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Tasks, Design and Evaluation




Tasks Analysis




Problem-Driven vs Technigue- Driven

* problem-driven
* top-down approach
* identify a problem encountered by users

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

* technique-driven
* bottom-up approach
* invent new visualization techniques 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 is 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,

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

e 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
e avoid making ineffective solutions




Nested Model for Visualization Design

domain problem characterization —
data/operation abstraction design v —
encoding/interaction technique design 4

algorithm design j DeS | g N

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 T h re atS &
validate: analyze computational complexity .
implement system Eva I U at 10N
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

Munzner 2009



Design Process

Understand Map to ldentify & Implement
Domain Problem ~ . Abstract Task / SuitableTechnique

Data Type & Other Factors




Domain 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

e cannot just ask people what they do
* introspection is hard!




Domain Problem Characterization

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

* |dentify 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

e 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?
e Successful at the box office?
e Similar to movies | liked?
e Specific Genres?

 Data Sources: IMDB, Rotten Tomatoes, ...




Encodings & Interactions

Visual encoding/interaction idiom

* the design of visualization techniques
* visual encodings interactions

e ways to create and manipulate the visual representation of data
e decisions on these may be separate or intertwined

e visualization design principles drive decisions




Example: Find Good Movies

* Combination of audience ratings and critics
ratings, filtered by genre.
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Task Abstraction Exercise

You have been approached by a geneticist 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.

. . _ i domain problem characterization =
’ Ob* ective 1: Task Abstraction data/operation abstraction design v —
. Ob;ective ) Encoding Design encoding/interaction technique design v
algorithm design I'

7Y



Task Abstraction

» ...only some samples show the desired effect.
-> derive two groups of samples

< Derive
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Task Abstraction

» ... 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
-> identify the outliers

=> |dentify

< Qutliers
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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

Target known

Location
known

Location
. Locate
unknown Q

> Topology
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Encoding Design

<1
* Tabular Data, 30 samples, 30 genes s [ i

“| ERe82)

* Compare groups, spot outliers * Mt . o

. . . . Doesn’t show raw data, not great to » B 4l
* Dimensionality Reduction? compare groups.
. 30 Dimensions is too much -> h(;sg@! ersmmertae ot bt
* Scatterplot Matrices? Scalability auna haltes
. 30 Di [ is a lot, coloring f
* Parallel Coordinates? comparisan necessary o .

Work! Spatial separation of groups. ﬂb& -_

| ' '
Work even better! 30x30 still feasible, Tc!sT| el o
encoding advantage
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» Bar Charts? |
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Nodes
e Matrix? Doesn’t work for topology tasks

* Treemap'? _ Doesn’t work for general networks
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Ode ag a —ad Combine with Table through highlighting.




Designing Visualizations




What is Design?

* creating something new to solve a problem

https://www.youtube.com/watch?v=hUhisi2ZFBuw

* can be used to make buildings, chairs, user
interfaces, etc.

e design is used in many fields
* many possible users or tasks



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

What is Design Not? , Design ,

A

* just making things pretty
e art — appreciation of beauty or emotions invoked (< a

* something without a clear purpose

* building without justification or evidence Art

a

A

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

» commonly: “form follows function”

& \‘
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* function can constrain possible =

=

fo r m S http://img.weburbanist.com/wp-content/uploads/2015/05/sculptural-furniture-

* form depends on tasks that must o
be achieved

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

—Alberto Cairo

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


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

When do we Design?

* wicked problems
* no clear problem definition

e solutions are either good enough or not good
enough

* multiple solutions exist, not true/false no
clear point to stop with a solution
* examples of non-wicked (“tame”)
problems
* mathematics, chess, puzzles

Tacoma Narrows Bridge

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



Why does Design Matter for Vis?

* many ineffective visualization combinations

 users with unique problems & data

e variations of tasks

» large design space




Pitfall

Of course they need the cool
technique | built last year!

PREMATURE DESIGN /m(:\—\\\@@
COMMITMENT




Metaphor
Design Space
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Design Methods




Creativity Workshops

Describe how your image represents your feelings about the collaboration.

. % || Opening Presentation
o gOaIS. | 'E{ (passive) | o - @ R -
* generate design 3 g, ® W
requirements Analogy Introduction “ h“
* promote creativity (active, divergent) |
Think about the aspirations for your data...
¢ COmbIHEd a Va rIEty Of Wishful Thinking What would you like to KNOW?
techni ques: (active, divergent) mﬂ WDUE you j{f;e to z i\i
. hf | h k . at would you like to ; In sl groups
WIS u t In Ing choosean idea..
Barrier Removal _ Shﬂre /

e constraint removal i

. (active, divergent) Share, discus
* excursion

and identify
. . : ‘ Q common them
* analogical reasoning Lunch & Excursion Individuatly..
. (passive, divergent)

° Sto rYboa rd I ng Assume that already exists.

core

) measured prOtOtypeS for Visualization Analogies What else do you want to KNOW / DO / SEE?
appropriateness, novelty, &
surprise

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

S ’I/ \ Ethan Kerzner, Sarah Goodwin, Jason Dykes, Sara Jones, Miriah Meyer
/] A Framework for Creative Visualization-Opportunities Workshops
JJZ /h ~ C . . PP P s

o


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

Wishful-thinking Questions

Recall a recent experienca analyzing copy number, and possibly other
genetic data, Record answers 1o the following questions about this
analysis, using one post-it nota per idea.

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

TR UL TR B TED WRGR U WA W NS
\

Y = -




Parallel Prototyping

serial
* Develop multiple designs in
parallel
 Example: graphic design
* serial vs parallel design: create &
critigue
parallel _— —

do . i-han

you dedn

GESTAE

W
/’75'4' \
/e

)
ambi
dext

Parallel prototyping leads to better design results, more divergence, and
increased self-efficacy. Dow, S.P., Glassco, A., Kass, J., Schwarz, M.,




Five-Design Sheets

* 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

https://fds-design.github.io/

ldeas

Filter

Categorize

Combine & Refine

Question

Sheet 1

Focus / Parti
- Discussion

. Sheet 2,3,4

. Information

Layout

Focus / Parti

Sheet 5

* Information

. Detall

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

» different cards to assist with visualization design Val G A car ased ol -

. Adar, E., IEEE InfoVis, 2016.
Domain Card Abstract Card

present-- locate-- identily
Gestalt principles S La out Card
Find sets Y

containing a
2 Layout: Bubble Chart
Surroundedness | gpecific eIeMe] o .y - oeon e oo o

° |nSp|rat|On * Where do peogle | | C |
» abstract e e Q @ ® o
@

* layout - -

What category(s) d -
apple belong to ?

Domain Task
Usage

* types of cards
« domain

LABSOTD2013

. AT 1S
WK

Inspiration Card

* aim to help students design, compare,
collaborate, apply, and synthesize
* http://vizitcards.org
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Wireframing

» Dedicated Iools like Figma,
Adobe XD, or Sketch

* PowerPoint, Keynote,

lllustrator
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Implementation
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Sketch Detailed Design (lllustrator)

By Jen Rogers



Implementation

Design Review
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Interactive Prototyping

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

u Se r” Methods to support human-centred design. Maguire, M., |8
International Journal of Human-Computer Studies, 2001. 538

* received more suggestions than digital

 users requested more features to add

* hypothesis that paper prototyping
stimulates creativity and interaction

S G IK/ \ Human-centered approaches in geovisualization design:
4
Dy

Investigating multiple methods through a long-term case



Other Methods

* interviews/observations
e qualitative analysis

* personas

* data sketches

e coding




Fvaluation




Evaluating Information Visualizations

Sheelagh Carpendale

Department of Computer Science, University of Calgary,

2500 University Dr. NW, Calgary, AB, Canada T2N 1N4
sheelagh@ucalgary.ca

1 Introduction

Information visualization research is becoming more established, and as a result, it is
becoming increasingly important that research in this field is validated. With the gen-
eral increase in information visualization research there has also been an increase,
albeit disproportionately small, in the amount of empirical work directly focused on
information visualization. The purpose of this paper is to increase awareness of em-
pirical research in general, of its relationship to information visualization in particu-
lar; to emphasize its importance; and to encourage thoughtful application of a greater
variety of evaluative research methodologies in information visualization.

One reason that it may be important to discuss the evaluation of information visu-
alization, in general, is that it has been suggested that current evaluations are not con-
vincing enough to encourage widespread adoption of information visualization tools

[57]. Reasons given include that information visualizations are often evaluated using




Role of Evaluation / Validation

* Goals: * Unique vs Comparison
e avoid ineffective solutions justify e Can | easily compare my vis to
solutions others?

* |s mine one of a kind?

* Dimensions:

* Perception vs Technique/System e Usability Testing:

* |s size a better visual channel than
angle?

* |s my visualization system any good?

* Check for problems with system
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The area which is now Providence was first settled in June 1636 by
Roger Willlams, and was one of the onginal Thiteen Colomies of
the United States ! Although the west bank of the Providence
River was later claimed by both the English and the Dutch, the
actual mhabitants and true masters of the region were the
Pokanoket Tribe of the Wampanoag Nation led by Massasoit
Ousamequin ') Williams secured permission to settle from the
Pokanoket and gave the city its present name | Willams'
Prowdence soon bacame a refuge for persecuted religious
dissenters, as he himseif had been exiled from Massachusatts 13
Providence’s growth would be slow during the next quarter-century
—the subsuming of its temitory into surrounding towns, dificulty of
farming the land, and differing of local traditions and land confiicts
all slowed development (']

In the mid-1770s, the British govemnment levied taxes that impeded
Providence’s maritime, fishing and agricultural industnes, the
mainstay of the city's economy. One example was the Sugar Act,
which was a tax levied against Prowdence’s distillene:
that adversely affected its trade in rum and slaves
These taxes caused Prowdence to jomn the other,

In response to enforcement of unpopular
Providence residents spilled the first

he city escaped
rby Newport
fisrupted industry and kept the populgtion on alert.
Troops were quantered for vanous cafipaigns and
Brown Unwersity’s University Hall wag used as a
barracks and military hospital ']

ARer departing from Newpont, F sent by
King Louis XVI and commanded by fhie Comte de
Rochambeau passed thro on their way

to join the attack against British forces The march
from Newport to Prowdence was the beginning of a
ccampaign led jointly by General George Washington in
a decisme march that ended with the defeat of General
Comwalks in the Siege of Yorktown at Yorktown.
Virginia and the Battle of the Chesapeake.

Following the war, Providence was the country’s ninth
largest city "'l with 7,614 peaople. The economy
shifted from maritime endeavors to manufacturing,

53 particutardy machinery, tools, silverware, jewelry and
textiles. By the tum of the twentieth century,
Providence boasted some of the largast manufacturing
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Roger Williams, and was one of the original Thirteen Colonies of
the United States *®) Although the west bank of the Providence
Riwver was later claimed by both the English and the Dutch, the
actual inhabitants and true masters of the region were the
Pokanoket Tribe of the Wampancag Nation led by Massasoit
Ousamequin "] Williams secured permission to settle from the
Pokanoket and gave the city its present name !'Z Williams™
Prowdence soon became a refuge for persecuted religious
dissenters, as he himself had been exiled from Massachusetts I'*
Prowdence’s growth would be slow dunng the next quarter-century
—the subsuming of its temitory into surrounding towns, difficulty of
farming the land, and differing of local traditions and land conflicts
all slowed development 1'%

In the mid-1770s, the British govemment levied taxes that impeded
Proadence’s maritime, fishing and agncultural industries, the
mainstay of the city's economy One example was the Sugar Act
which was 3 tax levied against Prondence’s distilleries
that adversely affected its trade in rum and slaves
These taxes caused Prondence to join the other
colonies in renouncing allegiance to the Brtish Crown
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious
1772119

Though during the Revolutionary War the city escaped
enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert
Troops were quartered for various campaigns and
Brown University's University Hall was used as a
barracks and military hospital. '

After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau passed throu
to join the attack against British forces. The march
from Newport to Prowdence was the beginning of a
campaign led jointly by General George Washington in
a decisive march that ended with the defeat of General
Comwallis in the Siege of Yorktown at Yorktown
Virginiz and the Battle of the Chesapeake

Following the war. Providence was the country’s ninth-
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Roger Willlams, and was one of the onginal Thiteen Colomies of
the United States !'% Although the west bank of the Providence
River was later claimed by both the English and the Dutch, the
actual mhabitants and true masters of the region were the
Pokanoket Tribe of the Wampanoag Nation led by Massasoit
Ousamequin ') Williams secured permission to settle from the
Pokanoket and gave the city its present name | Wilkams'
Prowdence soon bacame a refuge for persecuted religious
dissenters, as he himseif had been exiled from Massachusatts [13
Providence’s growth would be slow during the next quarter-century
—the subsuming of its temitory into surrounding towns, dificulty of
farming the land, and differing of local traditions and land confiicts
all slowed development (']

In the mid-1770s, the British govemnment levied taxes that impeded
Providence’s maritime, fishing and agricultural industnes, the
mainstay of the city's economy. One example was the Sugar Act,
which was a tax levied against Prowdence’s distillenes
that adversely affected its trade in rum and slaves
These taxes caused Prowdence to jomn the other
colonies in renouncing allegiance to the British Crown
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious
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ccampaign led jointly by General George Washington in
a decisie march that ended with the defeat of General
Comwalks in the Siege of Yorktown at Yorktown.
Virginia and the Battle of the Chesapeake.
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What evaluation methods are there?

° CO nt ro I I ed ex pe r| me nt Certainty over what causes differences

Not realistic (ecological validity)

e Laboratory, Crowd-Sourced

* Interviews / questionnaires
e Unstructured, structured, semi-structured

* Field observation, lab observation
* Video / audio analysis

* Coding / classification of user behavior (speech,
gestures)

° Case Studles High ecological validity

Uncertain what causes differences

[Lam 2011]



What evaluation methods are there?

* Algorithmic performance measurement

* 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
* Log analysis




Patterns for visualization evaluation

Authors: @ Niklas Elmavist, Ji S00 Y1 Authors Info & Claims

BELIV 12: Proceedings of the 2012 BELIV Workshop: Beyond Time and Errors - Novel Evaluation Methods for Visualization « October
2012 « Article No.: 12 « Pages 1-8 « hitps://doi.orgM10.1145/2442576.2442588

Published: 14 October 2012 Publication History M) Check for updates
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| ABSTRACT

We propose a patterns-based approach to evaluating data visualization: a set of general and reusable
solutions to commaonly occurring problems in evaluating tools, technigues, and systems for visual
sensemaking. Patterns have had significant impact in a wide array of disciplines, particularly software
engineering, and we believe that they provide a powerful lens for looking at visualization evaluation by
offering practical, tried-and-tested tips and tricks that can be adopted immediately. The 12 patterns
presented here have also been added to a freely editable Wiki repository. The motivation for creating

this evaluation pattern language is to (a) disseminate hard-won experience on visualization evaluation

to recsearcheaere and nractitioners alike: to (b)Y orovide a estandardized vocabhulary for desicnino



Quantitative vs. Qualitative Evaluation

e Quantitative Methods

* Objective metrics, measurements
* Use numbers / statistics for interpreting data

e 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




Typical Metrics

Objective Metrics Subjective Metrics

e Task completion time e Ratings

e Errors (number, percent,...) * Rankings

* Percent of task completed * User satisfaction

* Ratio of successes to failures e Subjective performance

* Number of repetitions * Ease of use

* Number of commands used * Intuitiveness

* Number of failed commands * Judgments

e Physiological data (heart rate,...) « Comments and Feedback
* Numbers of insights . ...




Internal vs. External Validity

* Internal Validity — can you trust your experiment
* High when tested under controlled lab conditions
* Observed effects are due to the test conditions (and not random variables)

* External Validity — is your experiment representative of real world
usage

* High when interface is tested in the field, e.g. handheld device tested in
museum

e 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 threat: wrong problem
: validate: observe and interview target users
* Design

¢ , | di dint tion desi threat: bad data/operation abstraction

e e.g. toscope avisual encoding and interaction design = : o : :
space based on human perception and cognition thrgat. mgffeptwe encgdnqg/nntere?ctlon tgchnlque
validate: justify encoding/interaction design

* Prototype threat: slow algorithm

* e.g., toseeif avisualization has achieved its design validate: analyze computational complexity
goals, to see how a prototype compares with the implement system
current state-of-the-art systems or techniques : :

validate: measure system time/memory

* Deployment validate: qualitative/quantitative result image analysis
* e.g. tosee how avisualization influences wprk’flow [test on any users, informal usability study]
and work processes, to assess the visualization’s validate: lab study, measure human time/errors for operation
effectiveness and uses in the field : : . —
validate: test on target users, collect anecdotal evidence of utility
° Re—de5|gn validate: field study, document human usage of deployed system
* e.g., toimprove a current design by identifying validate: observe adoption rates

usability problems




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 Wik, Capstone lalk @ IEEE VIS 2013
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