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Figure 1: (A—C) In our formative study, participants placed events (dates + descriptions) as sticky notes around a room, which
we analyzed via sketching (e.g., (D)). Our analysis informed the design of a (E) tablet-based prototype for (F) the choreography
and (G) playback of augmented reality timelines featuring (H) proxemic reveal and animated guidance.

Abstract
Timelines are effective ways to tell historicaland personal stories.
However, most timeline visualization tools impose an inflexible
model of time prioritizing chronological clarity. On the other hand,
unconstrained representations can better capture the irregular and
contextual nature of lived time, but often at the cost of interpretabil-
ity. In this work, we explore this continuum with a study of how
historical and personal timelines could manifest in physical spaces.
We conducted a formative study (N=12) in which participants freely
arranged events within a physical environment. We observed a di-
versity of strategies reflecting the personal and context-dependent
nature of temporal mental models. We also invited participants to
consider how others could move through their timelines. Our anal-
ysis led to a choreographic approach to timeline creation, as well as
a proof-of-concept tablet-based augmented reality (AR) application
that supports spatial timeline drawing and viewing. Finally, we
reflect on the design implications of encoding chronology, pacing,
and spatial context in immersive timeline stories.
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1 Introduction
Timelines are widely used to represent sequences of events and
communicate temporal structure. Most contemporary timeline rep-
resentations follow a single linear axis [32], mapping events onto
fixed intervals of chronological time. While this structure supports
clarity and comparison, it imposes a strict regularity on temporal
representation. Historical and especially biographical narratives
are often ineffectively conveyed by this form of representation,
particularly as stories depicting the lived experiences of people
are nonlinear and unevenly distributed in time, calling for a larger
palette of timeline design choices [4]. However, completely un-
constrained and idiosyncratic representations of time [24, 36] can
introduce other challenges. When people are free to place events
without temporal structure, chronological ordering and duration
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relationships can become difficult to interpret. This tension brings
us to our key design question: how can historical and biographi-
cal timeline representations remain interpretable while allowing
people to express more flexible and meaningful spatial structures?

The emergence of spatial computing motivates a new approach
to answering this question. Augmented reality (AR) environments
allow information to be placed directly within physical space, en-
abling timelines that extend beyond the boundaries of a flat display.
For example, recent work has demonstrated the creation of im-
mersive branching and circular timelines in AR [39]. In this work,
we ask a more fundamental and formative question regarding the
arrangement of timeline structure in space and the role of spatial
familiarity, allowing us to reflect on the implications for creating,
sharing, and navigating spatial timeline stories. Specifically, we
probe how people might leverage (familiar) physical surroundings
and the objects contained therein when arranging temporal infor-
mation, as well as the role of chronology in these representations.

In this paper, we conceptualize the process of creating and shar-
ing timelines in physical space as a form of choreography, where-
upon people do not merely arrange events, but rather guide and
pace movement through them. In this framing, timeline creators
implicitly direct where a viewer should go, how long they might
linger at a point in space to appreciate the events placed there, and
how transitions between events are experienced, turning timeline
interpretation into an embodied spatial experience.

We make three contributions: (1) Findings from a formative
study (N=12) examining how people place event sequences in a
physical environment when unconstrained by the convention of
one-dimensional chronological ordering imposed by most visual-
ization and data analysis tools; (2) A tablet-based augmented real-
ity timeline visualization application that incorporates our study
findings in its treatment of chronological representation, pacing,
proxemic interaction, animation, and spatial context. Finally, (3)
we offer a reflection on how AR timeline visualization could be
realized for personal storytelling and reflection as well as for bio-
graphical and historical storytelling in informal learning and GLAM
environments (Galleries, Libraries, Archives, and Museums).

2 Related Work
Our work lies at the intersection of timeline visualization, personal
/ biographical visualization, and immersive analytics / storytelling.

2.1 Timeline Visualization
For millennia, people have been using timelines to analyze and
tell stories about patterns in event sequences [32]. Across the de-
sign space of timeline visualization [4], myriad shapes, scales, and
layouts have been put to use, as well as various techniques for
interacting with and animating these representations. This design
space illustrates trade-offs between readability and expressiveness.
In practice, many timelines prioritize strict chronological represen-
tation, where spatial distance corresponds directly to elapsed time,
and events are arranged along a single linear axis.
Personal & biographical (timeline) visualization. Timelines
often appear in the context of personal data. Early work such as
LifeLines [30] demonstrated how timelines can summarize personal
medical histories. While many instances of personal visualization

are clinically useful, the study of personal visualization also ex-
amines how visual representations support reflection, memory,
narrative construction, and meaning-making around lived experi-
ence [20]. To this end, prior work has examined how subjective time,
emotional salience, and life events can be externalized into visual
form, often privileging meaning over precision (e.g., [27]). Personal
visualization tools also tend to afford rich annotation, such as by en-
abling people to attach context and meaning to temporal data [40],
whereupon time is treated as a structure for narrative interpretation
rather than as a mere independent quantitative variable.

Prior work has shown that when unconstrained by software, per-
sonal mental models of time [13] and the idiosyncrasies of personal
timeline visualization become apparent, such as when sketching
timelines on paper [36]. This in turn inspired TimeSplines [24], in
which people could bind event sequences to personally-meaningful
2D shapes sketched on a tablet. In some cases, the sketched shapes
served as mnemonic [37] figurative frames [5] for event sequences,
whereas in others, the shapes reflected latent and subjective quan-
titative relationships and bore resemblance to time curves [2] and
connected scatterplots [15]. We extend this work by examining
unconstrained timeline visualization in three dimensions and the
role that (familiar) physical surroundings play in their creation.

2.2 Immersive & Embodied (Data) Storytelling
Immersive storytelling explores how embodied interaction can sup-
port narrative understanding, often manifesting in augmented (AR)
and virtual reality (VR). Prior work often distinguishes between
egocentric experiences, which places the viewer at the center of a
narrative, and exocentric perspectives, where people are detached
from the spatial relationships being observed. In our work, we pri-
marily focus on egocentric immersive perspectives on time. Two
recent projects are exemplary of personal storytelling in VR envi-
ronments: Tangible Moments [19] shows how embodied interaction
can anchor autobiographical memories, highlighting the role of spa-
tial context in recall, while MomentsVR [7] focuses on experiential
recall through immersive reconstruction of past events.

The design space of immersive data storytelling experiences is
growing. For example, theWall Street Journal’s “Ride the NASDAQ”
interactive (initially developed for Google’s Cardboard VR [10])
presents financial data as a temporal roller-coaster experienced
from a first-person perspective [18]. More recently, Jain et al.’s Strol-
lytelling [17] demonstrates how walking and bodily movement can
structure narrative progression in immersive environments. In our
work, we focus on immersive storytelling in augmented reality
(AR) [22]. AR applications such as Flow Immersive [8] and research
projects such as MARVisT [42] and VisTellAR [35] each demon-
strate the creation and presentation of data stories in mixed reality,
situated virtual representations of data into physical environments.
While these systems explore the narrative presentation of data in
space, they prescribe narrative structures and perspectives. Less is
known about how people would conceptualize narrative structures
when creating stories about temporal data in the space around them.
Accordingly, we examine how participants assume egocentric and
exocentric perspectives when constructing timelines in 3D space.

Beyond AR, immersive data storytelling also draws on embod-
ied interaction with data in site-specific settings, where meaning
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is constructed through movement and physical engagement [6].
For example, Rodighiero et al. [31] demonstrated how full-body
movement captured via webcam can drive the navigation of a vi-
sual browsing interface in a museum setting, while Perovich and
Zizzi [28] explored how the somatic practices of dancers can reflect
a more affective and experiential understanding of data [28]. To-
gether, these approaches emphasize that making sense of data is not
purely visual, but can be deeply embodied, motivating our choreo-
graphic metaphor for describing how people construct temporal
narratives while moving through space.
Immersive timelines. Three-dimensional representations of event
sequences are uncommon in practice, with Tiki-Toki’s [41] 3D time-
line creator, the spiraling USGS timeline of geological epochs [12],
and the spiraling Ross school curriculum timeline [33] as rare ex-
ceptions. As for prior research, Fouché et al.’s design space for
immersive exploration of time-varying spatial 3D data [9] identifies
three important dimensions for visualizing time in AR/VR settings,
namely spatial layout, scale, and navigation. More recently, Vu et
al. [39] presented an application in which a person wears an AR-
capable head-mounted display while interacting with a tablet to
create and navigate circular and branching timelines. Although this
research demonstrates the feasibility of immersive timelines, we
note that they prescribe structures for time (e.g., linear, circular,
branching), do not explicitly associate representations of events
with the physical environment, and in the case of the latter project,
require a specific combination of hardware devices. In contrast, our
work offers insight into how people might invent or adapt timeline
structures when given greater representational freedom.

3 Formative Study: Arranging Events in Space
To better understand how people arrange sequences of events in
their physical surroundings, we conducted a formative observa-
tional study. We had two constructs of interest: the effect of data
familiarity, or whether the data was autobiographical in nature;
and the effect of place familiarity, or whether the spatial arrange-
ment of events is affected bymeaningful surroundings. As research
questions, we asked: (RQ1) whether and how idiosyncratic visual
representations of time apparent in two-dimensional sketches [24]
extend to three dimensions; as well as (RQ2) whether objects and
elements in one’s environment impact these representations, sim-
ilar to how figurative illustrations in sketches can be integral to
drawn timelines. The University of Waterloo research ethics board
approved this study.
Participants.We recruited twelve participants from our campus
and its surrounding community via multiple online channels and
print posters. We had no exclusion criteria apart from being at
least 18 years of age, and similar to the timeline sketching study of
Torna et al. [36], we assumed no technical expertise.

Seven participants used he/him pronouns, three used she/her
pronouns, and two participants opted not to disclose their gender
identity. Five were undergraduate students and sevenwere graduate
students, with fields of study including computer science (5), mathe-
matics (3), civil engineering, nursing, environment, and psychology.
At the time of the study, two were between the ages of 18 and 20,
seven were between 21 and 30, and three were between 30 and 40.

Finally, participants reported a range of prior experience with ex-
tended reality technology, with three participants claiming no prior
experience, two describing prior experience with mobile augmented
reality games (specifically Pokémon Go), and one claiming extensive
virtual reality experience; the remaining reported minimal prior
experience, such as participation in academic studies.

We remunerated participants with a multi-retailer gift card val-
ued between $20 and $30 CAD, depending on whether they com-
pleted both parts of the study.
Study introduction. After acquiring informed consent, partici-
pants completed a brief questionnaire collecting demographic in-
formation including their age, gender, education levelfield of study
or occupation, and experience with extended reality technology.
The study administrator then introduced the study goals, stating
that our findings could inform the development of augmented re-
ality (AR) applications. They also introduced the study’s focus on
event sequence data and specifically historical and biographical
events. To support this briefing, they referred to a brief slide pre-
sentation containing examples of AR applications and alternative
timeline representations of event sequences, as well as examples
of augmented reality applications; we include these slides as sup-
plemental material. The intent of this introduction was to prime
participants with respect to spatial thinking about time without
prescribing specific metaphors or event placement strategies.
Materials. Our study incorporated familiar low-fidelity materials
(i.e., pen and sticky notes) to surface participants’ natural spatial
reasoning without constraining interaction through existing visu-
alization tools. We first arranged an example set of sticky notes
around the study room. Each sticky note contained a date–event
label pair, illustrating how temporal data could be externalized
spatially without imposing a fixed coordinate system.
Part 1: Arranging event sequences in an unfamiliar space. For
the first task, participants were asked to select one of four provided
datasets that we deemed to have historical or cultural significance,
spanning eras and time spans: the biography of Vincent van Gogh,
highlights from the 2010 Olympic games, the history of the Poké-
mon franchise, and the release years of Taylor Swift’s albums. Each
dataset consisted of roughly a dozen events, recorded as a stack
of sticky notes, participants freely placed these events around a
controlled indoor environment to form a spatial timeline. They did
so while filming their placement from a first-person perspective,
holding a phone in their non-dominant hand. This task functioned
as an elicitation activity, allowing participants to reveal their un-
derlying spatial metaphors for time. During placement, we asked
participants to think aloud, explaining their reasoning for each de-
cision, including how they interpreted temporal ordering, distance,
orientation, and alignment relative to the room and to previously
placed events. The administrator observed and documented place-
ment decisions through sketches and field notes, while participants’
movements and utterances were recorded. This procedure enabled
analysis from both egocentric and exocentric frames of reference.

Following the placement of culturally significant data, we gave
participants a blank set of sticky notes and asked them to create a
personally meaningful timeline by writing down approximate dates
and short labels for about a dozen events of their choosing (e.g., va-
cations, achievements, routines, or relocations). Participants then
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P1 - Van Gogh P2 - Olympics P3 - Taylor Swift P4 - Van Gogh P5 - Van Gogh P6 - Pokemon

P7 - Van Gogh P8 - Pokemon P9 - Taylor Swift P10 - Van Gogh P11 - Van Gogh P12 - Van Gogh

Figure 2: These timeline sketches show participants’ placement of sticky notes in Part 1 of our formative study. Icons in the
bottom right of each image indicate whether the diagram represents an eye-level perspective (→) or an overhead perspective
(↓), while the hue of each point indicates its height, with yellow indicating positions closer to the ground and red indicating
positions closer to the ceiling.

repeated the placement task in the same (unfamiliar) study room
environment, allowing for a direct comparison between personal
and impersonal data within a consistent spatial context.
Part 2: Personal events in a familiar space. We invited par-
ticipants to repeat the personal timeline placement task within a
familiar environment of their own choosing, such as their dorm
room or their kitchen. This phase was designed as a contextual in-
quiry, situating the elicitation task within a space rich with personal
landmarks and semantic associations. Because we opted to con-
duct a qualitative observation-based formative study rather than
an experiment with counter-balanced conditions, we did not ask
participants to repeat the placement of historically or culturally
significant events in familiar spaces. In addition to imposing an
additional time burden on participants, we doubted the external
validity of annotating a personal space with impersonal data.

Participants joined a remote video call with the study administra-
tor using their mobile device. They toggled their phone’s primary
camera and provided a brief visual walkthrough of their space, al-
lowing the administrator tomake note of salient landmarks (e.g., fur-
niture, windows, artwork) and spatial constraints. Participants then
placed their set of personal event sticky notes around the space,
again filming their placement with their mobile device. As in Part
1, we asked participants to think aloud and describe their rationale
for placing events near objects and features in their surroundings
and the personal memories associated with these objects.
Retrospective interview. After completing the placement tasks,
participants engaged in a semi-structured retrospective interview.
We asked participants to contrast their experiences across condi-
tions (personal vs. impersonal data; familiar vs. unfamiliar space),
the perceived affordances and limitations of the materials used, and
participants’ expectations for how AR applications might support
or augment similar storytelling and reflection activities.

Overall, completing all parts of the study required roughly 90
minutes of participants’ time.

Analysis. The goal of our analysis was to identify spatial metaphors
and placement strategies across conditions (RQ1), with a focus on
the differences between general and personally meaningful data, as
well as between familiar and unfamiliar spaces (RQ2). Throughout
this analysis, we referred to participants’ think-aloud utterances
and retrospective interview responses to better understand their
rationale for placing the sticky notes where they did. The first two
authors conducted this analysis in two phases, with the second au-
thor’s annotated screen capture images, notes, and sketches serving
as an input to the first author’s systematic shape and chronology
analysis, along with the video recordings. All authors reviewed the
output of these phases, reaching the consensus presented below.

4 Results: Shape, Chronology & Situatedness
While all four sample datasets appear in our observations of partici-
pants arranging culturally significant datasets, they are not equally
represented, suggesting a range of familiarity and interest. This is
reflected in how seven of our twelve participants selected the van
Gogh biography dataset in the first part of their study session.
Shape analysis. In examining all of our sketched timelines (Fig-
ures 2—4), shape emerged as a primary expressive channel for
encoding meaning beyond chronology. The variety of timeline ge-
ometries is notable and includes linear, looping, and stacked shapes.
With respect to linear shapes, about half of the participants (P1, P3,
P5, P6, P7, P10) used a two-dimensional plane within the room as
a pair of axes, encoding emotional valence or subjective intensity
along one dimension and time along the other, indicating that planar
representations of time remain prevalent even when given the free-
dom to place events anywhere within a room. Three-dimensional
loops and stacks appeared when participants sought to express
simultaneity, complexity, or layered meaning. Examples of this
strategy include stacking events that happened in the same time
period (P3) (while maintaining a macro-level linear progression of
time), using depth for years and lateral movement for months (P4)
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and attaching events to furniture or architectural features (P4, P5,
P11, P12). To summarize, our shape analysis reveals that the relative
positioning of events in space reflects not only chronology but also
event distribution, the affective attributes of events, and the physical
affordances of the environment (RQ1).
Chronology analysis. Although our participants acknowledged
the chronology of events, the distances between participants’ placed
events seldom approximated accurate chronological distances. Time
was therefore stretched or compressed; we contrast some notable
cases in Figure 3. Participants commonly decoupled spatial distance
from absolute chronological time and instead P7, for example, em-
ployed equidistant horizontal spacing in their placement reflecting
van Gogh’s biography, while P3 and P9 grouped events ordinally
by year or life phase, rather than respecting precise chronological
distances. P2 and P12 both made remarks to the effect of events mat-
tering more than time itself, reflecting their treatment of chronol-
ogy as a secondary ordering mechanism. Periods with minimal
emotional or narrative significance were frequently compressed,
producing large chronological gaps occupying small spatial regions
(e.g., P4, P7), whereas dense or meaningful life phases expanded dis-
proportionately in space (e.g., P11). Altogether, these observations
suggest that the combination of sequential / ordinal placement and
the perceived importance of events can result in notable chronological
compression and expansion (RQ1).
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Figure 3: We annotate a subset of sketches from Figure 2 to
contrast sequential and chronological regularitywith chrono-
logical compression and expansion between events.

Analyzing the role of room features and objects. Across both
parts of the study, participants leveraged semantic associations
with the physical environment to anchor data, using architectural
features and everyday objects as symbolic reference points rather
than neutral containers. Doors marked beginnings, transitions, or
goals (P2, P7, P9, P11, P12), while walls served as narrative back-
bones, particularly in unfamiliar spaces where flat and unadorned
surfaces supported linear organization (P3, P7, P10). Windows and
thresholds implicitly represented outward movement, change, or
external influence (P5, P9). Furniture and smaller objects functioned
as mnemonic anchors; for example, P8 and P9 placed events with a

negative emotional valence near a trash can (P8, P9), while P2, P5,
and P11 placed events associated with routines or habits next to a
laptop, a musical instrument, and a coffee machine, respectively.
Participants also placed events next to objects with semantically-
related material qualities like colour and texture, such as in the
use of a yellow surface for a yellow house (P11). Overall, seman-
tic event anchoring was more apparent with personally meaningful
datasets, where room features and objects were more than mere visual
landmarks; they also carried symbolic significance (RQ2).
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Figure 4: Sketches contrasting the placement of personal
events by three participants (P10,P11,P12) between an unfa-
miliar room and one of their own choosing, with matching
annotations (A-H) corresponding to the same events.

Analyzing the role of familiar space. All but three of the orig-
inal twelve participants (P1, P6, P8) opted to participate in Part
2 of the study. A clear distinction in placement strategy emerged
in how participants represented their own personal events versus
the event datasets we provided, and this was also mediated by the
familiarity of the surrounding space (RQ2). In the unfamiliar space
of the study room (Figure 1), the resulting timeline shapes were
more likely be linear in shape and aligned with walls, respecting the
conventions of left-to-right temporal progression and vertical map-
pings of emotional valence (e.g., P3, P7, P10 in Figure 2). In contrast,
personal datasets elicited more creativity, reflected in participants’
willingness to distort time, incorporate multisensory cues such as
music or lighting, and adopt a more overt egocentric perspective
rather than an exocentric perspective (P12). Additionally, familiar
personal spaces elicited object-anchored, room-specific, and more
embodied placements that drew on memory-rich landmarks, such
as specific books and accessories (P5). Two notable examples are the
cases of P11 and P12 (Figure 4). P11 placed events in their kitchen
reflecting their growing appreciation of coffee over the span of nine
years centering around their espresso machine, while P12 arranged
events in their bedroom relating to their theological journey over
the course of ten years, placing events near personally significant
objects taken home from religious events. However, we still encoun-
tered planar event placements in familiar environments, such as
how P10 arranged major travel events spanning six years on their
bedroom wall. Despite exceptions like this, multiple participants



GI 26, June 09–12, 2026, Kitchener-Waterloo, Ontario, Canada Isabelle Kwan, Jessica Ziyu Chen, and Matthew Brehmer

made comments indicating that the same set of events would be
arranged quite differently depending on spatial context (RQ2).

5 AR Timeline Prototype
Informed by our analysis in service of RQ1 and RQ2, we designed
and implemented a tablet-based augmented reality (AR) application
that supports the drawing and viewing of timelines that reflect how
people place events in physical space. It also reflects participants’
statements reflecting how they might share their timeline stories
with other people, including what guidance or narrative framing
they might provide to their viewers. Unexpectedly, the act of sketch-
ing the event sequences (leading to Figures 2—4) brought us to a
choreographic metaphor for drawing timelines in augmented re-
ality. These sketches reminded us of the visual language of dance
choreography, and given how affect-based event placement and
shape variation are exhibited across these sketches, we deemed the
metaphor to be an appropriate way to frame the application and
the discussion that follows in Section 6.
Scope & design choices. A key difference between our study par-
ticipants’ experiences and our sketches is that the former assumed
an egocentric perspective, whereas our “choreographic” sketches
are exocentric. We ultimately decided that, like in our formative
study protocol, our application would assume an egocentric per-
spective for both timeline drawing and viewing. Viewers therefore
retrace the motion of timeline creators to view an entire event
sequence, with a pacing determined by the creators.

Another observation from the sketches is that when events are
strung together with line segments, the result can be visually clut-
tered from an exocentric perspective. We discovered during initial
prototyping that this clutter remains apparent when we assume
an egocentric perspective. To remedy this, our application incorpo-
rates proxemic interaction to progressively reveal the next segment
of the timeline after a viewer visits an event location.

Finally, while we acknowledge the importance of juxtaposing
events with objects and room features in the formative study results,
our prototype application does not employ any object or feature
detection in the scene. As a result, events can be juxtaposed with
objects or features but are not bound to them; if these objects or
features move or change shape, the events and the timeline by
extension are unaffected.

5.1 Drawing & Viewing Interface
We selected a tablet form factor for both timeline creation and
viewing for several reasons. First, tablets with support for AR func-
tionality are broadly available, more affordable than head-mounted
displays, and have a larger screen than a phone. Second, a person
can walk around relatively easily while holding a tablet with one
or both hands. Finally, a tablet affords both touch and stylus input.

The bimanual AR tablet interface supports dual thumb or op-
tional thumb + pen interaction [29]. One can control the interface
with thumbs only via the lateral radial buttons on either side of the
screen (Figure 5). This design follows prior research showing that
adaptable, thumb-reachable radial widget layouts improve comfort,
efficiency, and accuracy on tablets [26]. For higher precision when
drawing and manipulating the shape of a timeline, one can use a
stylus, following the Thumb + Pen interaction paradigm [29] where

the stylus handles fine input while the thumb selects controls. The
left radial menu allows for mode switching between timeline draw-
ing, annotating (Figure 1F), and viewing (Figure 5), while the right
radial menu’s widgets are dependent on the mode.

5.2 Timeline Creation Scenario
To illustrate the authoring workflow, we describe a scenario in
which Alex, a student studying the history of computing, draws a
biographical timeline of Ada Lovelace (also demonstrated in the sup-
plemental video). Alex has a Google spreadsheet containing dates
and associated event descriptions, which the application imports.

Holding their tablet, Alex walks to sketch the overall shape of
the timeline. As they move across the room, their motion path is
translated to a path element representing the progression of time.
Once drawn, Alex toggles a path editing widget and uses a stylus to
precisely refine the path shape. Next, Alex places events along the
path, representing major moments in Lovelace’s life, such as her
early mathematical education and her collaboration with Charles
Babbage. Each event snaps to a selected location on the path and is
repositioned via dragging. To denote chronology, Alex also adds
visual waypoints between events that serve as visual indicators
of time, akin to year markers along the horizontal span of a line
chart. Alex alternates between editing the path shape and iteratively
adjusting the spacing between events and waypoints, clustering im-
portant subsequences and expanding the distance between phases
of Lovelace’s life. Periodically, Alex toggles transformation wid-
gets to translate, scale, and rotate the entire timeline in the room.
Like any drawing tool, Alex occasionally needs to undo or redo
their edits. Once satisfied, Alex saves the timeline so it can later be
revisited, edited, or viewed by someone else.

5.3 Timeline Viewing Experience(s)
Orientation and proxemic interaction. The application reveals a
timeline one event at a time, with a compass guidance system direct-
ing viewers to the next event. Each event appears based on viewer
proximity, manifesting as a floating event description above the
event marker. The application then reveals the next path segment
after a dwell time set by timeline creator, with a visual progress
indicator shown under the event description. This allows creators
to control the pacing of the timeline viewing experience, such as
by asking viewers to linger and reflect at important events.
Three treatments of chronology.We developed three viewing
modes to reflect the compression and expansion of chronology man-
ifesting in our formative study results (Figure 5). These treatments
represent points in a larger design space for visual encodings of
chronology in three dimensions, a design space that invites further
exploration.
No encoding. If chronology is of minor importance to the intended
narrative, this mode (Figure 5-left) merely connects sequential
events with a path. While chronology is not explicitly encoded
in this mode, chronological waypoint markers (described above)
can still provide viewers with some sense of chronology.
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Figure 5: Our prototype has three viewing modes corresponding to different treatments of chronology, where visual connec-
tions between events appear progressively (represented abstractly in the inset diagrams): no chronological encoding (left),
chronological distance encoded as the speed of animated particles between events (middle), and chronological distance encoded
via textured glyphs along line segments (right). In each mode, viewers are guided to the next event (a spherical blue waypoint)
with a compass (a white chevron).

Animated encoding.Motivated by the ways in which people com-
pressed or expanded chronology, this mode (Figure 5-middle) en-
codes the chronological distance between events via animate parti-
cles moving along the forward direction of time. Faster particles
indicate compressed or less significant intervals, while slower par-
ticles indicate expanded and meaningful passages of time.
Textured encoding. Realizing that animated particles could be visu-
ally distracting, the third mode (Figure 5-right) employs a texture
of chevron shapes along the path pointing in the direction of time.
As with animation, denser textures denote compressed intervals
while sparser segments indicate expanded time.

5.4 Implementation
We implemented the prototype in Unity 6 [38] with Android AR-
Core [11] for device tracking and spatial anchoring. We deployed it
on a Samsung Galaxy Tab FE10 running Android OS. Its source code
is available at github.com/ubixgroup/ar-timeline-authoring-tool.

6 Discussion
The formative study findings highlight the diverse ways by which
people conceptualize and represent time, aligning with prior work
in information design [36] and time perception [13]. We add to
this knowledge by explicitly incorporating the dimension of place
familiarity. We observed that participants exploited the affordances
of three-dimensional space to represent time when given the op-
portunity, particularly in familiar environments.

Our research questions were also motivated by the growing po-
tential of spatial computing technology, and our analysis is intended
to inform the design of future augmented reality (AR) experiences.
We believe our choreographic metaphor framing this analysis to be
actionable in this regard, whereupon content creators can direct
movement through space to understand time by varying direction
and pacing. However, other spatial metaphors are also worth ex-
ploring in this context, including those from cinematography [1],
interior design [3], and the practice of Feng Shui [14].

Our participants described whether and how they might share
their timeline stories with others, which motivated the distinct
creation and viewing modes of our prototype application. We see

creators taking on the role of choreographers, considering how
viewers would move along their timelines, where attention should
be directed, and how long a viewer might linger at particular mo-
ments. Applications descending from our prototype could integrate
prior techniques in site-specific AR visualization (e.g., [35, 42]), of-
fering a rich medium for asynchronous interpersonal storytelling. It
is within informal educational environments such as GLAM spaces
(Galleries, Libraries, Archives, and Museums) where this medium
could be particularly valuable, with artifacts augmented with addi-
tional visual representations and personalized navigational assis-
tance guiding viewers to the next artifact on the timeline.

Our work also elicits new questions with respect to the utility of
AR timeline visualization beyond interpersonal storytelling. One
such question asks about the memorability of situated AR time-
lines in immersive analytics scenarios [16, 21]. Another question
is how choreographic timeline visualization could be applied to
instructional guidance in AR [34]. Finally, we ask whether our ap-
proach could be integrated into one’s own personal data tracking
and reflection practice. AR timelines depicting how one spends
their time within a home or workplace could assist in personal
time management and memory care. These spatial timelines would
likely manifest as small-scale analogues to Otten et al.’s shifted
maps [25], which illustrate skewed personal geographies. More-
over, these timelines would likely reinforce the notion that time is
not fungible [23], and that regular chronological depictions of time
divorced from where that time is spent are poor tools for reflection.
Study limitations. While our study provided valuable insights
into how participants arrange events in physical space, several limi-
tations should be acknowledged. First, connections between events
were not explicitly visualized, so the relationships between them re-
mained implicit from participants’ perspectives; we entertained the
idea of asking participants to join their events with segments string
or yarn with varying levels of slackness to encode chronology, but
ultimately we decided against this due to increased creation time
and obvious safety risks. Second, due to the use of sticky notes, par-
ticipants could not place events in mid-air, so we instead instructed
them to place them on the ground and express verbally how high
off of the ground they intended the event to appear. Third, in the

https://github.com/ubixgroup/ar-timeline-authoring-tool
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remote second part of the study, there was unavoidable ambiguity
in the analysis of event placements due to the research team’s unfa-
miliarity with participants’ personal locations, seen solely through
participants’ first-person perspective video. Finally, three of our
twelve participants opted not to participate in the second part of
the study, in which we asked them to place personal events in a
familiar space. Attrition is expected and difficult to avoid in studies
with multiple sessions and locations, and we attribute some of this
attrition to the logistical complexity of study conducted across two
sessions and in two locations. Another explanation for this attrition
may be privacy, as we asked participants to share video of a familiar
space, which we anticipated being a room in their home. To address
this in future studies, we could opt for asynchronous video diary
recording rather than synchronous video observation, or we could
consider other sources of incentivization relevant to documenting
and sharing personal timelines.
Future application development.We see several ways to modify
or extend the prototype application so that it might reflect more of
the study findings. First, integrating scene understanding, includ-
ing the identification and tracking of objects and features in the
environment, could allow for dynamic timeline shape manipulation
via the movement of objects bound to events. Scene understand-
ing could also be useful for the responsive retargeting of timelines
between rooms that vary with respect to their dimensions but con-
tain similar objects (e.g., kitchens containing common utensils and
appliances) or share similar features (e.g., doors, windows, chairs,
tables). Second, additional representations of chronology beyond
those described in Section 5 and shown in Figure 5 are warranted.
Whether unadorned, animated, or textured, events were connected
with linear path segments. One promising alternative is a physi-
cal analogy of string or yarn that we briefly entertained for the
formative study, in which long passages of time between events
could hang slackly, perhaps even coiling on the ground, while short
passages of time could be appear tight. Third, we might revisit the
creation workflow, which is currently similar to TimeSplines [24]
in that the path of time is drawn and manipulated before events are
bound to it. Alternatively, events could be placed before connect-
ing them visually. Placing events could also be done more flexibly
that at current, such as by projecting events at different depths in
the room, rather than walking and moving the tablet to a desired
position during timeline creation. Finally, reflecting the exocentric
perspective of the sketches in Figures 2—4 or the inset diagrams of
Figure 5, we ask whether and how the application should expose
this perspective when creating or viewing timelines.
Future research. An immediate next step is to conduct a replica-
tion of the procedure from our formative study with the prototype
application. Such a study would allow us to contrast how the shape,
chronology, and situatedness of events vary when they could be
placed anywhere within reach, and how visually connecting these
events with our different treatments of chronology inform addi-
tional event manipulation. Re-engaging our formative study partic-
ipants and recruiting new ones while explicitly targeting different
demographics could produce an even richer set of contrasts. Fi-
nally, the realization of augmented reality timelines revealed via
proxemic interaction invites new research focusing on accessibility,

particularly if they are to be situated in GLAM spaces attended by
those with a different abilities with respect to vision and mobility.

7 Conclusion
This work investigated how event sequences can be arranged in
space and visualized as timelines in augmented reality (AR). Through
a formative study, we observed the idiosyncrasies of event place-
ment, in which participants navigated both unfamiliar and familiar
spaces to place sticky notes describing historical and biographical
events, including those drawn from their own personal stories. The
rationale for their placement and the patterns that emerged from
our analysis led us to a choreographic metaphor for AR timeline
creation and viewing. This metaphor incorporates the shape and
pacing of movement and manifests in our prototype application
via proxemic progressive reveal and suggestive visual encodings
reflecting the passage of time. Overall, our research suggests the
potential of spatial timelines in AR as a powerful medium for sto-
rytelling and reflection that emphasizes movement, rhythm, and
embodied interaction as core elements of narrative experience.
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