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Design spaces: Continuing theme
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Fig. 1. Overview of design space of experimental methods. We present a four component design space to guide researchers in
ﬁ\f the field creating visualization studies grounded in vision science research methods.

Design spaces: What are they?

impose systematic structure on set of possibilities for specific
problem

—to capture the key variables at play

—to support reasoning about design choices

delineate
—cross-cutting / independent / orthogonal
—axes / dimensions / categories

many names
—design spaces, taxonomies, typologies, classifications, frameworks, models, ...
—space within which to express design patterns [Javed/Elmgqvist]

Design spaces: What are they for?

* describe and analyze portions of design space to

understand differences among designs & suggest new possibilities
[Card & Mackinlay 1997]

* design spaces provide an actionable structure for systematically
reasoning about solutions [Eliott et af 2020]

* taxonomies increase cognitive efficiency & support inferences
[Ralph.Toward Methodological Guidelines for Process Theories & Taxonomies in Software Engineering.
IEEE TSE 2020]

—by grouping similar instances together to facilitate reasoning about classes
rather than instances

Design spaces: How to assess!?

* Michel Beaudoin-Lafon, Designing Interaction, not Interfaces. AVl 2004.

—descriptive power: ability to describe significant range of existing examples

—evaluative power: ability to help assess multiple design alternatives

—generative power: ability to help designers create new designs

Design spaces: How to create?

open coding source material
—grounded theory / thematic analysis / qualitative analysis

literature review

—synthesize across existing theories, compare & contextualize

personal reflection
—reflective synthesis

complex combinations...

Design spaces: Multiple examples

* datatype: temporal, timeline visual encoding
* domain: genomic epidemiology, paper figure visual encoding
* domain: journalism, data wrangling activities

* domain agnostic: abstract tasks
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Combinations: Characterize narrative, perceptual
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Narrative point: present a ',' V'
sequence of events.
Perceptual task: arc
position judgments.
Comment: square aspect N
ratio. 2 )

V

Narrative point:
(approximately) compare
lengths of sequences
between facets.
Perceptual task: arc length
comparisons.

I

Narrative point: present a
sequence of events.
Perceptual task: area
judgment.

Comment: more compact
than radial-sequential-
unified timeline.

Narrative point: compare
chronology, duration,
periodicity of events over
months, weeks, days.
Perceptual task: count and
position judgments.
Comment: only supports

— consecutive events.

Viable combinations

* 20 out of 100
criteria

—purposeful
—interpretable

—generalizable

Process

create design space

—assemble source material corpus: 145 timeline visualizations & timeline tools

—open code group timelines together, select example for group, sketch alternatives

—result: 3-axis design space

analyze design space
—24 unique combinations (of 100) found in corpus
—20 we deemed viable

Assessment & adoption

* descriptive power
—validated coverage through checking | I8 additional timelines ("test set")
« all timelines can be described (263 total)
* 253 characterized as viable
* generative power
—implemented sandbox authoring software for 20 viable designs
* & transitions between them
—created designs for 28 representative datasets
* 7 full story videos
* adoption
—open sourced & distributed as Microsoft product

« free browser version at https://timelinestoryteller.com/
* free add-on for PowerBI
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A systematic method for surveying data
visualizations and a resulting genomic
epidemiology visualization typology:
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https://amcrisan.github.io/gevit

A systematic method for surveying data visualizations and a resulting genomic epidemiology visualization typology: GEVIT.
Crisan, Gardy, Munzner. Oxford Bioinformatics 35(10):1668-1676,2018.




Propose typology creation method: mixed qual and quant

» Analyzed research articles

» Some analyses are automated (

Analysis
Phase

) and others are manual ( =)

Visualization Analysis

Literature Analysis
Qualitative Analysis

Quantitative Analysis

Use method to develop typology in specific domain

» Developed a Genomic Epidemiology Visualization Typology (GEVIiT)

ﬂ Literature Analysis =, Visualization Analysis
Topic Clusters  Article Sampling Figure Extraction Iterative & Axial Coding
Sampling Strata Random stratified sampling Sample articles Development of GEVIiT
° ®E o
Chart Combination
Chart Enhancement

Domain prevalence design space

A General Method Overview
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Design space axis: Chart types used in genEpi
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Design space axis: Chart combinations of heterogeneous data
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Design space axis: Enhancement choices, atop base chart types
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GEViT example

Current Practice ~ >80% of all figures have some enhancement

GEVIT example

Visualization Breakdown

o Literature Analysis (why )
= Pathogen: Enterococcus faecium

Visualization Breakdown

oo | Literature Analysis (why )
= Pathogen: Enterococcus faecium

Visualization Analysis (how)

E Chart Tree (Rooted Phylogenetic Tree)
Type Category Stripe
Heatmap (Variation Profile)

Chart
Combination

Spatially Aligned (horizontal)

Tree cs Heatmap (Variation Profile)

Tree Chart Type Colour Chart Types
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GEVIT example

Visualization Breakdown

Literature Analysis (why )
= Pathogen: Enterococcus faecium

= R code Mark
Tree Branches

Visualization Analysis (how)

Chart Tree (Rooted Phylogenetic Tree)
Type Category Stripe

Heatmap (Variation Profile)
Chart Spatially Aligned (horizontal)
Combination
Chart Re-encode Tree — branches
Enhancement | Marks

Add Marks Tree - Connection

Marks
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Assessment

* descriptive power
—provided common language for describing data visualization in genEpi

—established gap: unmet tooling needs
* no existing tool handled full complexity of what people do manually

evaluative power

—revealed shortfalls in practices of some genEpi stakeholders
® eg overuse of text

* generative power

—validated in followup GEViTRec work

* build automatic recommender system using domain prevalence design space

GEViTRec:

Data Reconnaissance Through
Recommendation Using a Domain-Specific
Visualization Prevalence Design Space

https://github.com/amcrisan/GEVitRec

GEViTRec: Data R

Through

Using a Domain-Specifi

Crisan, Fisher, Gardy, Munzner. IEEE TVCG to appear, 2022.

Anamaria Crisan
@amcrisan

Shannah Fisher

Jenn Gardy
@jennifergardy

Design Space.

Data Wrangling

An Actionable Framework
for Multi-Table
Data Wrangling

From an Artifact Study of Computational Journalism

Steve
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An Actionable Framework for Multi-Table Data Wrangling From an Artifact Study of Computational Journalism.
Kasica, Berret, Munzner. IEEE TVCG 27(2):957-966 2021. (Proc. InfoVis 2020).
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...who show their work publicly

* lots of wrangling behind the scenes
enter the “nerd box”

—article sidebars or snippet
—provide / link 000

— public can scrutinize

—colleague can reproduce
The raw data and

BuzzFeed News  whero u.s. Refugees Come From — And Go — In Charts

Refugee Arrivals in U.S., 2005 - 2015

* methods, analysis materials 0000

N . 40.000

publish code/data to public repos

—hundreds on GitHub & Observable 200

editorial transparency e
0 2005 2006

2007 208 209 2010 201 212 213 014 2015
hars: BurFced News  Daza: Refugas Processing Conter

Note: All the refugee data in this post comes from the Department of

State's Refugee Processing Center, and cover through November 18, 2015.
data analysis can be found here.
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Process overview

Technical observation
What are the wrangling practices of
journalists with programming skills?

[ Repo selection ] [ Qualitative coding }

Which practices align with Licerature search

or diverge from
existing characterizations?

[ Term harmonization ] [ Gap discovery }

How to re-characterize wrangling to
match the observed practices?

Reflective Synthesis }

Taxonomies of data
wrangling in computational
journalism

Multi-table framework of data
wrangling
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Key finding: journalists use many, many tables

* workflow complexity varies greatly

* current interactive wrangling

applications do not scale well

* re-characterize wrangling design space
to match these observed practices

Two axes of multi-table wrangling design space

Two axes of multi-table wrangling design space

Object type

Table

Row Column




Two axes of multi-table wrangling design space

Multi-table data wrangling design space

 concise and actionable

Assessment: Cross-check
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Final design space: three axes

* why, what, how

Mapping terms

| — compare

compare [5, 31, 42, 50, 57, 66, 72, 73, 831* [40], compare (within a relation vs. across / between relations) [59, 78]*,
relation seeking [51%, read comparison [11]*, making comparisons [10]*, [76], discriminate [42]*, associate [57]*

Assessment & adoption

 descriptive power

—analyze & compare task sequences, clarify means and ends

: * generative power
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Summary: Multiple design spaces

Descriptive vs

Design Space Descriptive Power Generative Power o
software implementation of analysis to
timeline visual encoding validated against test set authoring system, used to characterize

create example gallery/videos  yiapie subset

software implementation of

vt A systematic method yields o same
genEpi visual encoding o automatic recommender g
comprehensive coverage (followup) (detailed)
. o, high [P, concise framework develop entirely
REnginglactviies gapsiidivergencetiound (followup implementation TBD) new framework
for domain
) . ) ) same
abstract tasks widespread adoption widespread adoption (concise)

Evaluative
Power

widespread
adoption

Design spaces: How to assess? Larger context: theory types

* Ben Shneiderman, Designing the User Interface: descriptive, explanatory, prescriptive, predictive
* Paul Ralph,
Toward Methodological Guidelines for Process Theories & Taxonomies in Software Engineering, IEEE TSE 2020
— theory types
* theories for understanding: organizing what is happening into useful categories (taxonomies)
* process theories: how something happens (often taxonomies++)
* variance theories: why something happens, causal relationships between constructs
— predictive
—relevant criteria for taxonomies
* yes: parsimony, transferability, theoretical saturation
* sometimes: utility, originality, resonance/believability, testability

* no: statistical generalizability, construct validity, internal validity, conclusion validity
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More information

* this talk
http://www.cs.ubc.ca/~tmm/talks.html#autodesk22

* book

http://www.cs.ubc.ca/~tmm/vadbook

« full courses, papers, videos, software, talks
http://www.cs.ubc.ca/group/infovis

http://www.cs.ubc.ca/~tmm

@tamaramunzner

Visualization
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Tamara M:

Visualization Analysis and Design. Munzner.
CRC Press, AK Peters Visudlization Series, 2014.




