spectrum of
memories we often had not consider or recollected on in several
years. Slowly adjusting the radius smaller and smaller was particu-
larly helpful at this range to ‘hone-in-on’ more specific areas of the
world we had visited.

Yet, our cultivated sensibility had its limits. Super long casts
(1000+ miles) remained hard to control as a couple degree direction
shift would change the cast point by hundreds of miles. Nonetheless,

this unpredictability added an intriguing quality – whichever mo-
ment was retrieved remained a unique result from the combination
of embodied actions in the present with Memory Compass and
unique location history data bound up in ‘some part’ of the world.
Over time, we began to reflectively consider the relative direction,
distance, radius, and year that we would be applied to a cast, before
we would cast, and thought more deeply about the memories that
might be returned.

7 DISCUSSION AND DESIGN OPPORTUNITIES
Developing approaches to enable location history data to better
operate as a rich resource for supporting experiences of everyday
reminiscence, recollection, and reflection over time, presents impor-
tant opportunities for the HCI community. Through accounting and
critically reflecting on our practice-based design research process
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Figure 13: Once the filters are adjusted and the cast is ‘launched’, Memory Compass will show a map of where it landed, the
radius size, and a pin if it found a moment in this area. The user can Recast or View the moment. Moment details show a closer
map, date, time, location name, city, activity (if available), weather, and altitude.

for Memory Tracer and Memory Compass, we highlight opportuni-
ties and challenges that come with this emerging space and insights
into how they could be better grappled with in future research and
practice.

7.1 Leveraging Pre-Interaction and Anticipatory
Interaction to Prime Different Forms of
Memory-Oriented Experiences with
Location History

Investigations into the experience of anticipation with interactive
systems is an ongoing area of HCI research. Here, anticipation
is commonly characterized as unfolding in two stages. First is a
phase where experiences accumulate; intrigue, contemplation, and
tension build over time. The second phase is when tension is re-
leased, and one interprets the content that is revealed (e.g., see
[70]). Designing for anticipation is important for slow technology
design artifacts because it can lead to sustained interactions that
may strengthen attachment and enable them to become embedded
within people’s lives over time – a crucial quality for supporting
ongoing experiences of everyday reminiscence. Recent research
[81] has pointed to pre-interaction – the expanded set of experiences
that could be designed for prior to interaction in the first phase of
anticipation – as a productive design quality for priming reminis-
cence by prompting people to interpretatively connect elements of
personal data to prior points in their life (and vice versa). While

promising, only a handful of design artifacts exist that mobilize this
approach (e.g., [17, 79, 84]) and none have explored it in the context
of location histories. Our work extends this growing research area
by concretely demonstrating new forms of pre-interaction (and
anticipatory interactions that may follow) that can prime memory-
oriented experiences with personal location history data in valuable
ways.

7.1.1 Memory Tracer: Combining Randomness, Temporal Expres-
sion, and Pacing to Gradually Interweave Moments from the Past,
Present, and Future. Prior HCI research has shown how random-
ness can operate as a resource for catalyzing reminiscence and
reflection with large archives of personal data [65, 84, 114]. Yet, in
our case, making Memory Tracer’s moment selection algorithm
entirely random in an unbounded way would have rendered each
moment to have no reference to which date or year in the past it
originates. Memory Tracer illustrates how unique, evolving pre-
interaction experiences could emerge through randomly selecting
a near future calendar day that a moment occurred on in the past;
and, then using the moment’s historical ‘age’ as a factor shaping
the number of days until the moment is revealed. In other words,
a day in one’s future is tied to a specific time and place in one’s
past, that is experienced in the present through ongoing cycles of
tracing and revealing. This quality can trigger various experiences
to accumulate around Memory Tracer in the pre-interaction phase.

The early stages of a moment’s tracing (and tracing tempo) sup-
ported anticipatory reflections over which future date the ‘day
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in history’ might be anchored. The map progressively showing
more—indicating that themoment would soon be revealed—showed
promise to prime retrospective reflections that cut across life ex-
periences from prior years that were situated around a particular
calendrical date (or set of nearby dates). Such encounters could give
rise to a range of recollections–from where one may have been and
with whom, to considerations of how one’s life has changed across
years around this point in the calendar, to simply recalling fuzzier
associations tied to a particular season or annual event. These
open-ended experiences of everyday reminiscence ranged from
a few fleeting moments prompted by casual notice of a nascent
visual trace to deeper reflective considerations as a potentially
recognizable map-based moment came into perceptual view and its
relative age could be inferred through the tracing tempo.

7.1.2 Memory Compass: Foregrounding Geographic Awareness to
Prime Interactions with Moments Across Space and Time. Memory
Compass also has a minimal interface, form, and aesthetic, though it
is notably different through adopting an implicitly slow design qual-
ity that enables user control of retrieving specific spatial-temporal
moments in their past. These qualities could prompt a remarkably
different form of pre-interaction that was more geographic and
embodied. After configuring the casting filters but prior to enacting
the cast, we could be compelled to pause and reflect on our current
location, geographic orientation, and what specific moments in
our past might come back. This memory-oriented way of contem-
plating geographic space and place over time, configured how we
thought about the relations of our own life stages and memories
tied to places across time, which could lead to cycles of interaction
and reflection. These ranged from anticipating other geographi-
cally clustered moments that could be retrieved through similar
casts after an initial moment triggered a significant recollection, to
simply adjusting the strength or orientation of the cast in anticipa-
tion of the surprising discoveries that might be revealed. Our own
movement through space also led to an increased awareness of how
location shaped the moments returned to us. This was particularly
revealing when the first author temporarily moved from where
they had attended university to their family home, thereby shifting
the relative ‘nearby’ moments more easily accessible via shorter
casts from recent, largely mundane, moments in their life to a rich
pastiche of places bound to their earlier formative years.

7.1.3 Comparison of Explicit and Implicit Slowness as Design Qual-
ities for Supporting Everyday Reminiscence with Location History
Data. Collectively, the insights generated through our design led
process demonstrate an advance for how the HCI community can
leverage qualities of pre-interaction and anticipation to design
for everyday reminiscence. Memory Tracer illustrates how pre-
interaction can be mobilized and extended not only through subtle,
gradual changes in the design artifact’s output (e.g., light-based
visual changes) but also through leveraging the pacing itself as
a form of shifting temporal expression. These qualities can come
together to prime experiences of reminiscence on past experiences
bound to places that continually recur and diverge across the calen-
dar year, and which subtly expand as the location history archive
and user age over time. The case of Memory Compass shows that
users can be extended a degree of control in ways that do not com-
promise the ability to support experiences of pre-interaction that

prime reminiscence. Memory Compass’ minimal design paired with
spatial and temporal filters as well as one’s own embodied sensi-
bility for retrieving moments through casting, generate a sense of
unpredictability that supports cycles of anticipation and reflection.
Equally, these design qualities could prime a space for reflection
prior to casting, where a user can anticipate what might emerge
from their past in relation to their present geographical orientation.

In this way, our work bridges research on designing for pre-
interaction with techniques for supporting interactive cycles of
anticipation and reflection. There is a need for future research to
explore how these combined techniques can be used to create new
applications that support experiences of everyday reminiscence
with location history data. The combined creation of both Mem-
ory Tracer and Memory Compass – and the different perspectives
on location history they generated – suggest there are opportu-
nities for exploring how multiple design artifacts with differing
design qualities could work together to enable users to develop
rich memory-oriented perspectives on, pathways through, and in-
teractions with large and growing personal history data archives.
There is an opportunity to develop design patterns that illustrate
how people can move among ceding autonomy to explicitly slow sys-
tems, like Memory Tracer, that make time for pause and reflection
through uncontrollable, gradually changing expressions of loca-
tion histories, and to enacting control of implicitly slow systems, like
Memory Compass, to anticipate and explore different moments in
one’s history across space and time. Beyond creating new systems
and artifacts for supporting everyday reminiscence, future research
could extend concepts for slow technology by contributing to the
call for more diverse exemplars of how speed and pacing are con-
ceptualized and how more temporally diverse design strategies can
be enacted [16, 67, 99, 101, 125].

7.2 Tools for Getting a Grasp on Location
History as a Design Material

Our practice-based design research revealed a need for new inter-
active tools to better support interaction designers and researchers
in industry and academia working with location history data. Our
early experiments for organizing and working with location data
were incredibly crude on a tangible and visual level. This part of our
design process required developing ways to parse and grapple with
different elements within huge JSON files, that comprise location
history data. This initially hampered our sensibility for understand-
ing and working with spatio-temporal aesthetics of location history
data and the potential value they could have as a resource for every-
day reminiscence. In working through these challenges, we decided
to create a framework for classifying location data as moments and
location days, which ultimately informed our final designs.

We iteratively created a range of visual assets that helped us
grasp what location history data is, and we developed techniques
for organizing location history archives into different spatial, ge-
ographic, and temporal formats. These experiments ranged from
map-based representations to visual traces of one’s locational move-
ment across days, weeks, and years. This helped us get a handle on
how we might conceptually and practically deal with the sheer size
and scale of location history datasets. Another challenge we encoun-
tered centered on the changing stability of location history data.
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Many months into our design process, Google Timeline introduced
several changes in the way the data was stored and structured.
This required us to adjust and refactor our code for classifying and
surfacing moments from the archive.

These collective issues present very real complications that chal-
lenge the capacity for design researchers to create new relations
to and perspectives through personal data. These challenges in-
tersect with calls for more diverse and extensible approaches for
“breaking data free” in the service of creating stable versions that
can be safeguarded, creatively manipulated, and given new and
unexpected forms [24, 126, 127]. Building on recent work situating
data as a design material to be better understood through practice
[16, 26, 63, 88, 115, 127], there is an opportunity to create new in-
teractive systems that support designers in organizing, visualizing,
and prototyping different spatial and temporal patterns, themes,
and variations in large personal historical archives. Like how our
early experiments in working with location data to understand
what it ‘is’ (through visualizing it on map-based representations)
were critical in developing interaction and experience designs, such
resources and tools could actively support the development of richer
inspirational resources that can be scaffolded in the next stages of
the design process.

While GPS and GIS data visualization tools exist, they are cum-
bersome and not well suited for the creative, fast-moving explo-
rations that are needed in the early stage of the design process. We
imagine tools that will not only enable designers to diversify and
extend their capacity to work with data as a design material, but
equally help generate opportunities that better respond to calls in
the design research community to create design artifacts that ex-
emplify rich and diverse alternative expressions of personal data in
everyday life [30, 31, 51, 60, 105]. Indeed, researchers have already
begun to develop initiatives to support designers in getting a grasp
on the immateriality of data, algorithms, and network connectivity
[13, 28, 36, 90] that could be leveraged in support of future research
in this direction, as could research on developing tools for designers
[72, 109].

7.3 Ethical and Logistical Challenges of
Personal Location Data as a Design Material

Finally, we critically reflect on key ethical and logistical challenges
of recording and using personal location histories that we encoun-
tered through our research.

7.3.1 Tensions in the Adoption of Location Tracking. While the se-
curity around any form of personal data (documents, photos, music,
etc.) is important, location data poses a particularly high risk due to
its ability to reveal a magnitude of sensitive personal information
bound up within the data. Naturally this may make people resis-
tant to using location tracking services such as Google Timeline
[42]. There is a tension between the value of recording a personal
log of one’s previous locations and the fact that this data is often
collected and stored by organizations driven by economic incen-
tives to profit from that data. While there are still few devices and
applications which meaningly leverage location data, the personal
value of generating it can often be unknown to the end user.

7.3.2 Security and Access to Location Data. A specific challenge
we encountered while using Google Maps Timeline data during the
research, was the lack of an API. This posed an inconvenience for us
as designers – we needed to occasionally login to Google Takeout
and manually export and download our most recent data. This was,
however, a positive trade-off for us as the owners of our data –
we knew our entire location history could not be accessed, unbe-
knownst to us, by an unscrupulous third-party software. However,
giving end users better options on how to store and sync their pri-
vate location data with other devices and services is needed. There
is an opportunity for exploring new options to securely backup or
sync the data directly from one’s mobile phone (where it is being
recorded) to external devices, without ever sending it to a remote
server. If all data remained encrypted and computation occurred
locally on personal devices, collectively these could be starting
points for data intermediation [64, 120] – where personal location
histories are aggregated and put back into the hands of end users.

7.3.3 No Universal Format for Location Data. Another current chal-
lenge is that there is no universal format for location data, even
though there have been attempts, namely GPX [44] and KML [61].
Custom JSON or CSV formats are often used when a user requests
an export of their data. Additionally, services occasionally change
their own formats, which happened with Google Maps Timeline
during our research. This inconsistency poses a challenge for de-
signers and end users. Designers need to be comfortable parsing
large data sets with custom scripts to easily work with location
data as a design material. Users can find it challenging to know
how to directly engage with their data—to view and experience
it—outside of the application that created it. Both situations can
make location histories feel intangible and unable to be owned,
explored, and lived with in an ongoing way.

8 CONCLUSION AND FUTUREWORK
Through grounding our practice-based design research in the pro-
posals of Memory Tracer and Memory Compass, our work con-
tributes to growing calls in the HCI and design communities to cre-
ate design artifacts and exemplars capable of a) supporting situated
experiences of everyday reminiscence and reflection [8, 20, 41, 49];
b) opening broader possibilities for forming relations to our grow-
ing archives of personal digital data [30, 31, 51, 88, 105]; and c)
extending concepts of slowness and temporality through design
[67, 81, 98, 118]. Our detailed unpacking of the Memory Tracer and
Memory Compass design cases helps make real differing, yet com-
plementary approaches of using location history data as a design
resource for exploring, contemplating, and reminiscing on places
bound up in one’s life history.

Our research offers new insights on how personal location his-
tory archives might be experienced as they continue to evolve and
expand, suggesting that location data can offer a valuable resource
for supporting everyday reminiscence that can scale over time. A no-
table limitation of our practice-based approach is that our research
is constrained to our own first-hand experiences of making and
encountering Memory Compass and Memory Tracer. To address
this limitation, in our future research, we aim to conduct field de-
ployment studies of both design artifacts to better understand their
potential benefits and limitations through people’s real and situated
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experiences of them over time. Additionally, our work focused on
using a single person’s location history data without combining it
with any of their other data or another person’s location history.
We strategically chose the ‘limitation’ of only using location his-
tory as a primary form of data to push the design team on creative,
conceptual, and practical levels. There is a clear opportunity for
future work to investigate how personal location histories might
be combined with other forms of personal data (e.g., notes, voice
memos, music listening histories, fitness health data, etc.) to open
unique ways for reminiscing on and exploring one’s past. Another
opportunity for future work is to investigate the social dimensions
of combining and comparing location histories of close friends or
loved ones.

Importantly, our aim is not to be conclusive. Rather, we aimed
to unpack and critically reflect on Memory Tracer and Memory
Compass in a generative way to inspire future design research that
inquires into the spatial, locational, and temporal expressions of
personal data in people’s everyday environments. On a broader
level, we hope that our critical-reflexive description of Memory
Tracer andMemory Compass, and discussion of the resulting oppor-
tunities and challenges they raise, can be appreciated as an effort
to better support design-oriented forms of knowledge production
in the HCI community.
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tions. This research is supported by the Natural Sciences and Engi-
neering Research Council of Canada (NSERC), the Social Sciences
and Humanities Research Council of Canada (SSHRC), and the
Canada Foundation for Innovation (CFI).

REFERENCES
[1] Archer, B. 1992. The nature of research in design and design education. The

nature of research into design and technology education. (1992), 7–14.
[2] Banks, R. et al. 2012. A design perspective on three technology heirlooms.

Human–Computer Interaction. 27, 1–2 (2012), 63–91.
[3] Bardzell, J. et al. 2016. Documenting the Research Through Design Process.

Proceedings of the 2016 ACM Conference on Designing Interactive Systems (New
York, NY, USA, 2016), 96–107.

[4] Bauer, P.J. et al. 2012. It’s all about location, location, location: Children’smemory
for the “where” of personally experienced events. Journal of Experimental Child
Psychology. 113, 4 (Dec. 2012), 510–522. DOI:https://doi.org/10.1016/j.jecp.2012.
06.007.

[5] Belk, R.W. 1990. The role of possessions in constructing and maintaining a sense
of past. ACR North American Advances. (1990).

[6] Biggs, M.A.R. and Büchler, D. 2007. Rigor and Practice-based Research. Design
Issues. 23, 3 (2007), 62–69.

[7] Bilandzic, M. and Foth,M. 2012. A review of locativemedia, mobile and embodied
spatial interaction. International Journal of Human-Computer Studies. 70, 1 (2012),
66–71.

[8] Bowen, S. and Petrelli, D. 2011. Remembering today tomorrow: Exploring the
human-centred design of digital mementos. International Journal of Human-
Computer Studies. 69, 5 (May 2011), 324–337. DOI:https://doi.org/10.1016/j.ijhcs.
2010.12.005.

[9] Bowler, R.D. et al. 2022. Exploring Uncertainty in Digital Scheduling, and The
Wider Implications of Unrepresented Temporalities in HCI. Proceedings of the
2022 CHI Conference on Human Factors in Computing Systems (New York, NY,
USA, Apr. 2022), 1–12.

[10] Casey, E.S. 2009. Remembering: A phenomenological study. Indiana University
Press.

[11] Chatting, D. et al. 2017. Making Ritual Machines: The Mobile Phone as a Net-
worked Material for Research Products. Proceedings of the 2017 CHI Conference
on Human Factors in Computing Systems. Association for Computing Machinery.
435–447.

[12] Chatting, D. et al. 2017. Making Ritual Machines: The Mobile Phone as a Net-
worked Material for Research Products. (May 2017), 435–447.

[13] Chatting, D. 2022. The Approximate Library.
[14] Chaudhury, H. 1999. Self and Reminiscence of Place: AConceptual Study. Journal

of Aging and Identity. 4, 4 (Dec. 1999), 231–253. DOI:https://doi.org/10.1023/A:
1022835109862.

[15] Chen, A.Y.S. et al. 2019. Chronoscope: ANear-eye Tangible Device for Interacting
with Photos In and Across Time. Companion Publication of the 2019 on Designing
Interactive Systems Conference 2019 Companion (New York, NY, USA, 2019), 1–4.

[16] Chen, A.Y.S. et al. 2019. Chronoscope: Designing Temporally Diverse Inter-
actions with Personal Digital Photo Collections. Proceedings of the 2019 on
Designing Interactive Systems Conference (2019), 799–812.

[17] Chen, A.Y.S. 2015. CrescendoMessage: Articulating Anticipation in Slow Messaging.
National Taiwan University of Science and Technology.

[18] Chen, A.Y.S. and Odom, W. 2021. Crafting temporality in design: Introducing a
designer-researcher approach through the creation of Chronoscope. The Rout-
ledge International Handbook of Practice-Based Research. Routledge. 368–380.

[19] Clark, R.M. 2020. Geospatial Intelligence: Origins and Evolution. Georgetown
University Press.

[20] Cosley, D. et al. 2012. Experiences With Designing Tools for Everyday Remi-
niscing. Human–Computer Interaction. 27, 1–2 (Apr. 2012), 175–198. DOI:https:
//doi.org/10.1080/07370024.2012.656047.

[21] Cosley, D. et al. 2009. Using Technologies to Support Reminiscence. (Sep. 2009).
DOI:https://doi.org/10.14236/ewic/HCI2009.60.

[22] Cushing, A.L. 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.

[23] Desjardins, A. and Ball, A. 2018. Revealing Tensions in Autobiographical Design
in HCI. Proceedings of the 2018 Designing Interactive Systems Conference (New
York, NY, USA, 2018), 753–764.

[24] Desjardins, A. and Biggs, H.R. 2021. Data Epics: Embarking on Literary Journeys
of Home Internet of Things Data. Proceedings of the 2021 CHI Conference on
Human Factors in Computing Systems (New York, NY, USA, May 2021), 1–17.

[25] Desjardins, A. and Key, C. 2020. Parallels, Tangents, and Loops: Reflections on
the “Through” Part of RtD. Proceedings of the 2020 ACM Designing Interactive
Systems Conference. Association for Computing Machinery. 2133–2147.

[26] Desjardins, A. and Tihanyi, T. 2019. ListeningCups: A Case of Data Tactility and
Data Stories. Proceedings of the 2019 on Designing Interactive Systems Conference
(New York, NY, USA, Jun. 2019), 147–160.

[27] van Dongen, P. et al. 2019. Towards a Postphenomenological Approach to
Wearable Technology through Design Journeys. (Sep. 2019).

[28] Dove, G. et al. 2017. UX Design Innovation: Challenges for Working with Ma-
chine Learning as a Design Material. Proceedings of the 2017 CHI Conference on
Human Factors in Computing Systems (2017), 278–288.

[29] Elsden, C. et al. 2016. A Quantified Past: Toward Design for Remembering With
Personal Informatics. Human–Computer Interaction. 31, 6 (Nov. 2016), 518–557.
DOI:https://doi.org/10.1080/07370024.2015.1093422.

[30] Elsden, C. et al. 2017. Designing Documentary Informatics. Proceedings of the
2017 Conference on Designing Interactive Systems (2017), 649–661.

[31] Elsden, C. et al. 2016. Fitter, Happier, More Productive: What to Ask of a Data-
driven Life. interactions. 23, 5 (Aug. 2016), 45–45. DOI:https://doi.org/10.1145/
2975388.

[32] Elsden, C. et al. 2016. It’s Just My History Isn’t It?: Understanding Smart Jour-
naling Practices. Proceedings of the 2016 CHI Conference on Human Factors in
Computing Systems (San Jose California USA, May 2016), 2819–2831.

[33] Fallman, D. 2003. Design-oriented human-computer interaction. Proceedings of
the SIGCHI conference on Human factors in computing systems (2003), 225–232.

[34] Faste, H. 2017. Intuition in Design: Reflections on the Iterative Aesthetics of
Form. Proceedings of the 2017 CHI Conference on Human Factors in Computing
Systems (New York, NY, USA, May 2017), 3403–3413.

[35] Frayling, C. 1993. Research in art and design. Royal College of Art London.
[36] Frens, J. et al. 2018. Designing the IoT Sandbox. Proceedings of the 2018 Designing

Interactive Systems Conference (New York, NY, USA, Jun. 2018), 341–354.
[37] Frohlich, D. and Murphy, R. 2000. The Memory Box. Personal Technologies. 4, 4

(Dec. 2000), 238–240. DOI:https://doi.org/10.1007/BF02391566.
[38] Gary Wolf: The quantified self | TED Talk: https://www.ted.com/talks/gary_

wolf_the_quantified_self . Accessed: 2022-04-15.
[39] Gaver, W. et al. 2022. Emergence as a Feature of Practice-based Design Research.

Designing Interactive Systems Conference (New York, NY, USA, Jun. 2022), 517–
526.

[40] Gaver, W. 2012. What should we expect from research through design? Pro-
ceedings of the SIGCHI conference on human factors in computing systems (2012),
937–946.

https://doi.org/10.1016/j.jecp.2012.06.007
https://doi.org/10.1016/j.jecp.2012.06.007
https://doi.org/10.1016/j.ijhcs.2010.12.005
https://doi.org/10.1016/j.ijhcs.2010.12.005
https://doi.org/10.1023/A:1022835109862
https://doi.org/10.1023/A:1022835109862
https://doi.org/10.1080/07370024.2012.656047
https://doi.org/10.1080/07370024.2012.656047
https://doi.org/10.14236/ewic/HCI2009.60
https://doi.org/10.1080/07370024.2015.1093422
https://doi.org/10.1145/2975388
https://doi.org/10.1145/2975388
https://doi.org/10.1007/BF02391566
https://www.ted.com/talks/gary_wolf_the_quantified_self
https://www.ted.com/talks/gary_wolf_the_quantified_self


CHI ’23, April 23–28, 2023, Hamburg, Germany Jordan White et al.

[41] van Gennip, D. et al. 2015. Things That Make Us Reminisce: Everyday Memory
Cues As Opportunities for Interaction Design. Proceedings of the 33rd Annual
ACM Conference on Human Factors in Computing Systems (New York, NY, USA,
2015), 3443–3452.

[42] Google Is Tracking You, but There Are Ways to Try to Stop It:
https://www.cnet.com/tech/services-and-software/google-is-tracking-
you-but-there-are-ways-try-to-stop-it/. Accessed: 2022-03-21.

[43] Google Mapes Timeline: https://timeline.google.com/maps. Accessed: 2022-01-
07.

[44] GPX: the GPS Exchange Format: https://www.topografix.com/gpx.asp. Accessed:
2022-03-20.

[45] Gulotta, R. et al. 2015. Curatorial agents: How systems shape our understanding
of personal and familial digital information. Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems (2015), 3453–3462.

[46] Hallnäs, L. et al. 2001. Expressions: towards a design practice of slow technol-
ogy. Proceedings of the human–computer interaction conference (Interact ‘01),
Amsterdam, The Netherlands (2001), 447–454.

[47] Hallnäs, L. and Redström, J. 2001. Slow Technology – Designing for Reflection.
Personal Ubiquitous Comput. 5, 3 (Jan. 2001), 201–212. DOI:https://doi.org/10.
1007/PL00000019.

[48] Hidalgo, M.C. and Hernández, B. 2001. Place Attachment: Conceptual and Em-
pirical Questions. Journal of Environmental Psychology. 21, 3 (Sep. 2001), 273–281.
DOI:https://doi.org/10.1006/jevp.2001.0221.

[49] van den Hoven, E. 2014. A future-proof past: Designing for remembering expe-
riences. Memory Studies. 7, 3 (Jul. 2014), 370–384. DOI:https://doi.org/10.1177/
1750698014530625.

[50] van den Hoven, E. et al. 2021. Possessions and memories. Current Opinion in
Psychology. 39, (Jun. 2021), 94–99. DOI:https://doi.org/10.1016/j.copsyc.2020.08.
014.

[51] Howell, N. et al. 2019. Life-Affirming Biosensing in Public: Sounding Heartbeats
on a Red Bench. Proceedings of the 2019 CHI Conference on Human Factors in
Computing Systems (New York, NY, USA, May 2019), 1–16.

[52] Hsieh, H.-F. and Wang, J.-J. 2003. Effect of reminiscence therapy on depression
in older adults: a systematic review. International journal of nursing studies. 40,
4 (2003), 335–345.

[53] Huh, J. et al. 2007. Beyond usability: taking social, situational, cultural, and other
contextual factors into account. CHI’07 Extended Abstracts on Human Factors in
Computing Systems (2007), 2113–2116.

[54] Kalnikaite, V. et al. 2010. Now let me see where i was: understanding how lifelogs
mediate memory. Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (New York, NY, USA, Apr. 2010), 2045–2054.

[55] Khot, R.A. et al. 2022. Designing for Microbreaks: Unpacking the Design Journey
of Zenscape. Sixteenth International Conference on Tangible, Embedded, and
Embodied Interaction. Association for Computing Machinery. 1–16.

[56] Kim, H. and Chen, J.S. 2019. The Memorable Travel Experience and Its Rem-
iniscence Functions. Journal of Travel Research. 58, 4 (Apr. 2019), 637–649.
DOI:https://doi.org/10.1177/0047287518772366.

[57] Kim, J. 2020. SLOWPIXELS: Slow-design for reflective retrieval of personal
photos. (Feb. 2020).

[58] Kim, S. et al. 2022. Slide2Remember: an Interactive Wall Frame Enriching Remi-
niscence Experiences by Providing Re-encounters of Taken Photos and Heard
Music in a Similar Period. Designing Interactive Systems Conference (New York,
NY, USA, Jun. 2022), 288–300.

[59] Kirk, D.S. et al. 2010. Opening Up the Family Archive. Proceedings of the 2010
ACM Conference on Computer Supported Cooperative Work (New York, NY, USA,
2010), 261–270.

[60] Kirk, D.S. et al. 2016. Ritual Machines I & II: Making Technology at Home.
Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems
(2016), 2474–2486.

[61] KML Documentation Introduction | Keyhole Markup Language: https://
developers.google.com/kml/documentation. Accessed: 2022-03-21.

[62] Lee, K.-R. et al. 2020. DayClo: An Everyday Table Clock Providing Interaction
with Personal Schedule Data for Self-reflection. Proceedings of the 2020 ACM
Designing Interactive Systems Conference. Association for Computing Machinery.
1793–1806.

[63] Lee-Smith, M. et al. 2019. The Data Hungry Home. Proceedings of the Halfway
to the Future Symposium 2019 (New York, NY, USA, Nov. 2019), 1–10.

[64] Lehtiniemi, T. and Haapoja, J. 2020. Data agency at stake: MyData activism and
alternative frames of equal participation. New Media & Society. 22, 1 (Jan. 2020),
87–104. DOI:https://doi.org/10.1177/1461444819861955.

[65] Leong, T.W. et al. 2006. Randomness As a Resource for Design. Proceedings of
the 6th Conference on Designing Interactive Systems (New York, NY, USA, 2006),
132–139.

[66] Lindley, S. et al. 2013. Changing perspectives of time in HCI. CHI ’13 Extended
Abstracts on Human Factors in Computing Systems (Paris, France, Apr. 2013),
3211–3214.

[67] Lindley, S.E. 2015. Making Time. Proceedings of the 18th ACM Conference on
Computer Supported Cooperative Work & Social Computing (New York, NY, USA,

2015), 1442–1452.
[68] Lupton, D. 2016. The Quantified Self. Polity.
[69] Mazé, R. and Redström, J. 2005. Form and the computational object. Digital Cre-

ativity. 16, 1 (Jan. 2005), 7–18. DOI:https://doi.org/10.1080/14626260500147736.
[70] McCarthy, J. and Wright, P. 2004. Technology as experience. MIT Press.
[71] McGookin, D. 2019. Reveal: Investigating Proactive Location-Based Reminiscing

with Personal Digital Photo Repositories. Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems. Association for Computing Machinery.
1–14.

[72] Mendels, P. et al. 2011. Freed: a system for creating multiple views of a digital
collection during the design process. Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (2011), 1481–1490.

[73] Mols, I. et al. 2020. Everyday Life Reflection: Exploring Media Interaction with
Balance, Cogito & Dott. Proceedings of the Fourteenth International Conference on
Tangible, Embedded, and Embodied Interaction (New York, NY, USA, Feb. 2020),
67–79.

[74] Nelson, H.G. and Stolterman, E. 2003. The design way: Intentional change in
an unpredictable world: Foundations and fundamentals of design competence.
Educational Technology.

[75] Neustaedter, C. and Sengers, P. 2012. Autobiographical design in HCI research:
designing and learning through use-it-yourself. Proceedings of the Designing
Interactive Systems Conference (New York, NY, USA, Jun. 2012), 514–523.

[76] Nike Run Club App: https://www.nike.com/nrc-app. Accessed: 2022-01-07.
[77] Nunes,M. et al. 2008. SharingDigital Photographs in theHomeThrough Physical

Mementos, Souvenirs, and Keepsakes. Proceedings of the 7th ACM Conference on
Designing Interactive Systems (New York, NY, USA, 2008), 250–260.

[78] Obrenović, Ž. 2011. Design-based research: what we learn when we engage in
design of interactive systems. Interactions. 18, 5 (Sep. 2011), 56–59. DOI:https:
//doi.org/10.1145/2008176.2008189.

[79] Odom, W. et al. 2018. Attending to Slowness and Temporality with Olly and
Slow Game: A Design Inquiry Into Supporting Longer-Term Relations with
Everyday Computational Objects. Proceedings of the 2018 CHI Conference on
Human Factors in Computing Systems (New York, NY, USA, 2018), 77:1-77:13.

[80] Odom, W. et al. 2020. Exploring the Reflective Potentialities of Personal Data
with Different Temporal Modalities: A Field Study of Olo Radio. Proceedings of
the 2020 ACM Designing Interactive Systems Conference (New York, NY, USA, Jul.
2020), 283–295.

[81] Odom, W. et al. 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.

[82] Odom, W. et al. 2019. Investigating Slowness As a Frame to Design Longer-Term
Experiences with Personal Data: A Field Study of Olly. Proceedings of the 2019
CHI Conference on Human Factors in Computing Systems (New York, NY, USA,
2019), 34:1-34:16.

[83] Odom, W. et al. 2012. Lost in Translation: Understanding the Possession of
Digital Things in the Cloud. Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (New York, NY, USA, 2012), 781–790.

[84] Odom,W. et al. 2012. Photobox: On the Design of a Slow Technology. Proceedings
of the Designing Interactive Systems Conference (New York, NY, USA, 2012), 665–
668.

[85] Odom, W. et al. 2014. Placelessness, Spacelessness, and Formlessness: Experi-
ential Qualities of Virtual Possessions. Proceedings of the 2014 Conference on
Designing Interactive Systems (New York, NY, USA, 2014), 985–994.

[86] Odom,W. et al. 2012. Slow Technology: Critical Reflection and Future Directions.
Proceedings of the Designing Interactive Systems Conference (New York, NY, USA,
2012), 816–817.

[87] Odom, W. et al. 2018. Time, Temporality, and Slowness: Future Directions for
Design Research. Proceedings of the 2018 ACM Conference Companion Publication
on Designing Interactive Systems (New York, NY, USA, 2018), 383–386.

[88] Odom,W. andDuel, T. 2018. On the Design of OLORadio: InvestigatingMetadata
As a Design Material. Proceedings of the 2018 CHI Conference on Human Factors
in Computing Systems (New York, NY, USA, 2018), 104:1-104:9.

[89] Odom, W.T. et al. 2014. Designing for Slowness, Anticipation and Re-visitation:
A Long Term Field Study of the Photobox. Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (New York, NY, USA, 2014), 1961–1970.

[90] Ozenc, F.K. et al. 2010. How to support designers in getting hold of the immaterial
material of software. Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems. Association for Computing Machinery. 2513–2522.

[91] Peesapati, S.T. et al. 2010. Pensieve: Supporting Everyday Reminiscence. Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing Systems (New
York, NY, USA, 2010), 2027–2036.

[92] Petrelli, D. et al. 2008. AutoTopography: what can physical mementos tell us
about digital memories? Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (2008), 53–62.

[93] Petrelli, D. et al. 2010. FM Radio: Family Interplay with Sonic Mementos. Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing Systems (New
York, NY, USA, 2010), 2371–2380.

https://www.cnet.com/tech/services-and-software/google-is-tracking-you-but-there-are-ways-try-to-stop-it/
https://www.cnet.com/tech/services-and-software/google-is-tracking-you-but-there-are-ways-try-to-stop-it/
https://timeline.google.com/maps
https://www.topografix.com/gpx.asp
https://doi.org/10.1007/PL00000019
https://doi.org/10.1007/PL00000019
https://doi.org/10.1006/jevp.2001.0221
https://doi.org/10.1177/1750698014530625
https://doi.org/10.1177/1750698014530625
https://doi.org/10.1016/j.copsyc.2020.08.014
https://doi.org/10.1016/j.copsyc.2020.08.014
https://doi.org/10.1177/0047287518772366
https://developers.google.com/kml/documentation
https://developers.google.com/kml/documentation
https://doi.org/10.1177/1461444819861955
https://doi.org/10.1080/14626260500147736
https://www.nike.com/nrc-app
https://doi.org/10.1145/2008176.2008189
https://doi.org/10.1145/2008176.2008189
https://doi.org/10.1080/07370024.2021.1913416


Memory Tracer & Memory Compass: Investigating Personal Location Histories as a Design Material for Everyday Reminiscence CHI ’23, April 23–28, 2023, Hamburg, Germany

[94] Petrelli, D. et al. 2009. Making history: intentional capture of future memories.
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems
(New York, NY, USA, Apr. 2009), 1723–1732.

[95] Petrelli, D. et al. 2014. Photo Mementos: Designing Digital Media to Repre-
sent Ourselves at Home. Int. J. Hum.-Comput. Stud. 72, 3 (Mar. 2014), 320–336.
DOI:https://doi.org/10.1016/j.ijhcs.2013.09.009.

[96] Pierce, J. and Paulos, E. 2015. Making multiple uses of the obscura 1C digital
camera: reflecting on the design, production, packaging and distribution of a
counterfunctional device. Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems (2015), 2103–2112.

[97] Procyk, J. and Neustaedter, C. 2014. GEMS: The Design and Evaluation of a
Location-based Storytelling Game. Proceedings of the 17th ACM Conference on
Computer Supported Cooperative Work & Social Computing (New York, NY, USA,
2014), 1156–1166.

[98] Pschetz, L. 2015. Isn’t it time to change the way we think about time? interactions.
22, 5 (2015), 58–61.

[99] Pschetz, L. and Bastian, M. 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.

[100] Quantified Self: https://quantifiedself.com/. Accessed: 2022-04-21.
[101] Rapp, A. et al. 2022. Introduction to the special issue on time and HCI.

Human–Computer Interaction. 37, 1 (Jan. 2022), 1–14. DOI:https://doi.org/10.
1080/07370024.2021.1955681.

[102] Rooksby, J. et al. 2014. Personal Tracking As Lived Informatics. Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems (New York, NY,
USA, 2014), 1163–1172.

[103] Sas, C. and Whittaker, S. 2013. Design for forgetting: disposing of digital posses-
sions after a breakup. Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems (New York, NY, USA, Apr. 2013), 1823–1832.

[104] Schön, D. and Bennett, J. 1996. Reflective conversation with materials. Bringing
design to software (1996), 171–189.

[105] Selby, M. and Kirk, D. 2015. Experiential manufacturing: The earthquake shelf.
RTD2015. Cambridge, UK. (2015), 25–27.

[106] Slopes Ski & Snowboard - Track Your Winter Adventures: https://getslopes.com.
Accessed: 2022-01-07.

[107] Snooks, K. et al. 2022. Beyond the body: Moving past the metricised bodily goal
in self-tracking. DRS Biennial Conference Series. (Jun. 2022).

[108] Stevens, M.M. et al. 2003. Getting into the Living Memory Box: Family archives
& holistic design. Personal and Ubiquitous Computing. 7, 3 (Jul. 2003), 210–216.
DOI:https://doi.org/10.1007/s00779-003-0220-4.

[109] Stolterman, E. and Pierce, J. 2012. Design tools in practice: studying the designer-
tool relationship in interaction design. Proceedings of the Designing Interactive
Systems Conference (New York, NY, USA, Jun. 2012), 25–28.

[110] Stolterman, E. and Wiberg, M. 2010. Concept-driven interaction design research.
Human–Computer Interaction. 25, 2 (2010), 95–118.

[111] Strava | Run and Cycling Tracking on the Social Network for Athletes: https:
//www.strava.com/. Accessed: 2022-01-07.

[112] Tan, N.-A.H. et al. 2018. Rewind: Automatically Reconstructing Everyday Mem-
ories with First-Person Perspectives. Proceedings of the ACM on Interactive,
Mobile, Wearable and Ubiquitous Technologies. 2, 4 (Dec. 2018), 191:1-191:20.
DOI:https://doi.org/10.1145/3287069.

[113] Thomas, L. and Briggs, P. 2016. Reminiscence through the Lens of Social Media.
Frontiers in Psychology. 7, (2016).

[114] Tsai, W.-C. et al. 2014. The Reflexive Printer: Toward Making Sense of Per-
ceived Drawbacks in Technology-mediated Reminiscence. Proceedings of the
2014 Conference on Designing Interactive Systems (New York, NY, USA, 2014),
995–1004.

[115] Tsaknaki, V. et al. 2020. Challenges andOpportunities for Designingwith Biodata
as Material. Proceedings of the 11th Nordic Conference on Human-Computer
Interaction: Shaping Experiences, Shaping Society. Association for Computing
Machinery. 1–3.

[116] Uhde, A. and Hassenzahl, M. 2022. Time perspectives in technology-mediated
reminiscing: effects of basic design decisions on subjective well-being. Human–
Computer Interaction. 37, 2 (Mar. 2022), 117–149. DOI:https://doi.org/10.1080/
07370024.2021.1913415.

[117] Vallg\a arda, A. 2014. Giving Form to Computational Things: Developing a
Practice of Interaction Design. Personal Ubiquitous Comput. 18, 3 (Mar. 2014),
577–592. DOI:https://doi.org/10.1007/s00779-013-0685-8.

[118] Vallgarda, A. et al. 2015. Temporal form in interaction design. International
Journal of Design. 9, 3 (2015).

[119] Van House, N. and Churchill, E.F. 2008. Technologies of memory: Key issues
and critical perspectives. Memory Studies. 1, 3 (Sep. 2008), 295–310. DOI:https:
//doi.org/10.1177/1750698008093795.

[120] Vescovi, M. et al. 2014. My data store: toward user awareness and control on
personal data. Proceedings of the 2014 ACM International Joint Conference on
Pervasive and Ubiquitous Computing: Adjunct Publication (Seattle Washington,
Sep. 2014), 179–182.

[121] Wagenaar, W.A. and Fivush, R. eds. 1994. Is Memroy Self-serving? The Remember-
ing Self: Construction and Accuracy in the Self-Narrative. Cambridge University
Press.

[122] Wakkary, R. et al. 2016. Productive Frictions: Moving from Digital to Material
Prototyping and Low-Volume Production for Design Research. Proceedings of
the 2016 ACM Conference on Designing Interactive Systems (2016), 1258–1269.

[123] Wallace, J. et al. 2020. ReFind: Design, Lived Experience and Ongoingness
in Bereavement. Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems. Association for Computing Machinery. 1–12.

[124] Webster, J.D. et al. 2010. Mapping the Future of Reminiscence: A Conceptual
Guide for Research and Practice. Research on Aging. 32, 4 (Jul. 2010), 527–564.
DOI:https://doi.org/10.1177/0164027510364122.

[125] Wiberg, M. and Stolterman, E. 2021. Time and Temporality in HCI Research.
Interacting with Computers. 33, 3 (Sep. 2021), 250–270. DOI:https://doi.org/10.
1093/iwc/iwab025.

[126] Wirfs-Brock, J. et al. 2020. Giving Voice to Silent Data: Designing with Personal
Music Listening History. Proceedings of the 2020 CHI Conference on Human
Factors in Computing Systems. Association for Computing Machinery. 1–11.

[127] Wirfs-Brock, J. 2019. Recipes for Breaking Data Free: Alternative Interactions
for Experiencing Personal Data. Companion Publication of the 2019 on Designing
Interactive Systems Conference 2019 Companion (New York, NY, USA, Jun. 2019),
325–330.

[128] Wolf, G. 2010. The Data-Driven Life. The New York Times.
[129] Ye, Y. et al. 2009. Mining Individual Life Pattern Based on Location History. 2009

Tenth International Conference on Mobile Data Management: Systems, Services
and Middleware (May 2009), 1–10.

[130] Zimmerman, J. and Forlizzi, J. 2008. The role of design artifacts in design theory
construction. Artifact. 2, 1 (2008), 41–45.

https://doi.org/10.1016/j.ijhcs.2013.09.009
https://doi.org/10.1016/j.destud.2017.10.007
https://doi.org/10.1016/j.destud.2017.10.007
https://quantifiedself.com/
https://doi.org/10.1080/07370024.2021.1955681
https://doi.org/10.1080/07370024.2021.1955681
https://getslopes.com
https://doi.org/10.1007/s00779-003-0220-4
https://www.strava.com/
https://www.strava.com/
https://doi.org/10.1145/3287069
https://doi.org/10.1080/07370024.2021.1913415
https://doi.org/10.1080/07370024.2021.1913415
https://doi.org/10.1007/s00779-013-0685-8
https://doi.org/10.1177/1750698008093795
https://doi.org/10.1177/1750698008093795
https://doi.org/10.1177/0164027510364122
https://doi.org/10.1093/iwc/iwab025
https://doi.org/10.1093/iwc/iwab025

	Abstract
	1 INTRODUCTION
	2 BACKGROUND AND RELATED WORK
	2.1 Reminiscence, Location, and Technologies of Memory
	2.2 Exploring Digital Records as Design Materials
	2.3 Temporality and Design Research

	3 PRACTICE-BASED DESIGN RESEARCH: APPROACH, POSITIONING, AND RATIONALE
	4 UNDERSTANDING LOCATION HISTORY AS A DESIGN MATERIAL: PRELIMINARY PHASE
	4.1 Early Explorations with Location History Data that led to Memory Tracer and Memory Compass

	5 MEMORY TRACER
	5.1 Memory Tracer: Design Research Case
	5.2 Memory Tracer: Scenario
	5.3 Memory Tracer: Critical Reflection

	6 MEMORY COMPASS
	6.1 Memory Compass: Design Research Case
	6.2 Memory Compass: Scenario
	6.3 Memory Compass: Critical Reflection

	7 DISCUSSION AND DESIGN OPPORTUNITIES
	7.1 Leveraging Pre-Interaction and Anticipatory Interaction to Prime Different Forms of Memory-Oriented Experiences with Location History
	7.2 Tools for Getting a Grasp on Location History as a Design Material
	7.3 Ethical and Logistical Challenges of Personal Location Data as a Design Material

	8 CONCLUSION AND FUTURE WORK
	Acknowledgments
	References

