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Organizational

Saturday, 23:59 - Project Deadline

Create a release in your repository before then.

Don’t forget:
Project Website - Link from README.md of your repository
Screencast - Upload to YouTube / Vimeo, Link from README.md

Process Book - Link from README.md and include in repository



Organizational

Next Tuesday: Best Project Presentations and Awards
Next Thursday: Final Exam

Content:
Lecture 13 - today, except for guest lecture
Storytelling Paper (6630 only)
Nested Model Paper (6630 only)



Design @ Evaluation



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 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,
and not nececearilv 1in that oorder Onr ooal 1in makino thece ctene more

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 1s 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



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



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



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



Design Process

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

Data Type & Other Factors



Example

Goal: Control Data Quality

Tasks:

Judge Magnitude of sample

Compare samples
Compare groups

[Strobelt 2016]
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G1: Explore diflerences beiween samples and groups Cne
of the biologically relevant observations our collaborators are inter
ested in are diffzrences between samples and groups of samples, e.g.,
to identify variazions 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 magnituce (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 catabases do not contain all possible iso-
forms, as many havc no: yct been discovercd. When analyzing data,

biologists want to confirm whether the dzta matches the reference in-
formation, or waether 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 ac:ual data analysis. QC is im
portant to identify mistakes made by the analvsis algorithms or issues
with the data ccllection. An example for a QC process 1s to compare
whather overall isoform abundance correlates with mRNA axpression.
For example, if one isoform is reportzd to be very common in a sam-
ple, but the exons of that 1soform are not well expressed, 1t 1s likely
that the reported isoform abundznce value is wrong. Othzr QC pro-
cesses include comparing the output cf different algorithms (for proof-
reading purposes) and checking whe:her biological replicates behave
the same way (as expected), or show deviating behavior.

3.1 Tasks

Frcm 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 zbundance; enumerated with T), and
those that are conce:ned with the conposition of soforns (C). In (he
following, we dzscribe these tasks and state the re_ated goals.

For each of the three data types isoform abundance, exon expres-
sivi, and junction suppo:l, we identily 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]

T2: Comparc samplcs and identify within-group variance and outlicrs
(e.g., is the junction support different between samples?, is the
junction support within a group of samples consistent?) [G1, G4]

T3: Compare groups, ie., identify between group variarce (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:

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

Finally, there is the supporting task of defining sample groupings,
either based on user knowlecge cr through daza (GR).

As is evident from th's list, comparing hetween groupings and ex-
ploring the connections of multiple data types are critical for this type
of analysis. We have designed V:als 10 address these tasks so that our
collaborators can answer their higher-level questions.

C3:



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
dlSCOver VS present = Discover > Present
classic split: explore vs explain - i s alh
| | - . /\/ -|||,-
enjoy: casual, social 1. o
Produce - Produce

= Annotate = Record

High-level actions: Analyze

Annotate, record Ny
Derive: crucial design choice }Q —

> Enjoy

= Derive

4

e



Mid-level actions: search, query

@ Search
What dOeS user knOW? Target known Target unknown

Location

target, location known e Lookep (o) srowse
tzi?]t(i:\)/\r/\n Q e » Locate ) Q e~ Explore
how much of the data
matters? @ Query |
= |dentify = Compare = Summarize
one, some, all - S -

v 4

_/




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)
Lt vt e bvr e b v b dr v by e v brra 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

v Extremes

> Qutliers

2> Many

> Dependency

Low Level: Targets

= Features

I‘,

Vv

> Correlation

> Similarity

I
-

/

(@) NETWORK DATA

> Topology

5

= Paths

Ve

() SPATIAL DATA

> Shape

x (0



Examples

Trends: How did the job market develop since the

recession overall?

Outliers: Looking at real estate related jobs

Jobs since recession Increased —-

-a—— Decreased

A Long Housing Bust
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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: Econding Design algorithm design W




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 those genes between two groups

= |dentify = Compare > Outliers

-> identify the outliers L [

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 topolgy

> Topology



Encoding Design

Tabular Data, 30 samples, 30 genes

Compare groups, spot outliers
: : : : Doesn’t show raw data,
Dimensionality Reduction’? 5" +'to compare groups. o .
Scatterplot Matrices? 30 Dimensions is too much -> S '

N 30 Dimensions is a lot, Ly
,. dmates coloring for comparison necesse
Heat Maps’? :
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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'?
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Combine with Table through highlighting.



What is Design?

creating something new to solve a problem™

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

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

something without a clear
purpose

building without justification or
evidence



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

Why does Designh Matter for Vis?

many ineffective visualization
combinations

users with unique problems & data
variations of tasks
large design space
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When do we Design?

wicked problems

no clear problem definition
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

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



Design Methods



Parallel Prototyping

serial
Develop multiple designs in
parallel
Example: graphic web design
serial vs parallel design: create &
critique aralel

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 Thinking Research, 2012.

you

design’|

mult

1-han

dedn
ess?




Five-Design Shee
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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/

deas

=ilter

Catagorize

Combine & Refine

Question

Sheet 1

Layout

Focus / Parti @ |
+ Discussion

" Sheet2,3.4

. Information

. Oneratons

Layout

Focus / Parli

Sheet 5

- Information

- Operations

 Detall

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



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

PO

LCSav'g

present-- locate-- identfy

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|

Qe

Layout: Bubble Chart
Point+add size->Bubble Comparison+add

: +ad 8->

apple belong to ?

AR TOOV O

Inspiration Card

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

http://vizitcards.org


http://vizitcards.org/

Paper Prototyping

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

b
u Se r 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.



Creativity Workshops
Sy

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

Creative user-centered visualization design for energy analysts and modelers. Goodwin, S., Dykes, J., Jones, S., https://www.flickr.com/photos/novecentino/2937239799/
Dillingham, I., Dove, G., Duffy, A., Kachkaev, A., Slingsby, A. and Wood, J., [EEE InfoVis, 2013.



https://www.flickr.com/photos/novecentino/2937239799/
https://www.flickr.com/photos/novecentino/2937239799/

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 pathway visualization system

system any good?



Example: Three Linking

Techniques

Perception / Comparison

.

IR 51—

welio o pwik Froesdenue Rloue klad

Pt 2ecd Oty 5
Arcnx kendx 1132
prewed b e
17 ey Py el

(S 4 SAR R gt ]

Straight Visual Links

T o wh ch 5 som Provdinze wio first seniad = Jone 155 by
Rogw Uidws, ard warr cow s sngmal Thidews Cdumes o
the Unesd 2awme U8 qan, Oh tra war mark of =0 bsatencs
oo was bt clamred by bett thy Engligh ard thy Dt e
Soheud f At ads s Dow sty o U egn) wew Ce
Pakanzect Tride 21 tr¢ Wamzaacog '$a: on (24 by Nossoool:
Cunsmecyer 0 owiny s saciing e s b selie fom the
Makanzeet and e the &ty @ poranst anre 1) Wiiar s
Prosdescw voom bvcer v o iviucw Fa v swcilvd dgous
danspeere am o horeasit ad hean adiad Yoo Wasaschsese 12
Proaiesca’s gowis wadds be thw suim; B e o mortuy
—the ashomirng o £ tariory 1Ma « naondsg rens d8a @ty of
fomigth: 0731, ad &% eg of lzco vodtkn: and lard cx ot
315 onetd Sl et %7

1 T i ed-1 700w, Ure B la s goastimnwe fl lewod Laown Urae 1pwdee
PooAlesca’s o time fzhi"g and Ay cuten intunas, T
manFay Hhe O Koy Dheesanie sas the 5ogw &
wth o At lvasd semcat o ares deilloms
ol aowaree y ahec.od 1 v o e d lame
Thet 2 Sanns Caed Prodomze 1o join 17¢ ooy,
ok | rzmourcihg thegiaron to the B
nisssac A n ArTca =t = incapedes
Frydtence residams tpl od e fra b
Braarn an B w1 nbeacus

VIRt ssary Wargtn oty eataped
wpebu Hhw capiore 2 imfily Yot
“twiter ol adry e cept e prrai NN a0 M
Ticops wew casetnrwd o0 varnous capasums wrd
Do Lomwrs e s Unesnily Hal wall esed 26 2
tanacks 37d rilezry haspral. '

Adar duzaticg Fan Heaped, Fronchloz s ses oy
g Lowe Nl and conmmanded by B Coo e s
Archarrbeoy poocel . o0 thain way

o e sk mand Evlh o ces T e
Form Mt o e dacsa et the fagitmng of A
cmrpagt o podly Gy Swnend Geoigy Wadbe o
# ceciane mah It andad wrh the dete st o e el
Sorrwalisir the Sizge of Yerkiomm o Yordom,
Vi g @, Bre Buliv A e Ul epvae.

Thow g the war, Frovadenze s the - uinys arthe
aprtety P wih 3 11¢ aaple The rencemy
aldod P manlow vodwaron W e Jleclaig,

 ranicudon) machinery 1084, 2 PTGt 1y 8nd
imatze. 3y e tur of tha teo~t eth covury.
— "rvaterca beaoead e ot the larmant man te eng

rhay «mi sty ek Beown £ Sleers
J

@ A

’ ﬂ s <z - Gocgle Mape . s

& C O maprapaayglesn woA
Web Images Voaos Mopa Mews Ehageng Crsl vane . Sgnin &
GOOgle MSEPS  mexco Sesech Wapa

0 EF0m LiSard o lith

Repest & vedion )

:_.‘l:._ —

255000, Wik Promidence hecs [sane

Pyl Sap i St e D
Arzica fsanced NI
preset balkdng ccoghes In
ITIE N Uw wideel Bty
corgrgetor i Areace

Provsercs i 1w ma anKmer sarnn, &7

= S ey

£ -
15
e
T
Y
{ )
.0—.:
(
\

NS e ol e W Ross

Foaoit
i
L

Frame-Based Highlighting

e —— —

T arzawtech i ~ow Frovde=oo waz Wz sethiad i Jan2 1804 By
Argm YAl ame saci was acs ok e anTny (hdsen Cyon as or
e Lritez Paatrcy 7 Abh-ugh the weee ek ofthe Miedeoce
Trowt v baiwr chenowd Sw bdhithe Sogadiand e Ol liw
eUua maleants et bue aslers o U g ware
Ppkascsx TTbe o' 1he \Vomzandag Morien lod by Mazzaatk
2uszmor.n. ' Yl emz coc.1ed paemczEon o coiio Fom he
Sk anciat amd g the ¢ty de ssesect nye W ame
“rad-ence anct became ared ga S prosacitad moig oo
soesnitwx o o lirrand” lead bame ozl Fam Nasss gt 11
.o s o vould by dlow domy L vl ot -owide
— 0 dTum g o 5 Iiory M0 Sume .t drg lowns tifelry of
‘mitg the land anc cfarg of 0l tradtonz ond ‘and cerfioi:
¥ sowed developme =

il ot TT00n e 3 s gomemmaid raed Lasaes 1ol arpedied
TYBaATAncE s e e fahng mod agnci Bea nd dnes the
reinziay of e City's ecosoyy Cre cotmp e i T1e Euga i
wheli v o laclomwd wgm sl Frowdonces dalivies
thy sde-sely siecled rs %ae n o and daves
Treoo s caczod Swdzons: 10 jun tha athor
cobms v owngens g whezaeie W ity Beseh Conn
1= 1apees ta avvecs s darceplar vta lens
Poovidane: rasisants apiled 1ha frae bzod of e

Ao o v hdioni Jw ndunous S &
2l

1=cy” dnng tre Kkt onesy Y fhe oty pacared
Aoy acricatva the ~aptine of neacty Laapedt
daup ed mieadiy s eup U popadadios ol

' T ocopm we o qualvew. O e wus Caipengte anl

Basan Unwersiny's Linwersity Hol v 909 350
bzracks and mitary ~zcpral ™

Ader “apa=ing hum eapcd Franct e et by
Kargy Lovis XV od cummpinde; by Uy Comdy v
Foct amis s setvs ol Dvioy v
o 2in e anick D;.'ﬂ Ediy 225 The maich
Pz howpern @2 Prondence aec the Bcgrring of 3
crrpagn lnd oty by Densd ecme Viastmptonr
A macishoe march thet sacad ath tha defas = Connonl
Comarbs nibs 3wge ol Yot om t Yorsom,
Vougiow and CvEdlle e U wiapvarw

et Fo onmrng e wvar, 2iomiencenan T coafey's vith.
Inrcens oty TH T wah 412 paapie 176 eczromy
e ooz fon martmo 2do2vars to MasufactLmg.
1 parocualy vty I k. siveane, eehy o
tniae Fy tha om or “ve b oth ety
— Pooidane: 2eavad same = the lapee matufauwing

mads wibuimohiv is b o o 2 Tranw

WA

/M meso-Gosgaray; -\
€ C L mapigooyis e w R
Wo oges Vdeos Mage Now:  Shooprg Gmed  mert - Slgrnin &

(loogle mMaps  medeo

)
- Pt

P e —p—p—

- - :t{.: >

vy |
¢

New .h;ar' 1

S .-
AW e
Evlawiivi L Eeay

PIeree .

Tetne

“£20r & prasen ]

Context-Preserving Visual Links
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Results

H1: Visual links lead to a better
performance than
conventional highlights.

H2: Context-preserving visual
inks do not have a

negative impact on
performance
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Gaze Plots

Straight Visual Links
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Genealogy with ~400 members rendered with Progeny



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



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




Observe and Measure

Observations are gathered...

manually (human observers)

automatically (computers, software, cameras, sensors,
etc.)

A measurement IS a recorded observation
Objective metrics and subjective metrics



Typical Metrics

Objective Metrics Subjective Metrics
Task completion time Ratings

Errors (number, percent,...) _

Percent of task completed Ranklngs

Ratio of successes to failures User satisfaction

Number of repetitions Subjective performance
Number of commands used Ease of use

Number of failled commands

Intuitiveness
Physiological data (heart rate,...)

Numbers of insights Judgments



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



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 @ |IEEE 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 HC|

CS 6630 Visualization for Data Science

ED PS 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




Other Vis Classes

CS 6956 - Advanced Data Visualization
CS 6636 - Vis for Scientific Data




