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CHAPTER 1

INTRODUCTION

This proposed dissertation is about a framework that describes why and how to use
creativity workshops in visualization design studies. In its formative work, we conducted
two design studies where we used creativity workshops [37] and creativity methods [36] to
quickly establish rapport with project stakeholders, to characterize the problems faced by
analysts, and to explore solutions to those problems. We based our creativity methods and
workshop on descriptions in the existing visualization literature, but we had many unan-
swered questions about how to effectively use them. To investigate these questions, we
analyzed our use of creativity workshops and the experiences of 6 visualization researchers
who have used creativity workshops in 15 projects. Based on this analysis and an extensive
literature review, the primary anticipated contribution of this proposed dissertation is an
actionable visualization creativity workshop framework grounded in creativity theory. It
will describe theoretical and practical considerations of creativity workshops, including
why it is important that they emphasize creativity and how to customize them to a specific
project. This framework will provide guidance for designers to use creativity workshops
in their own projects, connect that guidance with existing creativity theory, and identify

opportunities for future research on creativity workshops in visualization design.

1.1 Overview
As visualization designers, we aim to create useful visualizations for data analysts in
design studies [74]. But creating useful visualizations is hard for a variety of reasons. Of-
ten, analysts cannot tell us what they want to do with visualization tools because humans
struggle to communicate tacit knowledge [64]. This is further complicated by imperfect
communication due to the specialized knowledge of both designers and analysts—we
may not know their domain’s vocabulary and they may not know what is possible with

visualization [84]. We also have to navigate the context where analysts work, accounting
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for the bureaucracy and political environment of their organizations [73]. And we have
to do all this while remaining productive as analysts expect to see rewards, often in the
form of useful visualizations, for committing their limited time and energy to working
with us [73].

Visualization process models describe the steps of conducting a design study and de-
fine three categories of common challenges faced by designers: intellectual, organization,
and interpersonal [42, 54, 58,73,74,79]. Intellectual challenges relate to finding real needs
for analysts and whether fulfilling those needs is an interesting visualization problem [74],
such as eliciting requirements based on analysts’ tacit knowledge [64]. Organizational
challenges include political, bureaucratic, and administrative constraints, such as the abil-
ity to share sensitive data [73] or the buy-in from management [36]. Interpersonal chal-
lenges focus on relationships or communication between individuals [74], for example,
the amount of engagement that analysts have in the project [73]. Failure to address any
of these challenges undermines the project as seemingly small errors cascade through the
design process [58].

The typical methods for navigating these challenges require significant time commit-
ment, especially at the start of design studies. Commonly, designers use a mix of con-
textual inquiry and interviews for finding interesting domain problems [74]. But these
methods require the focused attention of analysts, potentially over multiple days [28].
This strains the collaboration as it requires a large time commitment before we can deliver
useful visualizations. Large organizations complicate things further as we must work with
a diverse set of analysts, requiring even more time and energy from them as we piece
together the organization’s goals from disparate perspectives [36].

Recently, designers used creativity methods and workshops to understand analysts’
needs while accounting for intellectual, organization, and interpersonal challenges [20].
Creativity methods are participatory activities that explicitly stimulate creative thinking
[61]. Creativity workshops are the structured use of one or more creativity methods, typ-
ically with about 10 participants in sessions ranging in length from 2 hours to 2 days [32].
The characteristics of creativity methods and workshops include repeated cycles of di-
vergent and convergent thinking, interpersonal leveling, and open communication [61].

Applied to design studies, they help designers and analysts explore the relevant problem
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and solution spaces [20], aid in navigating organizational hierarchies [36], and establish
relationships with all project stakeholders [21].

In the formative work of this proposed dissertation, we applied creativity methods and
workshops in two design studies. In our first design study, we used creativity methods
with defense analysts to make use of limited meeting time and to gain trust and buy-
in from analysts” management [36]. In our second design study, we used a creativity
workshop to understand the diverse analysis needs of neuroscientists and to engage all
members of an academic laboratory [37].

We based our use of creativity methods and workshops on examples from the visualiza-
tion literature [16, 20,42, 82]. Although this literature reported enough information for us
to use the methods, we did not understand how they could be tailored to our specific needs
or why they were successful. The research reported on what was done in the workshops.
It left us to fill in the practical considerations, how to use them, and the underlying theory,
why they were useful.

This proposed dissertation will contribute a framework to demystify both the process
and theory of using creativity workshops in design studies. The framework will be based
on our analysis of qualitative data from 15 creativity workshops in a variety domains.
It will also be grounded in creativity theory from an extensive literature review. It will
answer questions that designers may have about creativity workshops, including: Why
should we care about creativity in visualization design? What does creativity mean in this
context? What are creativity methods and workshops? How do we decide if a creativity
workshop will help our project? How do we plan a creativity workshop? How do we run
a creativity workshop? And, how do we use the workshop output during the visualization
design process?

Some of these questions have been addressed by the domains of creative problem solv-
ing, software engineering, and psychology, yet, this work fails to account for the nuances
of visualization design. We will account for these nuances, including the use of specialized
process models [79], the critical role of data early in the design process [58], the sharing of
knowledge between designers and analysts [84], the fuzzy nature of visualization software
requirements [74], the evolution of data and tasks that occurs throughout the project [53],

and the organizational, intellectual and interpersonal challenges [74].



1.2 Contributions

This proposed dissertation’s primary anticipated contribution is a visualization cre-
ativity workshop framework to provide practical and theoretical guidance on their use
in design studies. It will be supported by three main pillars: 1) reviewing literature on
creativity workshops spanning various domains, including, psychology [11,17,34,71,72],
problem solving [10, 12,22, 55,56, 61], and software engineering [14, 31, 33, 45, 46, 48-50, 57,
69,70,75]; 2) analyzing qualitative data collected from the experiences of 6 creativity and
visualization experts! who have used creativity methods and workshops in 15 projects [14,
16,20,21,29,31, 33,38, 41,59, 68, 82]; and 3) analyzing our own experience using creativity
methods and workshops in design studies [36, 37].

This proposed dissertation’s secondary contributions are design studies where we used
creativity methods and workshops. First, in a design study for defense analysts, we used
creativity methods to make use of limited meeting time with our collaborators. This
project’s contributions include task analysis, data abstraction, and a visualization tool for
analyzing spatial and non-spatial ballistic simulation data [23,36]. Second, in a design
study for neuroscientists, we used a full-day creativity workshop to expose shared needs
and establish rapport with analysts. This project’s contributions include a set of software
requirements for multivariate graph analysis and two techniques for visualizing graph
connectivity [37,39].

The secondary contributions provide important grounding for the proposed creativity
workshop framework. Conversely, the creativity workshop framework synthesizes our
experience with that of our collaborators and an extensive creativity literature review to

propose best practices for using creativity workshops in design studies.

1.3 Structure of this Proposal
The remainder of this proposal includes related work, followed by a discussion of
our three projects organized by time. Chapter 2 contains work related to visualization
creativity workshops. Chapter 3 reports the design study with defense analysts. Chap-

ter 4 summarizes the design study with neuroscientists. Chapter 5 outlines the proposed

1[redacted]
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remaining work, the visualization creativity workshop framework. Finally, chapter 6 pro-

poses a timeline for the remaining work.



CHAPTER 2

BACKGROUND AND RELATED WORK

This proposed dissertation is about a framework that describes how to use creativity
workshops in visualization design studies. This chapter focuses on work related to cre-
ativity in this context. It summarizes theoretical creativity research, including definitions,
models, and research methods. Next, it describes the origin and evolution of creativity

workshops from problem solving to software engineering and visualization.

2.1 Creativity Research

Creativity research spans many domains, including philosophy [5,26,63], psychol-
ogy [34,62,72], the arts [11,13,71], business [12,61,80], and computer science [5,27,76].
Across these domains, researchers agree that creativity is generating ideas that are new
and useful, where both new and useful can be defined relative to an individual, to a group
of people, or to all of humanity [52].

The creativity in visualization design studies involves all of the project stakeholders
working together to create a new and useful understanding of a domain problem, to
propose new and useful visualization solutions for that problem, and to perform new and
useful evaluations of those solutions [74].

Both individuals and groups can be creative [71]. Individual creativity refers to a
single creator [72]. Although individual creators often communicate with others, this
communication may be used selectively [72]. In contrast, group creativity emerges from
direct interactions between group members [71]. It is synergistic as the group creates ideas
beyond what its members could do on their own. Individual and group creativity are
complementary as group creativity often relies on the creativity of its individual members.

We are interested in group creativity as visualization design involves the project stake-
holders creating ideas beyond what they could do on their own [20]. In other words,

creativity workshops are about harnessing group creativity for visualization design.
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There is extensive research on individual and group creativity spanning many do-
mains. Next, we summarize common creativity models and research approaches that
may be relevant to visualization creativity workshops. For a more complete overview of
creativity research please refer to summaries of this field, including works by Sawyer [71,

72], Sternberg [77], and Shneiderman [76].

Creativity Models

Creativity models provide a useful vocabulary, yet they oversimplify human thought
[72]. The four stage model describes a linear process of creativity [26,63,83], though in
reality it is more likely a cyclical and iterative process [72]. First, creators prepare, learning
domain concepts. Second, they incubate ideas, forming new mental associations. Third,
they have an insight, generating a new idea. Finally, they verify the idea, expressing and
elaborating it.

By expressing an idea, creators start a feedback loop where their actions change the
environment, and this, in turn, changes their idea. For example, an artist’s idea for a
painting evolves as they see the impact of their paint on a canvas [19]. The action theory
of creativity emphasizes the importance of this feedback loop [72].

The four stage model and action theory emphasize that creativity involves both thinking
and doing, often through many interconnected cycles of ideation and expression. These
models straddle philosophy and cognitive psychology as they distill human thought and
interaction into simplified processes [72]. They are supported by various creativity re-

search methods, described next.

Research Methods

The research methods most relevant to this proposed dissertation study creativity in
the context where it occurs — the real world, outside of controlled laboratory settings [52].
Although these contextual creativity approaches are criticized because they lack experi-
mental control, they are ecologically valid and supported by a broad base of qualitative
and quantitative data [52].

There are three broad types of contextual creativity research. Biographical researchers
study creative individuals, often with interviews and observations [11]. Organizational

researchers study creativity in large groups, such as businesses [15]. This includes quan-
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titative surveys to identify shared traits of creative organizations [30] and analyzing how
leaders can foster creativity in their organization [2]. Creativity support researchers syn-
thesize the results of biographical, organizational, and other research, to understand how
software can foster creativity, and make recommendations for software designers [76].

There are many other approaches to studying creativity that are not necessarily relevant
to this proposed dissertation. The quantitative study of creativity — such as measuring
a group’s creative output in a laboratory — often lacks ecological validity and must be
synthesized with contextual approaches to generate useful insight [72]. Additionally, bi-
ological [51] and individual personalty methods [62] attempt to explain creativity as an
inherit feature of individuals, but have generally been unsuccessful [72]. Historical [1] and
cultural creativity research [43] explains the change of our socio-cultural perspective of
creativity over time. They show that the notion of creativity is a relatively new concept,
having evolved in the mid-twentieth century.

From all these approaches to studying creativity, there is a general consensus on how
creativity occurs [52]. More specifically, creativity results from hard work, open commu-
nication, and many series of small but interconnected insights [72]. The best practices for
fostering creativity, however, have changed over time. This can be seen in the evolution of
applied creativity research, spanning the domains of problem solving, software engineer-

ing, and visualization.

2.2 Creativity for Problem Solving

The idea of harnessing creativity methods for problem solving started in the fields of
business, advertising, and engineering [61]. These methods are based largely on analyzing
personal experience, a form of contextual creativity research.

Explicitly using creativity to solve problems was first proposed by Osborn [61], where
he coined the term brainstorming with a militaristic definition of “using the brain to storm
a creative problem - and to do so in a commando fashion, with each stormer audaciously attacking
the same objective.” Effective brainstorming is the freewheeling generation of as many ideas
as possible, followed by evaluation to identify the most promising ones. The Creative
Problem Solving Group formalized these principles into a repeatable process that is used

by consulting firms today [30].
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Related to brainstorming is Synectics, which encourages problem solving through struc-
tured workshops consisting of three phases [22]. First, workshop participants explore
a given problem, often in terms of needs or wishes. Next, participant use the ideas as
springboards for in-depth discussion and elaboration. Third, participants evaluate the ideas
and execute the more promising ones. The Synectics methodology has been adopted by
various consulting and training companies [60].

Many consultants have also written books about their experience using creativity for
problem solving, often in business settings. de Bono [12] emphasizes ideation through
suspending judgment and restructuring ideas. Similarly, von Oech [80, 81] encourages
creators to gain new perspectives on their problems with structured methods. Miller [56]
proposes that creators should balance analytic methods, such as listing assumptions, with
intuitive methods,such as brainstorming.

Many aspects of creativity for problem solving are still in use today, such as suspend-
ing judgment [61], encouraging the use of metaphors and analogies [22], and promoting
reflection [12]. However, on their own these methods are not immediately applicable to
visualization design. They assume the workshop participants have sufficient knowledge
to reach a valid solution whereas visualization designers recognize that they must estab-
lish shared knowledge of visualization and their collaborator’s domain for a successful

project [84].

2.3 Creativity Workshops in Software Engineering

Software requirements engineers translate the specialized knowledge of project stake-
holders into concrete requirements. This is a creative process as the engineers must create
requirements that define useful software [67]. In some projects, engineers use creativity
workshops to elicit needs from project stakeholders [32]. These workshops range in dura-
tion from 0.5 to 2 days, involve 8 to 24 participants, and typically output hundreds of ideas
about software requirements [33].

The creative problem solving literature provides a foundation for creativity workshops
in this domain. Maiden et al. [48] reported the first creativity workshop in software en-
gineering. It was a two day workshop to create requirements for aircraft scheduling soft-

ware, using methods to encourage analogical thinking — similar to Synectics [22]. Another
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two day workshop run by Maiden et al. [49] used repeated cycles of divergent and conver-
gent thinking — similar to Creative Problem Solving [61] — to understand requirements
for airspace management software. Similarly, Jones et al. [33] used a creativity workshop
to create requirements for e-learning software also following a diverge-converge pattern.

Creativity research in software engineering also examines the theory behind work-
shops. Mahaux et al. [44, 46] describe and validate a set of factors that influence creativity
in groups of software engineers, but this work falls short of prescribing best practices for
fostering creativity. Recently, Maiden et al. [47] mapped the use of creativity requirements
workshops to those of creative problem solving to identify areas for future work.

There has also been work to analyze the creativity methods for requirements engineer-
ing. Horkoff et al. [29] categorize methods by the structure of their output, arguing that
more structured output is effective for engineers. Biskjaer et al. [4] propose a framework
for analyzing creativity methods based on certain attributes, including their structure and
their use of divergent or convergent thinking. And Grube et al [24] categorize methods
based on where they should be used in the design process. While these works provide
important classification of creativity methods, they do not address the challenges of as-
sembling creativity methods into a coherent workshop.

Moreover, research in software engineering does not immediately apply to visualiza-
tion design. In this domain, creativity workshops are often part of larger requirements
engineering methodologies [32]. Their outputs are used to generate formal requirements
for software developers [50]. In contrast, visualization software requirements are often ill

defined [74] and evolve throughout the project [53].

2.4 Creativity Workshops for Visualization
Visualization is generally seen as a creative problem, where creativity is needed to
explore a broad space of ideas before winnowing down to the more promising ones [54, 58,
74]. The explicit use of creativity methods in visualization design evolved independently
but in parallel to their use in software engineering.
In visualization, creativity methods and workshops were first described as part of
design studies. Dykes et al. [16] used a full day workshop to understand the visualiza-

tion needs of geographic information systems analysts. Walker et al. [82] used a similar
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workshop to quickly understand the needs of defense analysts. Kerzner et al. [36] used
creativity methods to engage analysts and their managers in a large organization. These
projects did not describe their work as creativity methods or workshops, but in retrospect
these are early examples of explicitly fostering creativity for visualization design.

Goodwin et al. [20] introduced the term creativity workshop to visualization. They cus-
tomized software engineering creativity workshops for a design study with energy ana-
lysts. Kerzner et al. [37] applied the same workshop structure to understand the needs of
neuroscientists. Recently, Goodwin et al. [21] again used a similar workshop structure to
understand the needs of constraint programmers.

Different creativity workshop structures have also been used in visualization research.
Nobre et al [59] used a two hour workshop to understand how genealogists could use their
visualization software. Lisle et al. [41] used a two day creativity workshop to find oppor-
tunities for a collaboration between visualization designers and evolutionary biologists.
Rogers et al. [68] brought together visualization designers to explore potential solutions to
specific problems in the domains of civil engineering and oceanography.

Despite these repeated success, understanding how to use creativity workshops re-
quires that designers must piece together disparate information from the literature of visu-
alization, software engineering, problem solving, and psychology. There are no guidelines
nor best practices for applying creativity workshops to visualization design. This proposed
dissertation will identify such best practices, based on the analysis of every visualization
project mentioned in this section. Before proposing the framework, we present our com-

pleted formative work that used creativity methods and workshops in two design studies.



CHAPTER 3

COMPLETED FORMATIVE WORK: VISUAL
VULNERABILITY ANALYSIS

The first design study of this proposed dissertation is a 15-month remote collaboration
with defense analysts at the U.S. Army Research Laboratory. They were were trying
to improve the safety of military vehicles using ballistic simulations to understand how
vehicles may be vulnerable. Based on their findings, they would recommend changes
to vehicle design. We worked with three analysts to understand how they used ballistic
simulation results and we created a visualization tool to support their analysis.

This design study is a formative project of this proposed dissertation as we used cre-
ativity methods to understand our collaborators’” needs given limited time to meet in
person. The creativity methods revealed visualization needs at a high level of abstraction
that we investigated in more detail using contextual inquiry. This project also provides
qualitative data to support the proposed creativity workshop framework.

In this chapter we describe the project’s contributions, summarize the resulting visual-

ization tool, reflect on our use of creativity methods, and list the project’s publications.

3.1 Contributions

This design study had three primary contributions: 1) a problem characterization, data
abstraction, and task analysis for the domain of vulnerability analysis; 2) ShotViewer,
a validated software prototype for visual vulnerability analysis; and 3) a reflection on
creativity methods that will be part of this proposed dissertation’s visualization creativity
workshop framework.

It also had three secondary contributions: 1) a strategy for exploiting view-design par-
allelism while creating multiview visualizations based on a reflection of our work; 2) four
recommendations for conducting design studies in large organizations with sensitive data;

and 3) an algorithm that increased the computational efficiency of the ballistic simulations.
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In the next section, we briefly describe the primary contributions. Please see the publi-

cations at the end of this chapter for more details about all of the contributions.

3.2 ShotViewer: Visualizing Ballistic Simulations

We worked with analysts who were trying to understand the results of ballistic sim-
ulation software. The simulations are best explained by looking at its origins: an optical
ray tracer [8]. Ray tracers compute photon paths through an environment, shade surfaces
using physically-based lighting models, and output pixel color based on primary visibility
rays. Ballistic simulations replace photons with shots, a projectile being simulated, com-
pute energy transfer using physically-based penetration models, and simulate the shot’s
impact on vehicle functionality using fault trees [78]. Historically, the simulations output
statistical summaries such as the total vulnerable area of a vehicle, but these summaries
have a nebulous definition that make it almost impossible to reason about why a vehicle
may be vulnerable [25].

The goal of this work was to create tools that visualize the rich and descriptive sim-
ulation data to supplement the numerical summary values. Through creativity methods
and contextual inquiry, we discovered that analysts needed to compare the simulations of
a few shots simultaneously to explain trends and outliers in their data. Comparing shots
was difficult, however, as it required the analysts to mentally combine three disparate
datatypes: the physically-based penetration models, the 3D vehicle geometry, and fault
trees — abstract relationships between vehicle components representing its capabilities.

We developed ShotViewer to support analysis of this multityped data. ShotViewer,
shown in Figure 3.1, displays shots with three linked, multiform views. The Shotline View
(Figure 3.1a) displays the outputs of penetration models using a 2D parametrization of
the shots. The Geometry View (Figure 3.1b) displays the 3D context of shots along with
a subset of vehicle geometry. And the System View (Figure 3.1c) displays the impact of
shots on the vehicle’s components. Please see the publications at the end of this chapter
for detailed descriptions of these views and a case study where ShotViewer was used to

reason about vehicle vulnerability.
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3.3 Creativity Method Reflection

We used creativity methods to navigate the challenges of working remotely with ana-
lysts who were part of a large and highly secure organization. There were organizational
challenges as we had to excite analysts” managers because they were the organization’s
gatekeepers [74]. There were interpersonal challenges as we tried to establish rapport with
analysts given limited time to meet in person. And there were the standard intellectual
challenges of finding an interesting visualization problem.

At the project’s start we spent one week at our collaborator’s offices where we used cre-
ativity methods in three half-day meetings with analysts and managers from various parts
of the organization. The methods consisted of visualization awareness presentations [42]
followed by brainstorming [61]. We used visualization awareness to show our collabo-
rators the potential applications of visualization. We used brainstorming to understand
what our collaborators saw as their most pressing challenges.

We engaged our collaborators with visualization awareness presentations. For exam-
ple, when we presented a system for visualizing spatial and non-spatial biomechanical
data developed by Keefe et al. [35], our collaborators saw the potential usefulness of a
linked multiview system. A manager said that he wanted a similar system to explain
ballistic simulation results as he said “[the data behind simulations] is intelligible to only a few
people and making sense of it is labor intensive.”

Brainstorming helped us to discover the labor intensive parts of this analysis. All of
the analysts had slightly different workflows and goals, but they used the same simulation
software. During the brainstorming, all of the analysts had ideas about how visualization
could help them reason about their combined spatial and non-spatial simulation input and
output. This became the focus of our design study:.

We investigated their analysis in detail using contextual inquiry [28]. The analysts and
their managers were engaged with the contextual inquiry due, in part, to the creativity
methods. After the contextual inquiry, we ultimately built ShotViewer to support the

analysis of spatial and non-spatial ballistic simulation data.
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3.4 Conclusion and Publications

In this design study, we used creativity methods to understand the needs of analysts in
a large and highly secure organization. We then created and validated ShotViewer, a tool
for visualizing multityped ballistic simulation data.

This is a formative project of our proposed dissertation for two reasons. First, this
project demonstrates that creativity methods and traditional contextual inquiry are com-
plementary — creativity methods provide an overview of domain challenges while con-
textual inquiry provides details about specific challenges. Second, it provides qualitative
data to support the proposed creativity workshop framework.

This project resulted in two publications. These papers will form this chapter in the

proposed dissertation:

e design study in Computer Graphics Forum, presented at EuroVis 2015 [36]

e graphics algorithm in the Journal of Computer Graphics Techniques [23]
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Figure 3.1. Shotviewer, software that supports visual analysis of spatial and nonspatial
ballistic simulation data for vulnerability analysis. It consists of three linked views: a) the
Shotline View displays an abstract representation of shots’ paths through a vehicle; b) the
Geometry View shows shots” 3D spatial context; and c) the System View visualizes the
propagation of damage through a vehicle’s systems. In this example, the green shot dam-
ages the vehicle’s radio which impacts the vehicle’s mobility and firepower capabilities.



CHAPTER 4

COMPLETED FORMATIVE WORK:
CONNECTOME VISUALIZATION

The second design study of this proposed dissertation is a two year collaboration with
neuroscientists who were trying to reverse engineer the retina at a cellular level. They were
part of an academic laboratory at the Moran Eye Center, University of Utah. They worked
on descriptive science but their long term goals were to understand neurodegenerative
diseases and to create therapies for those diseases [3]. We used a creativity workshop
early in the project to learn how visualization could help their analysis. Based on this
workshop’s results, we focused on analyzing connectivity in large multivariate graphs —
our collaborators needed to analyze connectivity in a connectome, a graph of neurons
(nodes) connected by synapses (edges). To support their analysis, we created two new
visualization techniques and realized those techniques in a prototype visualization tool.

This design study is a formative project of this proposed dissertation as it provides
important practical experience using a creativity workshop. From this experience we
started meeting with other visualization researchers to identify best practices for future
creativity workshops. The anticipated creativity workshop framework resulted from those
conversations.

In the remainder of this chapter, we discuss this project’s contributions, summarize the
novel visualization techniques, reflect on the creativity workshop, and list the resulting

publications.

4.1 Contributions
This project had five contributions: 1) a set of five requirements for visualization soft-
ware to support connectivity analysis; 2) two new visualization techniques that summa-
rize graph connectivity — the connectivity matrix and the intermediate node table; 3) a

prototype open source implementation of those techniques called Graffinity; 4) a reflection
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on the use of creativity workshops that inspired this proposed dissertation; and 5) the
validation of our tools as they were used to discover new circuitry between cells in the
retina [39].

In the next section, we briefly describe contributions #2 and #3. Please see the publica-

tions at this chapter’s end for more details about all of the contributions.

4.2 Graffinity: Visualizing Connectivity in Large Graphs

We focused on supporting connectivity analysis, reasoning about the direct and indi-
rect connections between nodes, based on paths, and potentially considering node and
edge attributes [40]. For example, consider a large graph of airports (nodes) connected
by flights (edges). An analyst may be interested in how the airports of two regions are
connected, allowing for one or more layovers and accounting for attributes such as flight
delay. Similarly, our collaborators wanted to understand how different sets of cells were
connected by paths accounting for attributes such as cell type or synapse weight.

Standard graph visualization techniques are not effective for connectivity analysis in
large graphs. Node-link diagrams are helpful in judging connectivity but they degenerate
to hairballs beyond about 50 nodes [76]. Adjacency matrices also do not scale to large
graphs and are only suitable to judge direct connections between nodes as they require
tedious manual indirection between rows and columns to follow paths [18].

A key approach to realize scalable graph visualization are queries: instead of dis-
playing the whole graph, only a relevant subset is shown. Query-based techniques for
analyzing connectivity in graphs, however, can also easily suffer from cluttering if the
query result is big enough.

We proposed two new query-based visualization techniques that provide a scalable
overview of graph connectivity without the need for manual tracing or indirection: the
connectivity matrix and the intermediate node table. The connectivity matrix is an adja-
cency matrix generalized to show path connectivity. It summarizes paths based on their
starting and ending nodes. The intermediate node table reveals information about the
middle nodes that is hidden by the connectivity matrix. These two techniques provide a
scalable overview of connectivity as seen in the prototype implementation of Graffinity,

shown in Figure 4.1. Please see our paper [37] for a full description of these techniques,
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example usage with a flight dataset, and validating case studies in connectomics analysis.

4.3 Creativity Workshop Reflection

We started this collaboration with unstructured interviews and contextual inquiry [28]
to understand our collaborator’s analysis needs, but we found three limitations with these
methods. First, we identified seemingly disparate needs as each analyst was interested in
specific research questions. This is a common intellectual challenge when working in large
organizations with specialized analysts [73]. Second, we were not able to meet with senior
analysts — e.g., professors — because they delegated our meetings to junior analysts —
e.g., post docs and graduate students. Third, we faced interpersonal challenges as some
analysts were not necessarily engaged in our collaboration. We struggled to understand
our collaborator’s analysis needs due to these challenges.

We decided to use a creativity workshop to identify the shared needs of our collabora-
tors. At first, we considered an unstructured meeting with analysts, but we did not know
enough about the domain to plan one effectively. Instead, we ran a creativity workshop
with eight of our collaborators, following the structure described by Goodwin et al. [20].
Its methods followed a diverge-converge pattern to explore a broad range of ideas and
then to winnow the ideas and focus on the more interesting ones.

The workshop exposed shared analysis needs of our collaborators. In feedback on
the workshop, the director of our collaborator’s organization said “the structured meeting
created consensus by exposing shared user needs.” We discovered that many analysts needed
software to support reasoning about connectivity. The workshop also helped establish
rapport and trust with our collaborators, as the director said the workshop’s “interpersonal
leveling and intense re-visiting of concepts made more team progress in a day than we make in
a year of lab meetings.” Similarly, we estimated that the one day workshop produced data

equivalent to six months worth of interviews and contextual inquiry.

4.4 Conclusion and Publications
In this design study, we proposed a set of requirements for connectivity analysis in
large multivariate graphs. We created two new techniques to fulfill those requirements

and implemented those techniques in a prototype tool called Graffinity. We validated
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Graffinity with case studies analyzing connectomics data.

This design study is a formative project of this proposed dissertation for two reasons.
First, in our reflection on the workshop, we started working with six visualization re-
searchers to find best practices for using creativity workshops in visualization design.
Second, our use of a creativity workshop provides qualitative data for our proposed frame-
work.

This chapter will be formed from the following publications in the final dissertation:

e technique paper in Computer Graphics Forum, presented at EuroVis 2017 [37]

e results paper in the Journal of Comparative Neurology [39]



21

Graffinity

Flight Query Connectivity Matrix Int. Node Table NodeLink  Path List

+
w num paths
Maxlen 3 - g 2.y +umP ) 8;% )
> = @ $.3 E2 100 43y airport Path List
£ EBu5e3Bese —* AL pEn
— MN (state) ] IA (state) 5553325 % —e— DEN HEE Paths Len Freq
al CHOOEZAA2 —*—1 vsP NEE
D (state) [ D (state) e las ] > S8 4 7
e —*—— sic Bl
f xsSegooso > [(FSD_}-{_msP SLC PDX 4 32
VI OR (state) | WA (state) 3 O==0=00=0 —— pix a = : P
re—
Show cypher Submit . ’\gléx‘/ [ =I -
dogiee oty state 8538376535 o i« m=eg
L ) g 2
Connectivity Matrix Controls + %9 Yy 5 . ;EZ ..=
™ airpo
1o ro% . — Dep: 503 Dep: 923
Aggregate rows  none - Minneapolis ~ MN vMSP  EEEE . ORD  CHE Arrp556 A"P”m
* 1 Des Moines 1A DsM  Eig DFw  @EE
A —— Fargo ND [ZGR [ 138 pain(s) .' SAN as > DL-23667 DL-22859
ggregate cols  none hd ®— 1 Sioux Falls sD FSD 6 middle node(s) LGA ] > DL-23667 DL-22584
i ——— ar a
f— BismarckMa  ND CER 1l 3 carrier(s) e wo @ ) DLosse? L2239
Sort order optimal leaf - Duluth MN DH W
1 Williston ND 1SN : (S;XE \= > DL-23667 DL-22194
* Hibbing MN HIB > DL-23667 DL-21271
Metric path count hd 1 Aberdeen sp ABR o Px [ ]
MIA H > DL-23667 DL-20752
#—— Brainerd MN BRD N H
Encoding colormap - 1 Bemidji Mgl SJ[; h— o - > DL-23667 DL-20459
g Dickinson NI I
seal ‘ &———GrandForks  ND GFK e ';S)"SV =‘ > WESEH-{NDENE-EEDX s 8
cale o -
g e gz:;sr ;aake‘ ND DVL ANG ] >(FSD }{MSP }-{ JFK }{PDX | 4 1
o pide 1A cib * e
Int. Node Table Controls ’ Jamestoan  ND ms ——  mke =
1 Minot ND MoT e an
—— sD RAP &
Aggregate rows  none - Rapid City [ ] - en H
*—— oA ®|
-—
Metric path count - node-to-node path count - - ga}: =
Encoding colomma, . T4 20 95 43 2008 9104 M ST as
P node path count
Scale log A4 1 3 14 57 219 846 3257

Figure 4.1. Graffinity visualizing 11727 flight paths with length < 3 connecting states in
the mid-western USA (Minnesota, lowa, North Dakota and South Dakota) to states in the
Pacific Northwest (Oregon and Washington). Graffinity consists of five views: the query
interface, the connectivity matrix, the intermediate node table, and two views showing
details about selected paths: the path list and the node-link view. The 138 paths connecting
the airport FSD (Sioux Falls, SD) to PDX (Portland, OR) are selected and displayed in the
path list view.



CHAPTER 5

PROPOSED WORK: VISUALIZATION
CREATIVITY WORKSHOPS

The previous two chapters described design studies where we used creativity methods
and workshops ad hoc. We ran them based on descriptions in the literature — in retrospect,
we did not understand why creativity is important, how to tailor creativity methods to
fulfill our goals, nor the best practices for encouraging creativity. This is because there are
currently no established guidelines or frameworks that describe how to use visualization
creativity workshops. To explain the theory behind creativity workshops and to provide
practical recommendations based on our experiences, we propose creating an actionable
visualization creativity workshop framework grounded in theory.

In this chapter, we describe the research methods and data that we will use to create the
framework. We outline the framework with set of 36 open questions. And we describe the
project’s remaining work. The anticipated outcome is a publication in IEEE Transactions

on Visualization and Computer Graphics (IEEE TVCG).

5.1 Data and Methods

The proposed framework will be based in the analysis of creativity methods and work-
shops in a variety of projects. We are working with six creativity and visualization re-
searchers who have also used creativity methods and workshops. Collectively with our
collaborators, we have run more than 15 creativity workshops in a variety of domains
and settings [14, 16,20, 21,29, 31, 33, 36-38, 41, 48, 50,59, 68, 82]. We gathered data from a
subset of these workshops including the materials, agendas, artifacts, output, and impact
on the project’s final result. Analyzing these data will provide a practical foundation for
our proposed framework.

The framework will also be grounded in creativity theory. We have reviewed literature

related to creativity workshops in the fields of psychology [11,17, 34,71, 72], problem solv-
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ing [10,12,22,55, 56, 61], and software engineering [14, 31, 33, 45, 46,48-50, 57,69, 70, 75].
We will create the framework through the qualitative analysis of data gathered from
our experiences and our literature review. We will apply thematic analysis to identify
overarching themes in our data [7]. But we also have tacit knowledge about creativity
workshops that is not in the data. To capture this knowledge, we will use reflection,
analyzing our experiences and proposing new insights based on that analysis [6]. More
specifically, we will use collaborative reflection, analyzing many individuals” collective
experience and articulating the insights of this analysis for future reference [65]. We may
also use qualitative analysis methods including open coding and grounded theory [9].
Through this analysis, we will create a framework that describes how and why to use
creativity workshops in visualization design. As we have already started this analysis, we

outline the framework in the next section.

5.2 Visualization Creativity Workshop Framework

The visualization creativity workshop framework consists of six stages that are based
roughly on the steps that a designer would use in planning, running, and evaluating a
workshop. The stages are: 1) motivate the use of creativity workshops; 2) scope the work-
shop focus and goals; 3) plan the workshop methods and logistics; 4) run the workshop;
5) analyze the workshop output; and 6) reflect on the workshop efficacy. For each of these
stages, we describe its purpose, input, output, and a list of open questions that will need
to be answered in our final framework.

These stages are an abstraction of a complex and messy process. They provide temporal
constructs to organization the discussion of our experiences with creativity workshops.
The remainder of this section outlines the six stages, followed by some general discussion

questions that will need to be addressed in our publication.

Motivate
The motivate phase is precondition to using creativity workshops. It is meant to con-
vince designers that workshops are useful for design studies. The questions that a designer

may have about this include:

1. Why should I use a workshop? (Aren’t interviews good enough?)
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2. Why should my workshop be structured? (Can I just meet informally with my collaborators?)
3. What exactly does creativity mean in this context?
4. Why is it important that the workshops emphasize creativity?

5. Why do I need a visualization creativity workshop framework? (Isn’t the existing literature
good enough? What are the nuances of visualization design that I need to account for in my

workshop?)

Scope
In the scope phase, we evaluate whether a workshop would be useful for a design
study. Input to this phase is a design study with domain experts. Outputs from it include
a workshop focus (what role it will serve in the design process e.g., to understand or to

ideate [54]) and goals (the stated reason for running the workshop). A designer may ask:

1. Where is a good point in the design process to run a workshop? (Focus)
2. How much contextual knowledge do I need to run a workshop?
3. What can my collaborators and I expect to get from a workshop? (Goals)

4. Are my project constraints amenable to a workshop?

Plan
In the plan phase, we assemble a workshop that fulfills the goals and focus while
recruiting contributors. Input to this phase is a workshop scope — the focus and goals.
Output from it are a list of contributors (including facilitators, scribes, and participants),
logistics (such as venue and duration), and methods (the activities planned for the work-

shop). The open questions are:
1. Who should I recruit as contributors?
2. What should I consider in my logistics — venue and duration?
3. What are the different kinds of methods available for workshops?

4. How should I select methods to use in the workshop?
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5. How should I consider the four stage model of creativity while planning my workshop?
6. How should I consider the action theory of creativity while planning my workshop?

7. Should I run a pilot workshop?

Run
In the run phase, we execute the workshop and collect artifacts from it. Input to this
phase is a workshop plan, including the contributors, logistics and methods. Output is
a successfully executed workshop along with tangible and intangible results. A designer

may ask:

1. How should I prepare workshop contributors? (e.g., surveys of participants)
2. What are best practices for running the workshop?
3. How should I record ideas during the workshop?

4. How should I collect artifacts from the workshop?

Analyze
In the analyze phase, we make sense of the tangible and intangible workshop results.
Input to this phase are the results of a workshop that has recently been run. Output is

actionable knowledge that fulfills the workshop focus and goals. The open questions are:

1. What does the typical workshop output look like?

2. What are the different ways that I can make sense of workshop output?
3. How involved should workshop contributors be in analyzing the output?
4. How can I use workshop output in generative design methods?

5. How can I use workshop output in evaluative design methods?

Reflect
In the reflect phase, we evaluate the efficacy of the workshop. Input to this phase are the
scope, plan, execution and analysis. Output are insights for the visualization community,

potentially transferable to future design studies. The open questions are:
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1. How should I collect feedback from workshop contributors?

2. How should I evaluate the workshop with respect to the scope and plan?

3. When and how should I evaluate workshop effectiveness?

4. What is the role of quantitative/qualitative evaluation methods in our reflection?

5. What should I share about my workshop and reflection with the visualization community?

Discussion
There are also interesting questions about creativity workshops that do not fit into the
process of using them. These questions will be addressed in the discussion of our proposed

work:
1. What are the limitations of using creativity workshops?
2. How effective are creativity workshops with casual or non-expert users?

3. What is the relationship between visualization creativity workshops, participatory design,

and co-design?
4. What is the relationship between visualization creativity workshops and agile development?

5. How do visualization creativity workshops apply to other areas of visualization research, such

as technique or algorithm-driven work?

6. How can we validate the creativity workshop framework?

5.3 Anticipated Publications and Remaining Work

The remaining work of this project will expand this outline into a full framework for
publication in IEEE TVCG. Writing this framework is an important part of our analysis as
we will be forced to articulate our assumptions and ideas [66]. We will also use the writing
as a medium for collaborative reflection as we ask our collaborators to either support
or refute what we have written. Through this writing, we will explicate our framework
and identify best practices (or pitfalls) for applying creativity workshops to visualization
design studies. The next chapter describes a more detailed timeline of the remaining work

for this publication.



CHAPTER 6

TIMELINE

This chapter provides a timeline of the work for this proposed dissertation. It starts
with an overview timeline, summarizing the completed formative work and remaining
work on the creativity workshop framework. It concludes with a detailed timeline of the

proposed remaining project.

6.1 Overview
This proposed dissertation consists of three projects, two formative design studies
followed by the creation of a theoretical framework. We ran the design studies over four
years and have been working on the creativity workshop framework for the last two years
in parallel with a design study. Here, we briefly describe each project, summarize the role
of creativity methods and workshops in it, and list the resulting publications (first author

publications are in bold).

¥f Visual vulnerability analysis, Sep-2013 — Dec-"14 (1.5 years) — a design study with

defense analysts who were trying to understand the results of ballistic simulations.

e Creativity methods identified shared analysis needs and overcame challenges

of working remotely with analysts in a highly secure and large organization

e Publications: design study in Computer Graphics Forum, EuroVis 2015 [36];
and algorithm in the Journal of Computer Graphics Techniques [23]

¥ Connectome visualization, May-"15 — Dec-"16 (1.5 years) — a design study with neu-

roscientists who were analyzing the circuitry of cells in the retina.

o A creativity workshop established trust, fostered engagement, and exposed shared

needs among diverse neuroscientists
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e Publications: application/technique in Computer Graphics Forum, EuroVis

2017 [37]; and biology results in the Journal of Comparative Neurology [39]

U Visualization creativity workshop framework, Jun-"15 — present (2+ years) — an ac-

tionable framework that provides theoretical and practical guidance on how to use

creativity workshops in design studies.

e Analysis of creativity workshops in visualization design, based partly on cre-

ativity methods and workshops in the two aforementioned design studies.

e Anticipated publication: theory paper submitted to IEEE Transactions of Vi-
sualization and Computer Graphics (IEEE TVCG)

A majority of the remaining work involves writing the creativity workshop paper,

which we describe in detail next.

6.2 Remaining Work
We outlined the creativity workshop framework in chapter 5 based on over two years
of informal discussions and qualitative data analysis. Here is a detailed timeline of the

completed work and proposed remaining work for this project.

¥f Jun-"15 — Jan-"17 (1.5 years) — Discussed creativity workshops with collaborators in-

formally. Attempted to write two papers on the topic, but ultimately decided that

the papers were not yet ready for submission.

¥ Jan-"17 — May-"17 (4 months) — Created the current seven stage framework based on

in-depth analysis of three workshops and an extensive literature review.

] 6-Jun-"17 — 8-Jun-"17 (2 days, on-site in London) — Met with collaborators, agreed on

the seven stage framework as a foundation for our paper and outlined answers to

questions in chapter 5.

O 8-Jun-"17 — 15-Aug-"17 (2 months) — Draft answers to the questions outlined in chap-

ter 5 based on qualitative analysis of workshop data and collaborative reflection.

Write a draft of the paper based on these answers.
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U 15-Aug-"17 — 1-Sep-"17 (2 weeks) — Seek external feedback on the paper and frame-

work from other researchers!. Revise the framework based on this feedback.

O 1-Sep-"17 — 30-Sep-"17 (1 month) — Write the final paper and submit to IEEE TVCG.

Following the paper submission, we will expand this proposal into a dissertation.
Allowing for time to write and edit this dissertation, we hope to defend it by the end

of the fall semester, 2017.

[redacted]
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