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Abstract

This thesis explores situated visualization design to expand current design methods
and approaches in information visualization. Situated visualization is an emerging
concept in information visualization that takes into account the environment such
as spaces, people, and activities that visualizations are placed in which requires
considering the context of use of data visualizations during the design process.

This thesis presents findings on situated visualization design from two empiri-
cal studies as well as a literature survey and a theoretical exploration of situatedness.
The first study provides findings from sketching and ideation workshops for sit-
uated visualization design and gives insights into the use of different ideation
activities and sketching materials for early-stage design. The second study investi-
gates situated manual self-tracking through an autobiographical and a co-design
study that explores the long-term use and lived experience of situated self-tracking
visualizations, contributing design implications for visualization design and data
entry. Lastly, this thesis contributes a literature survey that provides an overview
of the current status of research in situated visualization, including commonly
used definitions, application areas, visualization types and methods. Building onto
the findings from the literature survey, this thesis expands the prevalent notion of
situatedness through five perspectives on situatedness (space, time, activity, place,
community).

This work builds the foundation for a design approach for situated visualization
which actively takes situatedness into account throughout the whole design process,
is grounded in real-world applications, and puts people at the center. Thereby,
this thesis expands current design approaches in information visualization and
provides opportunities for visualization design in new application areas.






Resume

Denne afhandling undersgger design af situerede visualiseringer for at udvide
nuveaerende designmetoder og -tilgange i informationsvisualisering. Situerede vi-
sualiseringer er et spirende begreb inden for informationsvisualisering, som tager
hgjde for det omgivende miljg, sdsom rum, mennesker og aktiviteter, visualis-
eringerne er placeret i, hvilket kraever, at man undervejs i designprocessen gar sig
overvejsler om den kontekst, datavisualiseringerne skal bruges i.

Denne afhandling preesenterer resultater angadende design af situerede visualis-
eringer fra to empiriske studier samt ved en litteraturgennemgang og en udforskn-
ing af teoretiske begreber for situering. Resultaterne fra det farste studie kommer
fra skitserings- og idégenereringsworkshops om design af situerede visualiseringer
og giver indsigt i anvendelsen af forskellige idégenereringsaktiviteter og skitser-
ingsmaterialier til brug i de tidlige stadier af designprocessen. Det andet studie
undersgger situeret manuel selv-tracking gennem et autobiografisk studie og et
co-design-studie, som baseret pa en udforksning af langtidsbrug og deltagernes
personlige erfaringer med visualiseringer til situeret selv-tracking har resulteret
i forslag til, hvordan man kan designe visualiseringer og data-input. Sluttelig
giver litteraturgennemgangen et overblik over den nuveerende tilstand i forskning i
situerede visualiseringer, inklusive hyppigt anvendte definitioner, anvendelsesom-
rader, visualiseringstyper og metoder. P& basis af konklusionerne fra litterature-
gennemgangen udvider denne afhandling den fgrende forstaelse af “situerethed”
(situatedness) gennem fem perspektiver (rum, tid, aktivitet, sted, feellesskab).

Dette arbejde laegger fundamentet til en designtilgang til situeret visualisering,
der aktivt tager hgjde for situerethed igennem hele designprocessen, og som har rod
i virkelige anvendelsesomrader og seetter mennesket i centrum. Dermed udvider
denne afhandling nuveerende tilgange til design i informationsvisualisering og giver
derigennem mulighed for visualiseringsdesign inden for nye anvendelsesomrader.
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Chapter 1

Introduction

The eld of information visualization has historically been concerned with display-

ing data visualizations on desktop computers for domain-experts that carry out
analytical data analysis tasks [ 195, 248]. As a result of this, information visualization
has predominantly been presented decoupled from the physical world[  248], at rst
con ned to stationary displays on traditional desktop computer setups and later
moving to exploring other display form factors such as large displays [ 14], tabletop
displays [115], and mobile devices [ 142, 145]. To a large extent this has been inten-
tional to enable the development of data visualization tools and systems that can
be used on a variety of platforms and devices supporting a multitude of different
data sets [248], which has contributed to the wide spread of data visualization tools.

However, data is often intertwined with the spaces that people interact in and
their existing activities and practices. Situated visualization [ 173, 246, 248] is a
concept that has received increasing attention in the area of information visual-
ization as a “visualization that is related to and displayed in its environment” 246,
p. 1118] or a data visualization that is displayed in proximity to relevant “physical
referents” [ 248] — in other words, as a notion that explains the relation of data
visualizations with their physical environment. As such, situated visualization
has the potential to serve application areas outside of those that are tradition-
ally served by information visualization by surfacing data where it is relevant to
people in relation to relevant spaces, people, and activities. Prior work has ex-
plored application areas such as public visualization to display visualizations in
urban spaces [47, 48, 52, 173], work environments to support work activities in-
situ [ 197, 237], wearable visualization [ 180], and situated visualization in home
environments [204].

With regards to visualization design, the information visualization community
has similarly largely dealt with problem-oriented visualization design studies that
focus on domain experts as a target audience [ 176, 219]. However, designing data
visualizations that actively take into account the situated nature of data and vi-
sualizations requires a different design perspective to information visualization.
Making situatedness a focus of data visualization design remains an open research

3



4 CHAPTER 1. INTRODUCTION

topic for exploration [ 248]. In my thesis, | focus on situated visualization design,
which means the design of data visualizations that make situatedness a focus point
throughout the design process. In my research, | am concerned with how to design
for situated visualization by exploring what situatedness means for data visualiza-
tions as well as design considerations and design methods that take into account
factors such as context of use, the physical space, people, and activities that data
visualizations are displayed in. With this, | aim to expand current information
visualization design approaches by providing insights into data visualization design
that makes situatedness a key area of focus.

Situated visualization is part of broader developments in information visualiza-
tion that strive to expand data visualization, its application areas, and technologies
to a broader range of contexts. Movements towards engaging larger audiences
with data visualization in more personal and non-work contexts include personal
visualization [ 109] and casual information visualization [ 195] as well as work on
public visualization [ 173] which has been concerned with making data available
to people in urban spaces. More technology-focused visions such as visualization
beyond the desktop [ 202], ubiquitous analytics [ 71], and immersive analytics [ 162]
aim at targeting novel technologies such as AR, VR, or large displays as display
technologies for data visualization.

The eld of human-computer interaction has undergone similar developments
with regards to theoretical and methodological research focus points and appli-
cation areas. With the shift from second to third wave HCI[ 19, 20], research in
HCI started shifting from considering primarily work settings to technology use in
people's homes and everyday life, thereby increasingly concentrating on individual
experiences and emergent use of technology. Applying these developments in
HCI to information visualization, one could argue that research in information
visualization has largely focused on second-wave applications in work settings
for domain-experts. However, the eld is increasingly moving into third-wave
application areas as seen by previously mentioned trends towards casual and per-
sonal information visualization [ 109, 195] and the inclusion of larger audiences
and different non-work-related application areas.

In my research, | draw both from information visualization and from Hu-
man—Computer Interaction where my subject of study, situated visualization, origi-
nates from the visualization community, but my methodological and theoretical
approach is routed in human-computer interaction. The eld of human—computer
interaction has had a long history of theoretically and methodologically view-
ing computing and technology as essentially situated in the social and material
world with theoretical perspectives such as situated action|[ 225] and activity the-
ory [18] and visions like ubiquitous computing [ 240], situated and ambient dis-
plays [183, 250], and context-aware computing [ 214]. Therefore, | have focused
on approaching situated visualization design from a primarily HCI perspective
drawing from these theoretical developments and research areas. My research is
located at the intersection of second and third wave HCI. | draw theoretically from
second-wave perspectives on situatedness in HCI as well as methodologically on
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participatory methods. With regards to application areas, | explore both work as
well as personal use settings that focus more on experiential aspects of situated
visualization from third wave HCI.

To explore a design approach for situated visualization, | have investigated the
following questions in this thesis:

* What are methods for ideation for situated visualization that account for the
place being designed for?

* What are strategies to study long-term use of situated visualization and what
can be learned from that for situated visualization design?

< How is the concept of situatedness used by the information visualization
community and how can broader aspects of situatedness be incorporated for
the design of visualizations?

This thesis addresses these questions through two empirical studies as well as a
literature survey and perspectives on situatedness. In the rst study, | contribute
ndings from collaborative sketching and ideation workshops for situated visual-
ization design (Chapter 7) which includes a study | have conducted with a local
food bank (see Chapter 4). The second study provides ndings on designing and
living with situated self-tracking visualizations through an autobiographical and
a co-design approach (Chapter 8). Lastly, | contribute a literature survey on the
current state of research on situated visualization and expand on perspectives of
situatedness (Chapter 9).

1.1 Overview of the Contents

In the following chapter (Chapter 2), | will give an overview of related literature
in both information visualization and human-computer interaction of current
research in situated visualization, related areas in information visualization, related
historical developments in HCI, and information visualization design. In Chapter 3,
| describe the methods | used during my PhD project and my motivations for
my research approach. Next, in Chapter 4, | give an overview of the two cases |
have worked on during my PhD project: the Food Bank, and situated self-tracking,
applying perspectives of situatedness that | developed in the context of my literature
survey (Chapter 9). Chapter 5 provides a summary of my projects in terms of
contributing to the development of a design approach for situated visualization. In
Chapter 6, | re ect on the thesis as a whole and discuss potential future work.

The publications that make up my thesis work are included in chapters 7,
8, and 9. Chapter 7 presents my work on sketching and ideation activities for
situated visualization design that | did in collaboration with researchers from the
University of Calgary on collaborative workshops for situated visualization. In
Chapter 8, | present an empirical study on situated self-tracking visualizations
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that | explored through autobiographical design and co-design. Finally, Chapter 9
presents a literature survey on the current state of situated visualization as well as
the development of ve perspectives on situatedness for situated visualization as
explored through six case studies.



Chapter 2

Related Work

During my PhD, both literature from information visualization and HCI have in-
uenced my research. In this chapter, | give an overview of the related research
for situated visualization. | rstintroduce the concept of situated visualization as
it has been used in the current literature with common application areas. Then |
provide an overview of historical developments in HCI that are related to situated
visualization and present related areas in information visualization. Finally | give
an overview of the role of design in information visualization.

2.1 Situated Visualization

In the following, | give an overview of work in situated visualization including
de nition and common application areas.

De nitions

The concept of situated visualization has been primarily used in the area of infor-
mation visualization and has been described in multiple ways as a certain type
(or categorization) of a data visualization. Situated visualization was rst de ned

by White and Feiner [ 246] as “a visualization that is related to and displayed in its
environment” , which they described in the context of SiteLens, a hand-held AR
system to support site visits for urban planning that has become a common exem-
plary project for situated visualization. Willettetal. [ 248] expand on White and
Feiner's initial de nition by introducing the concept of a physical referent which is a
“physical object or physical space to which the data refers” [248, p.463] and a situated
data representation is therefore “located close to the data's physical referent(s)” [248,
p.462]. Willett et al.'s conceptualization of situated visualization builds on the com-
monly used visualization pipeline [ 31] in information visualization and extends it
by adding a logical and a physical world component that bridges data and data rep-
resentations with their physical referents. Willett et al. also differentiate between
embeddedand situated visualizations based on the proximity and visual alignments
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of visualizations to physical referents where embedded visualizations are physically
aligned with their physical referents and situated visualizations are presented close

to their physical referents. They also discuss concepts of spatial and temporal
indirection to describe the distance between data referents and data representa-
tions. Vande Moere and Hill [ 172] de ne situated visualizations as “embedded in
a real-world, physical environment” in the context of urban visualization and as
being contextual, local, and social. Deviating from White and Feiner [ 246] and
Willett et al. [ 248], Vande Moere and Hill put forward the socio-cultural context and
community aspects of data visualizations in their de nition as primarily relevant

for urban visualization in public spaces. In the area of augmented reality, situated
visualization has been used as a possible application area for AR technology [ 215].
The AR community has traditionally had a broader understanding of the concept
“visualization” than the information visualization community [ 123]. While several
AR examples visualize data, the term visualization as it is used in augmented reality
often refers to information in general that is surfaced in an interface [256].

In my manuscript (see Chapter 9 for details), | survey the current corpus of
literature on situated visualization that explicitly refer to their work as such, and |
provide an overview of situated visualization research including commonly used
de nitions of situated visualization, methods, visualization and data types, and
technology. As a brief overview of the ndings from this survey, we found that there
is a strong focus on AR technology in the current body of work as well as limited
engagement with target audiences as exempli ed by a focus on lab studies, however
with some notable exceptions. With regards to de ning situated visualization, the
visualization community has approached the concept of situatedness for situated
visualization mainly as a representational issue, focusing on the relation between
the data, the visualization and spatial properties of the environment.

Application Areas

In the following, | will highlight a selection of current relevant examples and com-
mon application areas for situated visualization. Note that | also include examples
here that do not speci cally refer to the concept of situated visualization but can
still be categorized as situated visualization to provide a wider range of cases.

Work in the area of urban and public visualization has explored the displaying
and collecting data in public settings where data is relevant to local issues, places,
and communities, thus situating data visualization within these urban places.
Public polling on local topics and displaying data visualizations of the results
has been explored in a number of projects. Work on spatially distributed public
polling displays [ 48, 51, 52] has investigated how to include local communities and
facilitate the process of deploying and situating polling within urban environments.
Koeman et al.'s [ 136] work on visualizing Mill Road involved public polling and
displaying the results by spraying visualizations on the street, similar to the Tidy
Street project [ 15] where the energy use of households was also sprayed on the
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street itself. Street Infographics [ 47] likewise uses urban infrastructure to show data
visualizations on demographic data of a street in the form of a street sign.

Chemicals in the Creek [ 189] is another project on civic participation that
situates data physicalizations [ 119] on water permit violations as an installation on
the Chelsea Creek. Data physicalization has been used in a number of other projects
to situate representations of data in relevant spaces. Cairn[ 85], for instance, is a
physicalization that facilitates both data tracking and visualization of activities in
a FabLab. Other data physicalizations include Physikit [ 107] a system to display
environmental data through ambient physicalizations, Econundrum [ 211], an
installation of climate impact of dietary choices, and Loop[ 212], a physicalization
of personal activity tracking data.

Other work in home environments and self-tracking has investigated ways
to integrate data visualizations into personal spaces and facilitate data tracking
practices. Focusing on aesthetic considerations of visualization designs, Rodgers
et al. [204] place artistic ambient visualizations of energy use in home scenarios.
Self-tracking and re ection on data in the home has been studied by Thudt et
al. [231] through the creation of personal data physicalizations as well as by Pina et
al. [190] on tracking of sleep data for families on a situated display.

Wearable visualizations are a way to situate data representations on clothing
which has been explored in education to teach children about anatomy and phys-
iology through a wearable interactive e-textile shirt[ 180] as well as in sports to
facilitate awareness for basketball players [187] and in running groups [163].

While situated visualization research has frequently focused on non-work
scenarios, there are a number of projects that situate data visualizations within
work environments to support work activities including the Corsican Twin [ 197]
project with maintenance workers and building managers as well as Situated
Glyphs [126, 237] which involved supporting workers in a hospital ward through
glanceable situated information displays.

2.2 AHistorical Perspective

Situated visualization as a concept has largely been used and coined by the area
of information visualization, but the idea of displaying data in relevant spaces
has been explored since the early days of research in ubiquitous computing and
HCI. In the context of ubiquitous computing [  240], Fitzmaurice introduces “Situ-
ated Information Spaces” [ 79] as a concept that centers the connection between
information and physical objects or spaces to organize and access information
through spatially-aware palmtop displays. Other early work in ubiquitous com-
puting [ 240] focuses on presenting data in situated and ambient ways such as
Natalie Jeremijenko’s Live Wire (Dangling String) [ 120] which can be seen a situated
physicalization [ 248] that shows network traf ¢ at PARC through the motion of a
wire hanging from the ceiling. Inspired by ideas of calm computing[ 241, 242], the
emerging research area of ambient displays [ 250] focused on using the architectural



10 CHAPTER 2. RELATED WORK

space to display information in subtle ways moving to peripheral awareness and
perception of information. A prominent project is the ambientROOM [ 116] which
explores various modes of presenting ambient information through displays of
light, sound, and movements. Other examples in the area of ambient displays and
media include the Hello.Wall [ 196], a wall-sized display that shows information
through light patterns, PinWheels [ 117] a museum installation that shows invisible
information ow through physical movement, and the History Tablecloth [ 83] that
emits halos where objects are left on a table to show the ow of objects in the home.

With evolving and more ubiquitous display technology becoming cheaper and
more readily available, the area of situated and pervasive displays [ 54, 183] started
to explore displaying contextually relevant information on situated and public
displays in various different form factors. While ambient displays focused on
showing small amounts of information peripherally and in subtle ways, research
on pervasive displays focused on presenting more explicit information related
to spaces in application areas such as work environments [ 38, 44], or in public
spaces [26]. Research has looked into a variety of different topics such audience
behavior, how to facilitate engagement with displays, or interaction techniques for
pervasive displays [54]. Early examples of situated displays are the Hermes of ce
displays [37, 38] that enable remote messaging through small, distributed displays
outside of of ces and InfoCanvas [ 224], an artistic situated display of personally
relevant information.

Context-awareness [61, 214] is another concept that originates from ubiqui-
tous computing as the ability of a system to detect the situation it is being used
in and react and adapt accordingly, thus enabling context-based information de-
livery. The area of context-aware computing relates to situated visualization in
foregrounding taking the situation of use of technology into account and making
that the focus of design. Context-aware computing developed with the increasing
availability of mobile devices that were equipped with sensory capabilities such
as the use of GPS and cellular networks to detect the location of devices. This
enabled explorations of systems that could sense and respond to the situation of
their context of use [ 2, 36]. While early explorations of context focused on location
as the main mechanism for context, the ubiquitous computing community soon
started to develop broader conceptions of context. Schmidtetal. [ 216] stated that
“there is more to context than location”, arguing for a broader view of context that
uses a wide range of sensory inputs to detect the situation of use. This led to the
development of further context frameworks [ 10, 62] and conceptual models of con-
text [255]. In a shift from technology-focused concepts of context, the ubiquitous
computing community developed alternative models of context such as context as
a dynamic construct [ 88] and focusing on non-spatial aspects and seeing context
from a human perspective [ 12]. In a move away from context as a representational
problem, Dourish [ 67] argued for context as an interactional issue, in that context
is dynamically constructed through interaction as opposed to a set of properties
that can be modelled through sensory input.

In parallel to these more technologically driven developments in ubiquitous



2.3. BEYOND THE DESKTOP: RELATED AREAS IN INFORMATION
VISUALIZATION 11

computing, as computers became part of a variety of different contexts of use [ 92],
HCI and CSCW developed various theoretical concepts that see computing as
fundamentally socially and culturally situated in the material world. This is par-
ticularly relevant for situated visualization to conceptualize and expand concepts

of situatedness in information visualization. Suchman's work on situated action
points out that “every course of action depends in essential ways on its material
and social circumstances [225, p.70]. Drawing on ethnomethodology, Suchman
provides a critique of the then prominent planning model of cognition for the
design of interactive systems that sees action as a sequence of pre-de ned goals
and plans that a person executes. Instead, Suchman describes human action as
situated and characterizes behavior as an improvised activity within the physical
and social environment and circumstances of a person. With the introduction of
Activity Theory [ 18] to HCI as a conceptual framework, came a focus on activity
as a unit of analysis where technology mediates real-life activities that are seen
as inherently social and involve different tools and artifacts in the material world.
Building on phenomenological approaches, Dourish turned towards embodiment

as a fundamental principle for interaction as “the creation, manipulation, and shar-

ing of meaning through engaged interaction with artefacts”[ 65, p.126] In addition,
various work has examined the role of place in HCl and CSCW [ 67, 100] moving
away from a spatial focus for technology design to focus on concepts of place that
center historically and socio-culturally embedded meaning of locations. This in-
cludes Harrison and Dourish's work on space and place [ 67, 100] for CSCW design,
Fitzpatrick's locales framework [ 80], and Bannon and Ciol 's[ 45] interpretation of
Tuan's work [ 235] on the experiential perspective of space and place. These theoreti-
cal developments provide a basis for conceptualizations of situatedness for situated
visualization and have served as the base for the perspectives of situatedness as
described in Chapter 9.

2.3 Beyond the Desktop: Related Areas in Information
Visualization

Information visualization has historically largely been concerned with focusing
on support of analytical tasks of domain-experts using traditional desktop appli-
cations to analyze data [ 195, 248]. Situated visualization has been part of recent
developments in visual analytics and information visualization of visions and re-
search agendas that advocate for moving beyond traditional desktop applications
and supporting a wider population of people with data visualization.

In a call to move to “visualization beyond the desktop”, Roberts etal. [ 202]
lay out a vision of the future of data visualization based on current technological
developments that highlights the opportunities of different modalities and tech-
nologies for data visualization. Related to that, EImqvist and Irani coined the term
“Ubiquitous Analytics” [ 71], a ubiquitous computing approach to data analytics
to enable sense-making of data with devices embedded in the physical environ-
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ment. Ubiquitous Analytics suggests a paradigm shift for data analytics on the
basis of technological advances that enable interaction with data in a variety of
different settings. “Immersive Analytics”[ 9, 162] is another research initiative in
visual analytics that is motivated by the emergence of novel display technologies
such as AR, VR, and large displays that offer new ways of displaying data with the
aim of immersing people in their data analysis tasks. In parallel to these develop-
ments, “Situated Analytics” [ 72, 229] has been developed as a concept that draws
from visual analytics and augmented reality to facilitate data analytics within a
physical environment. Situated Analytics foregrounds data analytics in relation

to relevant physical objects, spaces and, persons focusing on AR technology as
a presentation mechanism. Related to that, Ens and Irani propose the concept
of “Spatial Analytic Interfaces” [ 74] that aims at leveraging spatial interaction to
support situated analytical tasks. Focusing on challenges related to displaying data
visualizations on mobile, devices, mobile visualization [ 42, 145] strives to address
topics such as adapting visualizations to small, mobile displays and developing
interaction techniques for mobile devices. All of these visions and concepts fo-
cus on visualizing data and enabling data analytics in settings not traditionally
targeted by information visualization through novel emerging technologies with a
focus on creating new data visualization and analytics opportunities enabled by
technological innovation.

Other strands in information visualization have also been concerned with
displaying visualizations in non-traditional ways and application areas focusing
especially on enabling data visualization for non-experts and facilitating data visu-
alization for a broader range of people. Casual information visualization[  195] and
personal visualization [ 109] prominently depart from approaches in information
visualization that center domain experts to instead support data visualization in
personal and everyday settings for a wide population of people. Constructive vi-
sualization [ 111] is a related paradigm for the creation of data visualizations with
the aim of democratization of data visualization that enables non-experts to create
and engage with data visualization through units or tokens as building blocks. In
similar movements, work on public visualization[ 47, 136, 172] involves visualiz-
ing data in urban spaces to facilitate citizen engagement including research on
public polling [ 49, 51, 52, 136] and displaying locally relevant data in urban set-
tings to raise awareness [47, 189, 227]. Data physicalization [ 119] aims at encoding
data within physical artefacts which can be an opportunity to engage larger au-
dience and to display data in situated ways [ 248]. Ambient visualization[ 171]is
another proposed related area in information visualization that applies principles
from ambient displays and ambient media to information visualization to focus
on the presentation of data visualization in subtle ways to facilitate peripheral
awareness. Offenhuber [ 181] offers a different approach to data visualization al-
together called “autographic visualization”, building onto prior work on indexical
visualization [ 182], which follows a visualization approach that starts with mate-
rial phenomena to make traces visible, situating the visualizations by anchoring
them in their underlying physical phenomena. Research in these areas is related
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to situated visualization as projects often display data visualizations in situated
ways where the data is relevant to people in a variety of settings such as public
and personal spaces and as such often serve as application domains for situated
visualization(see also Section 2.1).

2.4 Visualization Design

Design in information visualization that relates and engages with people and the
context of use of visualizations is primarily discussed in the context of visualization
design studies. Visualization design studies have been characterized by Sedimair et
al. [219] as involving real-world problems of domain experts where visualization
researchers try to solve these domain-speci ¢ problems by creating and validating
avisualization system and then re ect on their experiences. Moving away from pos-
itivist notions of knowledge creation, Meyer and Dykes [ 169] take an interpretive
perspective on visualization design studies as a method of inquiry that is situated,
speci ¢ and complex and produces a variety of knowledge contributions. They
propose six criteria of rigor for visualization design studies (informed, re exive,
abundant, plausible, resonant, transparent). Based on Meyer and Dykes' work,
Rogers et al. [205] report on a one-year long visualization design study collabo-
ration with evolutionary biologists that implements a set of these rigor criteria
throughout the process. On the role of design in information visualization, Vande
Moere and Purchase [ 173] propose a framework of possible roles of design in infor-
mation visualization that includes next to the common visualization studies also
visualization practice and visualization exploration and they argue that designers
seek to nd a balance between utility, soundness, and attractiveness in visualization
design.

There are a number of different models that provide guidance on the visualiza-
tion process and decision-making for researchers to draw upon when conducting
visualization design activities that focus on designing visualizations for speci ¢
domains. Munzner's nested model for visualization design and validation[  176]is
one of the most prominent design decision models for information visualization.
The model consists of four nested layers (domain characterization, data and task
abstraction, encoding and interaction, and algorithm) and provides guidelines on
how to evaluate each of the levels based on threats of validity on each layer. An
extension of the nested model, the nested blocks and guidelines model, developed
by Meyer et al. [ 170] provides more ne-grained guidelines for design decisions
within and between layers of the nested model. With regards to the design process,
Sedlmair et al. [ 219] provide guidelines for collaborative visualization design studies
and propose a process consisting of 9 stages (learn, winnow, cast, discover, design,
implement, deploy, re ect, and write) drawing from HCI methods and proposing
different methodological approaches for the different stages. To bridge the gap
between design activities and design decisions, McKennna et al. [ 165] present a
design activity framework composed of four activities (understand, ideate, make,
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deploy) and McCurdy et al. [ 164] introduce action design research for visualization
design as a tool to account for people and context in shaping the design of artefacts,
the design, and research. In approaching more speci ¢ challenges in the design
process, Hall et al. [ 95] propose design through immersion as a design approach for
transdisciplinary visualization projects proposing immersion of researchers in the
target discipline to bridge the gap between visualization researchers and domain
experts.

Information visualization design studies and the associated design decision and
design process models are mainly focusing on creating problem-driven visualiza-
tions for domain-experts aiming at solving data analysis problems for speci c tasks.
In contrast, situated visualization is more focused on coupling data visualization
with the environment that people act in and supporting their activities and existing
practices. For situated visualization, there are additional design considerations
with regards to how to situate and where to place data visualizations, how to decide
what data is relevant, how to engage with people and places, and what methods
are suitable to design situated data visualizations. The information visualization
community has taken a more prescriptive approach for visualization design studies
and design decisions with speci ed stages and tasks. In my thesis, | instead took
an exploratory approach to design for situated visualization where | drew from
methods in HCI as HCI has a long history of engaging with places and people
and examining computing within the context of use (see Section 2.2) SedImair et
al. [219] and McKenna et al. [ 165] have likewise drawn from HCI methods for their
frameworks. Research in personal visualization [ 109] has similarly argued to adapt
methods from other elds like HCI[ 230] and have brought forward the importance
of considering context and ecological t of visualizations [109, 204].

2.5 Summary

In this chapter, | have mapped out the current research landscape on situated
visualization including de nitions and application areas. | provided a historical
context from HCI, ubiquitous computing, ambient displays, context-awareness
and theoretical discussions related to situatedness. | also discussed related topics
in information visualization as well as visualization design and the relation to my
research approach.



Chapter 3

Methods and Process

In this chapter, | describe my methodological approach and the process and meth-
ods | used. First, | give an overview of my general approach and my application
of the triangulation framework, followed by the methods | used including sketch-
ing and ideation workshops, autobiographical design, co-design, and a literature
survey and perspectives on situatedness.

3.1 Process

In my PhD, | set out to investigate strategies for situated visualization design. To
achieve this, | took a qualitative approach as my research goals were more open-
ended and exploratory which ts well with qualitative methods [ 17]. To also ac-
count for the inherently situated nature of my research topic, | wanted to get deep
insights into people's experiences and study situated visualization in real-world
contexts [ 206]. For working with people during the design process, | focused on
participatory methods (collaborative workshops and co-design) to account for
people's perspectives to actively involve them in the design process.

In the following, | give a short overview of the projects and process of my PhD
work. Figure 3.1 shows an overview of my different projects.

| started out my PhD with an initial review of current literature on situated
visualization in information visualization. This gave me an overview of the research
area and pointed me towards a gap in design approaches and methods for situated
visualization. | also drew from literature in HCI, which in uenced my research
methodologically as well as theoretically to develop and expand perspectives on
situatedness.

| began my empirical work at a local food bank where | investigated the potential
use of situated visualization in the Food Bank's warehouse to support people's work
activities. The project included observations at the Food Bank as well as a sketching
and ideation workshop with Food Bank workers. My ndings from the Food Bank
gave me insights into the complex nature of designing data visualizations for a

15
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Figure 3.1: Triangulation approach: My PhD project involved the following activi-
ties: A:initial literature review B: sketching and ideation workshops for situated
visualization design at a food bank, C:: situated self-tracking through autobiograph-
ical design, D: situated self-tracking through co-design, E: a literature survey and
development of perspectives of situatedness.

speci ¢ place in a situated manner which informed my next project on situated
self-tracking.

My second empirical study on situated self-tracking explored design and long-
term use of situated visualization through an autobiographical and a co-design
study. The projectinvolved designing and living with manual self-tracking visualiza-
tions on dedicated situated displays. The self-trackers served as a way to investigate
the long-term use of situated visualization and explore design implications for
visualization designs and data tracking mechanisms.

Finally, my keyword-based literature survey involved providing a systematic
overview of current research in situated visualization including commonly used
de nitions and concepts. My empirical work from the Food Bank and the situated
self-tracking project informed me in questioning current notions of situatedness in
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the information visualization literature and motivated me to initiate the develop-
ment of further perspectives of situatedness.

| followed Mackay and Fayard's [ 158] triangulation framework as a perspec-
tive on the process of my PhD work. Triangulation in HCI is a framework with
the objective of approaching the same topic or research question from different
perspectives by using multiple methods to gain a deep understanding of the topic.
These different perspectives include observations of real-world phenomena such
as how people use technology, design of artefacts, and theory to conceptualize
a topic. These perspectives inform each other throughout the research process.
Figure 3.1 shows and overview of my projects in chronological order and how they
relate to each other through the perspectives of theory, design, and observation.

3.2 Methods

In the following section, | describe the methods | used throughout my PhD project
which includes empirical work on sketching and ideation workshops for situated vi-
sualization design, an autobiographical and a co-design study as well as a literature
survey and perspectives on situatedness. The procedures of each of the individual
methods are described in detail in my publication and manuscripts, so | focus on
giving a broad overview and summarizing my motivations and additional details
for choosing these approaches in the broader context of my PhD work.

Sketching and Ideation Workshops

In the context of my project with the Food Bank (for details on the Food Bank case
see Section 4.1), | conducted two sketching and ideation workshops: one, as a pilot
workshop with researchers at the university in Aarhus to evaluate the workshop
format and one at the Food Bank with volunteers and employees. | conducted these
workshops to investigate the potential of using situated visualization in the Food
Bank to support work activities. With the workshops, | explored information needs
of workers, potential placements of situated visualizations, and possible display
form factors. The workshops involved sketching on whiteboard sheets in different
form factors and placing the whiteboard sheets with sketches directly in the space
of the warehouse of the Food Bank where people would want to see them.

| decided on a collaborative workshop format to facilitate discussion between
all participants involved. To integrate all stakeholders into the design process, |
chose a mix of volunteers and permanent employees as workshop participants.
The sketching activities involved two phases with individual ideation rst, followed
by a group discussion to both support including opinions by all participants and to
also facilitate discussions between the different parties involved.

Using sketching [ 29, 89] for ideation serves the purpose of supporting partic-
ipants in externalizing their ideas and providing a tool for communicating ideas
to other participants. Both collaborative workshops [ 130, 134] as well as sketch-
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ing [ 166, 203] are methods that have been described and used to facilitate design
activities for information visualization.

I chose a situated approach to sketching where participants sketched and
ideated within the space they were designing for, the warehouse of the Food
Bank. Ideating in the target environment is bene cial for designing for a phys-
ical space [69, 96] and approaches like bodystorming [ 185] and embodied sketch-
ing [ 161] are related methods that highlight the value of ideation in the place being
designed for.

The data collected included recordings of the workshop and photographs of all
the sketches of participants with their respective placements within the warehouse.
For the data analysis of workshop materials , | transcribed recordings of the work-
shop, coded the transcript to identify themes in the discussions, and grouped and
categorized sketches and their placements. In Chapter 7, | combined my ndings
from my sketching and ideation workshops with ndings from researchers from
the University of Calgary that had independently conducted similar workshops as
mine. Together, we distilled a set of ndings for design activities for early-stage
design of situated visualization using different sketching materials and ideation
activities.

Autobiographical Design

After exploring sketching and ideation of situated visualization, | set out to investi-
gate prototyping and designing as well as long-term usage of situated visualizations
focusing on the topic of situated self-tracking. | conducted an autobiographical
design study on situated manual self-trackers that included me and my two co-
authors Wesley Willett and Jo Vermeulen that involved designing, prototyping,
and using self-trackers in weekly design cycles over the course of ten months by
ourselves. All trackers were designed to be situated in relevant places to explore the
impact of relevantly situating self-trackers in personal spaces.

Autobiographical design is research method in HCI that has been de ned by
Neustaedter and Sengers as “design research drawing on extensive, genuine usage
by those creating or building the system’[ 177, p. 514]. Autobiographical design is
part of an increased interest in the HCl community on rst-person research meth-
ods [155], such as autoethnography and autobiographical design, as an addition
to more traditional research methods. Autobiographical design t well with my
endeavor of exploring long-term situated self-tracking as this approach is suited for
long-term use [ 177] of systems to attain deep knowledge insights into the effects
and impact of technology, particularly in personal and intimate spaces|[ 58], that
would be dif cult to access otherwise [ 56, 155]. Additionally, as autobiographical
design allows fast tinkering [ 177], choosing an autobiographical design approach
enabled me to rapidly prototype situated self-trackers in short design cycles and
multiple iterations and to quickly respond to changing requirements.

My interest in situated self-tracking was sparked through my collaboration
which researchers from the University of Calgary through our joint project on
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sketching and ideation workshops for situated visualization, that included work-
shops on situated self-tracking that had been conducted in Calgary as part of an
ongoing project on situated self-tracking. This collaboration and further discus-
sions on potential projects that would t with my research then resulted in my stay
abroad at the University of Calgary where | conducted most of my autobiographical
design study. My motivation on doing autobiographical design research was driven
by a mix of personal curiosity of trying out and building self-tracking technology for
myself, which | did not have prior experience in, coupled with my research interest
in situated visualization, with situated self-tracking being a tting possible applica-
tion area. Neustaedter and Sengers [ 177] point out a “genuine need” as a perquisite
for autobiographical design research that Desjardins and Ball[  56] further discuss
the dual role of researcher and private person through a “co-shaping of design and
research’”. For this project, my personal interest and my research interests aligned
in that it allowed me to follow both while carefully balancing my dual role in the
project.

For documentation and record keeping throughout the design process, | chose
a diary study approach as the main mechanism for data collection to re ect on
the experiences of using the situated self-trackers. We used a combination of
photographs and written diary entries, that we stored in a shared cloud storage
to make our re ections available to the other co-authors. Conducting a diary
study [ 33] is bene cial to elicit in-situ re ection on long-term use of technology
and it enabled us to document our re ections in a lightweight manner that we
could update whenever we had observations we wanted to capture. The data we
captured throughout the process consisted of photographs, screenshots of the
trackers, and diary entries. For the data analysis, as the study process consisted of
alternating periods of design and use, we kept up an iterative re ective process of
reading each other's diary entries and discussing them in weekly meetings resulting
in an ongoing re ective analysis of our experiences and observations. At the end of
the autobiographical design study, each author rst re ected on all the material
individually, and then in group discussions we characterized a common set of
themes.

Autobiographical research yields generative insights into long-term usage of
technology, rather than generalizable results and is in its nature subject to sub-
jectivity [ 177] as it centers the researcher as an essential part of the research and
process. To broaden my perspective on my experiences of designing and living
with the situated self-trackers, | relied on the weekly meetings with my co-authors
to compare and discuss our experiences and to critically question my own in-
sights and re ections. In the next step of the project, we additionally integrated six
people into our design process to complement the autobiographical design study
through a co-design study, which | will describe below. Autobiographical design
and autoethnography has been previously combined with other methods such as
interviews [34, 102].
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Co-Design

As part of my project on situated self-tracking, | conducted a co-design study with
six participants that followed the same process as the autobiographical design
study with some adaptions. My goal with involving additional people into the study
was to gain a more comprehensive understanding of the design and long-term
use of situated self-trackers that did not solely rely on my co-authors' and my
re ections. The co-design study was intended to act complementary to the autobi-
ographical design study by including broader perspectives and expand on our own
self-tracking designs and observations. In that, the autobiographical design study
also served as a learning process and trial of the procedures of the co-design study
as well as developing the technical infrastructure to enable prototyping of the self-
trackers. Using a co-design [ 21, 209] approach t with our initial autobiographical
design approach in its main commitment of giving participants an active role in
the design process and creating technology that suited their needs and t into their
existing practices. In our co-design process, we centered participants as experts of
their own lived experience to enable participants to actively shape the self-tracker
designs and tailor them to their unique living situations. In the co-design pro-
cess, | took on the role of a facilitator [ 209] to support the ideation and design of
self-trackers, implement the self-trackers, and provide support and adaptions to
self-trackers throughout the process. We retained the same diary study approach
and main design phases as in the autobiographical design study with some adap-
tions including an initial brainstorming and sketching session to come up with
possible self-tracking designs and a debrie ng interview at the end of the study.
Co-design has previously been used to study self-tracking [ 121, 156, 193] to create
self-trackers that are highly customized to meet people's needs and expectations.

All participants collected their re ections in diary entries and by taking pho-
tographs throughout the use period of the self-tracker. The data analysis process
consisted of analyzing the diary entries, photographs, and debrie ng interviews
in a similar iterative process as in the autobiographical design part of the study,
including all authors to identify and categorize themes that we then combined with
the ndings from the autobiographical design study.

Literature Survey and Perspectives on Situatedness

Through reviewing related work on situated visualization throughout my PhD
studies, | found that a technological framing of situatedness as a relational issue
of spatial properties was common in the literature of information visualization

in uenced by visions such as situated and immersive analytics[ 162, 229]. In my
projects on sketching and ideation and on situated self-tracking, | worked with the
concept of physical referents by Willett etal. [ 248]. While the concept was bene cial
in providing a common terminology and a conceptual framework to talk about
situatedness, I, however, found that focusing on representational properties was
limiting in describing situatedness in my cases. For instance, in the Food Bank case,
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we realized that proximity to physical referents was not always desirable and for
the situated self-trackers we found that they were often situated in general spaces
to support tracking activities rather than in proximity to a clear set of referents.
Through ongoing discussions with colleagues on these issues, | set out to further
investigate situatedness for situated visualization that more broadly explores the
material and social circumstances of visualizations. To that end, | started with
an exploration on how situatedness was used in the current literature on situated
visualization by conducting a systematic keyword-based literature survey that
analyzed how the literature currently uses the term as well as common approaches,
technologies, data, and visualization designs. As HCI has grappled with various
conceptualizations of situatedness, context, place, and how technology ts within
people’s existing practices and spaces, | drew from theoretical developments from
HCI to provide broader perceptions of situatedness in the area of information
visualization.

3.3 Summary

This chapter provided an overview of my research process and methods of the
different projects | have worked on during my PhD. My research has focused on
qualitative, participatory, and rst-person methods to explore situated visualization
design including collaborative workshops, autobiographical design, and co-design
as well as a literature survey and development of a theoretical exploration of situat-
edness.






Chapter 4

Case Studies

In this chapter, | give an overview of the two cases | have been working on during
my PhD project, the Food Bank and situated self-tracking, and how they relate
to the perspectives of situatedness | developed. The perspectives of situatedness
include space, time, activity, place, and community and are presented in detail in
Chapter 9. In the papers on my cases (Chapter 7 and Chapter 8), | refer to situat-
edness with framework of Willett et al.'s [ 248] physical referents which has been a
useful conceptualization to provide terminology to describe situated visualization.

In this chapter, however, | instead analyze my cases through the lens of the perspec-
tives of situatedness that | conceptualized towards the end of my PhD. While these
perspectives are not explicitly discussed in the papers of my previous projects, they
have been a part of considerations that took place throughout my PhD project and
evolved over time. In my cases, the social and material circumstances that visual-
izations were placed in were more relevant in informing the design of visualizations
rather than representational, spatial characteristics between data visualizations
and the physical environment. To provide a more generative source for design for
situated visualization, we drew from literature in HCI to develop ve perspectives

of situatedness that function as tools for re ection.

In both of my cases, | have focused on small displays as a target technology
to display data visualizations. Situated visualization is often associated with AR
technology where visualizations are presented as overlays over the physical space
and infrastructure that the data refers to [ 72, 215, 229]. However, for both the
Food Bank and situated self-tracking, permanent visibility of visualizations and
technology that does not require new infrastructure or instrumentation of people
through technology with head-mounted displays was important. For the Food Bank
particularly, it was essential that technology would not be disruptive to existing
work practices and would not require training to keep the barriers for volunteering
low. Small displays for situated self-tracking provided high and permanent visibility
of visualizations as well as a useful prototyping platform facilitated through the
availability of a current web browsers to develop the trackers.

23
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Figure 4.1: The warehouse of the Food Bank

4.1 The Food Bank

| started my PhD with a project at a volunteer-run Food Bank in Aarhus where

| investigated integrating data visualizations into the Food Bank's warehouse to
support their work activities. In the following, | will give a more detailed overview
of the Food Bank and my research activities at the Food Bank as Chapter 7 only
provides a very concise description.

The Food Bank (Fgdevarebanken) is a non-pro t organization that aims to
reduce food waste by distributing surplus food to social organizations such as
shelters, children's homes, and schools. It has been in operation since 2008 and
has three distribution centers in Copenhagen, Kolding, and Aarhus where food is
stored and redistributed. The Food Bank receives donations from partnerships with
companies such as producers, wholesales, large supermarket chains, and speci ¢
events. Companies can either request pickup of donations or deliver food directly
to the distribution centers. The reasons for donor organizations producing surplus
food are multi-faceted and range from packaging misprints to delays in the distribu-
tion chain, overproduction, damaged goods, and issues related to expiration dates.
The Food Bank operates on a volunteer-basis. Additionally, each of the distribution
centers has a small number of paid employees for administrative and organiza-
tional tasks of running the Food Bank which includes managing the logistics of
redistributing and re-packaging food in the warehouse, planning delivery routes,
training and on-boarding of volunteers, and handling cooperation with donors and
recipients.

The Food Bank operates in a warehouse where donations are received, stored,
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and re-packaged for redistribution. After arriving in the warehouse, goods are
registered and scanned and then packed for the individual delivery routes based on
experience on how much and what types of food the recipients want while aiming
to minimize food waste at the Food Bank due to expiration dates. Volunteers
distribute food on delivery routes to social organizations that pay a handling fee to
the Food Bank in return. There are several delivery routes each day and volunteers
usually go on the same delivery routes with the same three people as personal
contact to people at the social organizations is important to them. Volunteers are
often retirees and younger students or unemployed people that volunteer half a
day once a week at the Food Bank. The staff briefs volunteers before each shift
to inform them about special food items and quantities. Before going on a route,
volunteers load food into to a van from prepared pallets for each route. At each
stop on the route, volunteers negotiate with recipients about taking items that are
currently in stock. After the route, staff have a debrie ng meeting with volunteers
and leftover food is either stored again at the warehouse or needs to be disposed.
Staff and volunteers usually have a shared lunch together after volunteers return
from their route.

The Food Bank has to work in compliance with local food safety regulations.
To store food in the warehouse, there is a longer-term dry-storage for goods with
longer expiry dates as well as a cold-storage with a fridge and freezer to store more
quickly perishable items. The vans similarly have a cold-storage and volunteers
have to check the temperature in the van regularly. The Food Bank also has to
document all items that they receive as well as where they are recirculated to by
scanning the item's barcodes when they arrive and when they are handed out to
the recipients.

The Food Bank Research Project

The Computer-Mediated Activity (CMA) group at Aarhus University started a col-
laboration with the Food Bank that lasted throughout 2018. The project involved
multiple participants including Food Bank employees and volunteers, researchers
from Aarhus University, as well as people from recipient and donor organizations.
Research activities included meetings, observations, interviews, design workshops,
and design proposals. My line of inquiry was part of an effort to investigate how
the data of the Food Bank could be used to bene t the Food Bank's work processes.
My project focused on how to integrate the Food Bank's data into their warehouse
through situated data visualization to support their work activities.

My research activities started with an initial meeting with employees of the Food
Bank where we discussed the potential of using small distributed situated displays
that show data visualizations within the warehouse of the Food Bank to support
their work processes. After the initial meeting, | conducted a site survey of the
warehouse as well as participant observations [ 223] in the Food Bank to familiarize
myself with their work procedures. | participated in one of the delivery routes with
two other volunteers where we delivered food to several recipient organizations. In
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