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Tasks & Design



Problem-Driven vs Technique-
Driven

problem-driven

top-down approach

identify a problem encountered by users

design a solution to help users work more effectively
sometimes called a design study

technigue-driven
bottom-up approach

iInvent new visualization technigques or algorithms

classify or compare against other idioms and
algorithms
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A Nested Model for Visualization Design and Validation

Tamara Munzner, Member, IEEE

Abstract—We present a nested model for the visualization design and validation with four layers: characterize the task and data in
the vocabulary of the problem domain, abstract into operations and data types, design visual encoding and interaction techniques,
and create algorithms to execute techniques efficiently. The output from a level above is input to the level below, bringing attention to
the design challenge that an upstream error inevitably cascades to all downstream levels. This model provides prescriptive guidance
for determining appropriate evaluation approaches by identifying threats to validity unique to each level. We also provide three
recommendations motivated by this model: authors should distinguish between these levels when claiming contributions at more than
one of them, authors should explicitly state upstream assumptions at levels above the focus of a paper, and visualization venues

should accept more papers on domain characterization.

Index Terms—Models, frameworks, design, evaluation.

1 INTRODUCTION

Many visualization models have been proposed to guide the creation
and analysis of visualization systems [8, 7, 10], but they have not been
tightly coupled to the question of how to evaluate these systems. Simi-
larly, there has been significant previous work on evaluating visualiza-
tion [9, 33, 42]. However, most of it 1s structured as an enumeration
of methods with focus on how to carry them out, without prescriptive
advice for when to choose between them.

The impetus for this work was dissatisfaction with a flat list of eval-
uation methodologies in a recent paper on the process of writing vi-
sualization papers [29]. Although that previous work provides some
guidance for when to use which methods, it does not provide a full
framework to guide the decision or analysis process.

In this paper, we present a model that splits visualization design into
levels, with distinct evaluation methodologies suggested at each level
based on the threats to validity that occur at that level. The four levels
are: characterize the tasks and data in the vocabulary of the problem
domain, abstract into operations and data types, design visual encod-
ing and interaction techniques, and create algorithms to execute these
techniques efficiently. We conjecture that many past visualization de-

signers did carry out these steps, albeit implicitly or subconsciously,
and not nececcarily 1n that order Onr onal 11 malkino thece cteane Maore

systems, and compare our model to previous ones. We provide recom-
mendations motivated by this model, and conclude with a discussion
of limitations and future work.

2 NESTED MODEL

Figure 1 shows the nested four-level model for visualization design
and evaluation. The top level is to characterize the problems and data
of a particular domain, the next level is to map those into abstract op-
erations and data types, the third level is to design the visual encoding
and interaction to support those operations, and the innermost fourth
level is to create an algorithm to carry out that design automatically
and efficiently. The three inner levels are all instances of design prob-
lems, although it is a different problem at each level.

These levels are nested; the output from an upstream level above
is input to the downstream level below, as indicated by the arrows
in Figure 1. The challenge of this nesting is that an upstream error
inevitably cascades to all downstream levels. If a poor choice was
made in the abstraction stage, then even perfect visual encoding and
algorithm design will not create a visualization system that solves the
intended problem.



Purpose of the Nested Model

capture design decisions

what is the justification behind your design?

analyze aspects of the design process

broken apart into four different concerns

validate early & often

avoid making ineffective solutions



Nested Model for Visualization

Design

domain problem characterization ﬁ
data/operation abstraction design

encoding/interaction technique design )

algorithm design I

threat. wrong problem
validate: observe and interview target users

threat: bad data/operation abstraction

threat: ineffective encoding/interaction technique
validate: justify encoding/interaction design
threat: slow algorithm

validate: analyze computational complexity
Implement system
validate: measure system time/memory
validate: qualitative/quantitative result image analysis

[test on any users, informal usability study]

validate: lab study, measure human time/errors for operation
validate: test on target users, collect anecdotal evidence of utility
validate: field study, document human usage of deployed system

validate: observe adoption rates

Design

Threats &
Evaluation

Munzner 2009



Design Process

Understand _, Mapto ldentify Suitable
Domain Problem Abstract Task / Technique

Data Type & Other Factors



Characterization

details of an application domain

group of users, target domain, their questions, & their
data

varies wildly by domain

must be specific enough to continue with

cannot just ask people what they do

iIntrospection is hard!



Domain Problem Characterization

Infinite numbers of domain tasks
Can be broken down into simpler abstract tasks
We know how to address the abstract tasks!

ldentify task - data combination: solutions probably exist



Example: Find Good Movies

| want to identify good movies in genres | like.
Domain: general population, movie enthusiasts



Data & Task
Abstraction

the what-why, map into generalized terms

identify tasks that users wish to perform
or already do

find data types and good model of the
data

sometimes must transform the data for a better
solution

this can be varied and guided by the specific task



Example: Find Good Movies

What is a good movie for me?
Highly rated by critics?
Highly rated by audiences?
Successful at the box office?
Similar to movies | liked?
Specific Genres?

Data Sources: IMDB, Rotten Tomatoes, ...



Encodings &
Interactions

the design of idioms that specifty an approach

visual encodings

Interactions

ways to create and manipulate the visual
representation of data

decisions on these may be separate or
intertwined

visualization design principles drive decisions



Example: Find Good Movies

Combination of audience ratings and critics ratings,
filtered by genre.
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Example

Goal: Control Data Quality for Gene

Splicing Data
Tasks:

Judge Magnitude of sample

Compare samples
Compare groups

[Strobelt 2016]
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G1: Explore differences between samples and groups One
of the biologically relevant observations our collaborators are inter-
ested in are differences between samples and groups of samples, e.g.,
to identify variations in isoform expression. This is interesting because
it could explain an effect observed in a disease phenotype or could
show the effect of differing treatments between groups. Differential
expression is judged in terms of magnitude (the size of the effect) and
consistency across members of a group.

G2: Discover Novel Isoforms As mentioned previously, data
about exons, junctions, and isoforms is retrieved from reference
databases. However, these databases do not contain all possible iso-
forms, as many have not yet been discovered. When analyzing data,
biologists want to confirm whether the data matches the reference in-
formation, or whether there are potentially new isoform candidates.

G3: Evaluate Isoforms The biologists want to judge the impact
and similarity of isoforms. When two isoforms differ by multiple ex-
ons, for example, they are more likely to have different functions than
two isoforms that are identical with the exception of a short truncation.

G4: Control Data Quality The quality control (QC) goal is, as
previously mentioned, an essential part of the regular exploratory pro-
cess, but can also be independent from actual data analysis. QC is im-
portant to identify mistakes made by the analysis algorithms or issues
with the data collection. An example for a QC process is to compare
whether overall isoform abundance correlates with mRNA expression.
For example, if one isoform is reported to be very common in a sam-
ple, but the exons of that isoform are not well expressed, it is likely
that the reported isoform abundance value is wrong. Other QC pro-
cesses include comparing the output of different algorithms (for proof-
reading purposes) and checking whether biological replicates behave
the same way (as expected), or show deviating behavior.

3.1 Tasks

From this set of domain goals we infer two groups of tasks: those that
are primarily concerned with the tabular experimental data (expres-
sion, junction support, isoform abundance; enumerated with T), and
those that are concerned with the composition of isoforms (C). In the
following, we describe these tasks and state the related goals.

For each of the three data types isoform abundance, exon expres-
sion, and junction support, we identify the same tasks for the tabular
experimental data (T).

T1: Judge the magnitude of a sample or group (e.g., is the isoform
highly expressed for a given sample?) [G1, G4]

Compare samples and identify within-group variance and outliers
(e.g., is the junction support different between samples?, is the
junction support within a group of samples consistent?) [G1, G4]
Compare groups, i.e., identify between-group variance (e.g., is
an exon expressed differently between the groups?) [G1, G4]

The tasks related to the composition of isoforms (C) bridge the
data types. The composition tasks are:

Cl:
C2:

T2:

T3:

Identify the exons/junction that are part of an isoform. [G2, G3]
Identify the relationships between isoforms, e.g., find out
whether they include the same or similar exons. [G2, G3]
Identify evidence for novel exons or isoforms that are not in the
reference data. [G2]

C3:

Finally, there is the supporting task of defining sample groupings,
either based on user knowledge or through data (GR).

As is evident from this list, comparing between groupings and ex-
ploring the connections of multiple data types are critical for this type
of analysis. We have designed Vials to address these tasks so that our
collaborators can answer their higher-level questions.



Tasks

Analyze
high-level choices
consume vs produce
Search

find a known/unknown item

Query
find out about characteristics of item
by itself or relative to others



Analyze
Consume ) Analy
_ > Consume
d|SCOVer VS present = Discover > Present
classic split: explore vs explain =« /p, s alh
| . N S
enjoy: casual, social 1- o
Produce = Produce

> Annotate = Record

High-level actions: Analyze

Annotate, record iy
Derive: crucial design choice )‘Q ——

> Enjoy

= Derive

4



Mid-level actions: search, query

@ Search
SearCh What dOeS user Target known Target unknown

know? own | "uete Lok
target, location orerion @) Locae '@ Bl

(®) Query
how much of the data Sidentfy 5 Compare 5 Summarize

matters? . A
°o o o, \\/// =.===E.=E
one, some, all Ve

|_J




Example Compare (& Derive)

I Greece’s GDP

Greek recession v others
100=start of economic crisis

110
o United States
Britain (1929-39)
(2008-13)
100
Euro area
(2008-14)
90
30
Greece (2008-14)
Lyl vt v br b e e bt v b v by by a b 70

1 2 3 4 5 6 7 8 9 1011

Years since start of the crisis

Change on a year earlier

%
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Sources: Angus Maddison, University of Groningen; Greek National Statistics; Haver Analytics; IMF
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(®) ALL DATA

2> Trends

() ATTRIBUTES

> One

> Distribution

vV Extremes

> Qutliers

2> Many

> Dependency

Low Level: Targets

= Features

d!

vV

> Correlation

> Similarity

-~ S
N

/

(@) NETWORK DATA

> Topology

5

= Paths

.

(9) SPATIAL DATA

> Shape

x (D



Examples

Trends: How did the job market develop since the
recession overall?

Outliers: Looking at real estate related jobs

A Long Housing Bust

Home prices have rebounded from their crisis lows, but home
building remains at historically low levels. Overall, industries
connected with construction and real estate have lost 19
percent of their jobs since the recession began — hundreds of
Real estate escrow,

thousands more than health care has added. NEXT» listing, fiduciary, other
services

Increased —»

Lawn and garden
equipment and supply
stores

Residential remodelers
o r General contractors for
Building material and new apartments and
supply dealers condos

Jobs since recession

Home furnishing stores

Wood product Architectural services
manufacturing

-¢— Decreased

For-sale home builders

General contractors for
new homes

Land subdivision

-@¢— Lower Wages Industries Higher Wages —»


http://www.nytimes.com/interactive/2014/06/05/upshot/how-the-recession-reshaped-the-economy-in-255-charts.html?abt=0002&abg=0

Exercise: Task Abstraction

Your have been approached by a geneticists to help with a visualization problem.
She has gene expression data (data that measures the activity of the genes) for
30 cancer tissue samples. She is applying an experimental drug to see whether
the cancer tissue dies as she hopes, but she finds that only some samples show
the desired effect. She believes that the difference between the samples is caused
by differential expression (different activity) of genes in a particular pathway,
i.e., an interaction network of genes. She would like to understand which genes
are likely to cause the difference, and what role they play in that pathway.

domain problem characterization ﬁ

Obijective 1: Task Abstraction data/operation abstraction design —
, _ _ _ encoding/interaction technique design
Objective 2: Encoding Design algorithm design j




Task Abstraction

...only some samples show the desired effect.

-> derive two groups of samples ==

... the difference between the samples is caused by differential expression
(different activity) of genes in a particular pathway. She would like to
understand which genes are likely to cause the difference

-> Identify those genes
-> compare gene expression of pathway genes between two groups
- |dent|fy the outliers * Ickentity > Compare 2 Outliers

Eo o

IS



Task Abstraction

She would like to understand which genes are likely to

cause the difference, and what role they play in that
pathway.

-> Locate the outlier in the network
-> Explore the topology

> Topology



Encoding Design o
|
Tabular Data, 30 samples, 30 genes [ il
" Mt

R AL

Compare groups, spot outliers

Dimensionality Reduction?
Scatterplot Matrices? 30 Dimensions is too much -> S il o iy

Doesn’t show raw data,
not great to compare groups. vilap m—e— i

S—

30 Dimensions is a lot,
coloring for comparison necesss o] ‘-‘

Work! Spatial separation of grou (=%, Mkl ke

Parallel Coordinates?
Heat Maps?!

3 Work even better! 30x30 still fea |
. encoding advantage St Tl



Network, 30 genes -

Explore Topology, Lookup Nodes
Matrix? Doesn’t work for topology tasks

Treemap? Doesn’t work for general networks

Works well.

Node Lmk Dlagram'?

‘ ‘ Al »~0 1 FEKA
cAMEF g
v Wit s malog ) A
. ;l._“l\' J
() (it G} 01— G| o
.}-" w'v‘.L:.' | -;‘ MITF e
SCF bt cKit e > Mo lancma

Combine with Table through highlighting.



Designing
Uisualizations



What is Design?

creating something new to solve a problem ™ oo

can be used to make buildings, chairs, user
iInterfaces, etc.

design is used in many fields
many possible users or tasks


https://www.youtube.com/watch?v=hUhisi2FBuw
https://www.youtube.com/watch?v=hUhisi2FBuw

Design

What is Design Not?

just making things pretty

art — appreciation of beauty or
emotions invoked

Arf

something without a clear
purpose

building without justification or ﬂ as 2al®

evidence

http://woodyart211.blog com/2015/01/art-vs-design-comments ntml



http://woodyart211.blogspot.com/2015/01/art-vs-design-comments.html

Form & Function

commonly: “form follows function”

function can constrain possible
forms

form depends on tasks that must be
achieved

“the better defined the goals of an
artifact, the narrower the variety
of forms it can adopt” -awerto cairo

http://img.weburbanist.com/wp-content/uploads/2015/05/sculptural-furniture-

main-960x481.jpg

The Functional Art: An introduction to information graphics and visualization. New Riders, 2012.


http://img.weburbanist.com/wp-content/uploads/2015/05/sculptural-furniture-main-960x481.jpg
http://img.weburbanist.com/wp-content/uploads/2015/05/sculptural-furniture-main-960x481.jpg

Why does Designh Matter for Vis?

many ineffective visualization
combinations

users with unique problems & data
variations of tasks
large design space



Datasets
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Why does Design Matter for Vis?
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When do we Design?

wicked problems

no clear problem definition

solutions are either good enough or not good
enough

. ’
\\
\, i
- ~,
-
- A}
y
-

multiple solutions exist, not true/false

no clear point to stop with a solution

examples of non-wicked (“tame”) |
problems »

mathemathS, CheSS, pUZZIGS Tacoma Narrows Bridge

Dilemmas in a general theory of planning. Rittel, H.W. and Webber, M.M., Policy Sciences, 1973.


https://www.youtube.com/watch?v=j-zczJXSxnw

Design Methods



Creativity Workshops

goals:
generate design requirements
promote creativity

combined a variety of
techniques:

wishful thinking
constraint removal
excursion

analogical reasoning
storyboarding

measured prototypes for
appropriateness, novelty, &
surprise

Ethan Kerzner, Sarah Goodwin, Jason Dykes, Sara Jones, Miriah Meyer
A Framework for Creative Visualization-Opportunities Workshops

opening ‘

core

Opening Presentation
(passive)

Analogy Introduction
(active, divergent)

Wishful Thinking
(active, divergent)

Barrier Removal
(active, divergent)

Lunch & Excursion
(passive, divergent)

Visualization Analogies |

IEEE Transactions on Visualization and Computer Graphics (InfoVis '18), to appear, 2018.

Describe how your image represents your feelings about the collaboration.

23
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Think about the aspirations for your data... Q

What would you like to KNOW?
What would you like to DO ?
What would you like to ? <7

7Y In small groups
ST
( ‘.
01:?'»-._/\___/"/'
[ b

choose an idea..
Individually...

...Share ...

i 1S
- = !

Share, discus
and identify
common them

Assume that already exists.
What else do you want to KNOW / DO / SEE?

http://vdl.sci.utah.edu/CVOWaorkshops/



http://vdl.sci.utah.edu/CVOWorkshops/

Wishful-thinking Questions

Recall a recent experience analyzing copy number, and possibly other
genetic data. Record answers to the following questions about this
analysis, using one post-it note per idea.

o What would you fike to know from this data?
*  What would you ke to be able to do?
o What would you like to see?

-

, R WA

- "W R W R R RN




Develop multiple designs in

parallel

Example: graphic web design
serial vs parallel design: create &

critique

Parallel Prototyping

serial g 5

Design dANGER!

Magazine

parallel How

mult

How
{?O do i-han
ou led
. you ﬂ dedn
DesigngiEsrag — ess?

FOUS"YSy

| ,/’ .
L/

-~ 5 |

Parallel prototyping leads to better design results, more divergence, and increased self-efficacy.
Dow, S.P., Glassco, A., Kass, J., Schwarz, M., Schwartz, D.L. and Klemmer, S.R., Design
Thinkina Research 2012



Paper Prototyping

‘create a paper-based simulation of
an interface to test interaction with a

J)
u Ser Methods to support human-centred design. Maguire,
M., International Journal of Human-Computer Studies,
2001.

received more suggestions than digital
users requested more features to add

hypothesis that paper prototyping
stimulates creativity and interaction

Human-centered approaches in geovisualization design: Investigating

multiple methods through a long-term case study. Lloyd, D. and Dykes, J.,
IEEE InfoVis, 2011.



tailored to visualization design
In industry and classroom use
sketching as a way to plan

the design sheets:
#1 brainstorm solutions to a task
#2-4 different principle designs

#5 converge on design to implement

http://fds.design/

et
i

Five-Design Shee

- % \ v ) v\
L \B U
% \
\ \

Ideas

Filter

Categorize

Combine & Refine

Question

Layout

Focus / Parti -
- Discussion

. Sheet 2,3,4

. Information

Layout

..............

Focus / Parti :

Sketching designs using the Five Design-Sheet
methodology. Roberts, J.C., Headleand, C. and Ritsos,
P.D., IEEE InfoVis, 2015.

" Information

.............



http://fds.design/
http://fds.design/
http://fds.design/

Vizlt Cards

different cards to assist with visualization design

Domain Card

types of cards
domain
iInspiration
abstract
layout

Abstract Card

Domain Task
Usage

* Where do peoplé
enter the Web sitej
over time?

LABSDTD2013

Gestalt principles

Surroundedness

1 Lk

v

present-- locate-- identdy

What category(s) d

Find sets

Layout Card

Vizlt Cards: A card-based toolkit for infovis
design education. He, S. and Adar, E., IEEE
InfoVis, 2016.

containing a
specific eleme|

Q@

Layout: Bubble Chart

+a0 18->

apple belong to ?

AR TTINOCD

Inspiration Card

aim to help students design, compare,
collaborate, apply, and synthesize

http://vizitcards.org



http://vizitcards.org/

Other Methods

Interviews/observations

gualitative analysis
personas

data sketches
coding



Evaluation



Role of Evaluation / Validation

Goals: Unique vs Comparison
avoid ineffective solutions Can | easily compare my vis to
justify solutions others?
Dimensions: s mine one of a kind?
Perception vs System
s size a better visual channel Usability Testing:
than angle?

o Check for problems with
Is my visualization system any system

good?



Frame-Based Highlighting
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What evaluation methods are
there?

Controlled experiment

Laboratory, Crowd-Sourced

Interviews / questionnaires

Unstructured, structured, semi-structured

Field observation, lab observation

Video / audio analysis

Coding / classification of user behavior (speech, gestures)
Log analysis
Algorithmic performance measurement

[Lam 2011]



What evaluation methods are
there?

Heuristic evaluation

Judge compliance with recognized metrics/usability methods (the heuristics)
Usability testing, e.g., thinking aloud tests
Wizard of Oz

Human simulates response of system
Test functionality before it's implemented

Eye tracker evaluation
Expert evaluation
Insight-based evaluation
Case studies



Typical Metrics

Objective Metrics Subjective Metrics
Task completion time Ratings

Errors (number, percent,...) Rankings

Percent of task completed User satisfaction

Ratio of successes to failures

N Subjective performance
Number of repetitions

Ease of use
Number of commands used

Number of failed commands Intuitiveness

Physiological data (heart rate,...) Judgments
Numbers of insights Comments and Feedback



Quantitative vs. Qualitative
Evaluation

Quantitative Methods
Objective metrics, measurements

Use numbers / statistics for interpreting data
Qualitative Methods

Subjective metrics

Description of situations, events, people, interactions, and observed behaviors, the use
of direct quotations from people about their experiences, attitudes, beliefs, and thoughts

Focused on understanding how people make meaning of and experience their
environment or world



Internal vs. External Validity

Internal Validity

High when tested under controlled lab conditions

Observed effects are due to the test conditions
(and not random variables)

External Validity

High when interface is tested in the field, e.g. handheld device tested in museum
Results are valid in real world

The Trade-off

The more akin to real-world situations, the more the experiment is susceptible to
uncontrolled sources of variation



Scope of Evaluation

Pre-design
e. g., to understand potential users’ work environment and workflow
Design

e.g., to scope a visual encoding and interaction design space based
on human perception and cognition

Prototype

e. g., to see if a visualization has achieved its design goals, to see
how a prototype compares with the current state-of-the-art systems
or techniques

Deployment

e.g., to see how a visualization influences workflow and work

processes, to assess the visualization’s effectiveness and uses in
the field

Re-design

e. g., to improve a current design by identifying usability problems

threat: wrong problem
validate: observe and interview target users

threat: bad data/operation abstraction

threat: ineffective encoding/interaction technique
validate: justify encoding/interaction design
threat: slow algorithm

validate: analyze computational complexity
Implement system
validate: measure system time/memory
validate: qualitative/quantitative result image analysis

[test on any users, informal usability study]

validate: lab study, measure human time/errors for operation
validate: test on target users, collect anecdotal evidence of utility
validate: field study, document human usage of deployed system

validate: observe adoption rates

Lam 2011




Added value should be obvious!

Develop new methods/interface/software that are so
awesome, cool, impressive, compelling, fascinating, and
exciting that reviewers, colleagues, users are totally
convinced just by looking at your work and some examples.

— Jarke van WK,
Capstone Talk @ |[EEE VIS 2013



More on this Topic

CS 6540 - HCI (Fall)
CS 6963 - Advanced HCI (Spring)

ED PS 6010 - Intro Statistics and
Research Design

DES 5710 - Product Design and
Development

ANTH 6169 - Ethnographic Methods

ED PS 6030 - Introduction to
Research Design

HUMAN-CENTERED COMPUTING

In human-centered computing (HCC) the design and development of technology is motivated by the needs of people. HCC
focuses on understanding how people use technology, creating new and accessible technology that enables novel interactions,
and evaluating how technology impacts and supports people in the world. The core methods and techniques in HCC are
grounded in computer science, but are also draw on social science and design. Current HCC focus areas in the School of
Computing include personal informatics, mobile interaction, visualization, games, and privacy.

TRACK FACULTY

Erik Brunvand, Rogelio E. Cardona-Rivera, Tamara Denning, Alexander Lex, Miriah Meyer (track director), Jason Wiese, R.
Michael Young

CORE CLASSES: Required courses:

CS 6540 HCl

CS 6xxx Advanced HCl

CS 6630 Visualization for Data Science

EDPS 6010 Introduction to Statistics and Research Design

ELECTIVES: 6 electives in total.

Pre-approved course list from within CS and across campus (1) Up to 3 electives can be taken from outside CS (2) Other elec-
tives require director approval




