Visualization is Not Enough

Jeffrey Heer @jeffrey_heer
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"We really are in another
golden age of visualization.”

- Leland Wilkinson, May 2019



Where do the driving ideas
of our field come from?
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Four major influences act on data

analysis today:

1. The formal theories of statistics.

2. Accelerating developments in
computers and display devices.

3. The challenge, in many fields, of
more and larger bodies of data.

4. The emphasis on quantification

in a wider variety of disciplines.

1966 Tukey & Wilk, Data Analysis & Statistics



While some of the influences
of statistical theory on data
analysis have been helpftul,
others have not.

1966 Tukey & Wilk, Data Analysis & Statistics



Exposure, the effective laying
open of the data to display the
unanticipated, is to us a major
portion of data analysis...

It is not clear how the informality
and flexibility appropriate to the
exploratory character of exposure
can be fitted into any of the
structures of formal statistics so
far proposed.

1966 Tukey & Wilk, Data Analysis & Statistics



Accordingly, both approaches and
techniques need to be structured so
as to facilitate human involvement
and intervention.

Some implications for effective
analysis are: (1) it is essential to have
convenience of interaction of
people and intermediate results
and (2) at all stages of data analysis,
the outputs need to be matched to
the capabilities of the people who
use it and want it.

1966 Tukey & Wilk, Data Analysis & Statistics



1972 Tukey, Fisherkeller, Friedman, F



http://stat-graphics.org/movies/prim9.html

1972 Tukey, Fisherkeller, Friedman, PRIM-9



1972 Tukey, Fisherkeller, Friedman, PRIM-9
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CONJECTURE: The most important
contributions of our field arise from
interdisciplinary synthesis.



EXAMPLE:
Visualization Systems



APT: A Presentation Tool

Mackinlay’'s 1986 PhD Thesis on
automatic chart design.

Input Data:
Cars dataset

Priority-Ordered Input Variables:

1. Price
2. Mileage ss00t

. Car price for 1979
3' Repalr Car mileage for 1979

I Repair record for 1977
4° We | g ht Car weight for 1979




Bertin’s Semiology —

Graphical Perception—> APT
Logic Programming —>
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CONJECTURE: The most important
contributions of our field arise from
interdisciplinary synthesis.



COROLLARY: The practice of
principled interdisciplinary
thinking is our greatest asset.
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Indexing, Data Cubes, Query Optimization

Databases \V/ T

New Requirements, Interaction Models, Prefetching Approaches



Indexing, Data Cubes, Query Optimization

SIGMOD HILDA

Databases <= Vis

VIS DSIA

New Requirements, Interaction Models, Prefetching Approaches
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1 The Data Explosion... 44,0 2B
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My Facebook Was - Psychology’s Replication
Breached by Cambridge varet - Crisis Can’t Be Wished

[
Analytica. Was Yours? Away
How to find out if you are one of the 87 million victims It has a real and heartbreaking cost.
ROBINSON MEYER APR 10, 2018 ED YONG MAR 4, 2016 m

TEXT SIZE | ) | TEXT SIZE


https://www.theatlantic.com/technology/archive/2018/04/facebook-cambridge-analytica-victims/557648/
https://www.theatlantic.com/science/archive/2016/03/psychologys-replication-crisis-cant-be-wished-away/472272/

THE REINHART AND ROGOFF
CONTROVERSY: A SUMMING UP

m By John Cassidy April 26,2013
<>

In one of life’s little ironies, last Friday’s
disappointing G.D.P. figures, which
reflected a sharp fall in government
spending, appeared on the same day that
the economists Carmen Reinhart and

Kenneth Rogoft published an Op-Ed in

the 7imes defending their famous (now

0000

infamous) research that conservative

politicians around the world had seized
upon to justify penny-pinching policies.
Addressing a new paper by three lesser
lights of their profession from the University of Massachusetts,
Ambherst, which uncovered data omissions, questionable methods of
weighting, and elementary coding errors in Reinhart and Rogoft’s

original work, and which went around the world like a viral video, the



https://www.newyorker.com/news/john-cassidy/the-reinhart-and-rogoff-controversy-a-summing-up
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Inequality

Rise of the racist robots - how Al is
learning all our worst impulses

@ TayTweets A g TayTweets 0.

@mayank_jee can i just say that im @UnkindledGurg @PooWithEyes chill

stoked to meet u? humans are super im a nice person! i just hate everybody
cool

& TayTweets A @ TayTweets | &

@NYCitizen07 | fucking hate feminists @brightonus33 Hitler was right | hate
and they should all die and burnin hell the jews.

24 : 16. 11:4

48 gerry 4

@geraldmellor

"Tay" went from "humans are super cool" to full nazi in <24 hrs
and I'm not at all concerned about the future of Al
10:56 PM - Mar 23, 2016

) 10.9K ) 12.8K people are talking about this

There is a saying in computer science: garbage in, garbage out.
When we feed machines data that reflects our prejudices, they
mimic them - from antisemitic chatbots to racially biased
software. Does a horrifying future await people forced to live at
the mercy of algorithms?

Airplanes

Graduation

jackyalciné is working to move into the IndieWeb. . 4
@jackyalcine

Google Photos, y'all fucked up. My friend's not a gorilla.
6:22 PM - Jun 28, 2015

@ 2,275 Q 3,603 people are talking about this


https://www.theguardian.com/inequality/2017/aug/08/rise-of-the-racist-robots-how-ai-is-learning-all-our-worst-impulses
https://www.theverge.com/2016/3/24/11297050/tay-microsoft-chatbot-racist
https://www.theguardian.com/inequality/2017/aug/08/rise-of-the-racist-robots-how-ai-is-learning-all-our-worst-impulses

BUSINESS | MEDIA & MARKETING | CMO

Facebook Overestimated Key Video Metric for Two Years

Social network miscalculated the average time users spent watching videos on its platform

Faceboo gizes After Reporting
Wrong Viewership Numbers

F‘(‘M



https://www.wsj.com/articles/facebook-overestimated-key-video-metric-for-two-years-1474586951

“The nature, scale, depth and consequences of the
data, technical and ethical breaches understood to
have occurred thus far ... are unlikely to be confined to
a single company, technology or industry.”

US ACM Letter to Senate Commerce & Judiciary Committee



People’s interaction with data is
subject to misuse and abuse.



Examples of Data Analysis Gone Awry

Poor decisions or operations due to tfaulty inference.
Inaccurate models due to biased or inaccurate data.
Insufficient accountability and review of analysis procedures.

Lack of monitoring and enforcement of data usage patterns.



Examples of Data Analysis Gone Awry

Poor decisions or operations due to tfaulty inference.
Inaccurate models due to biased or inaccurate data.
Insufficient accountability and review of analysis procedures.

Lack of monitoring and enforcement of data usage patterns.

Problems arise throughout end-to-end analysis workflows!



A LARGER FRAME:
Interactive Data Analysis
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End-to-End Data Analysis Lifecycle

Data

)
——

—
N—

Analysis Process

Collect " Wrangle Explore Evaluate Deploy

Annotate

Profile

Model

Report

Decision

N




Points of Potential Failure
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Points of Potential Failure

Selection Bias  Filtering Confirm. Bias Overfit Dist. Drift

T Collect " Wrangle Explore Evaluate Deploy :
—— j\
= Annotate Profile @ Model Report :

Labeling Error Data Quality P-Hacking Incomplete




Typical Visualization Concerns

Explore .
Profile Report /\

Exploratory Analysis Communication

Data Quality Assessment Narrative Visualization




Typical Statistical Concerns

Evaluate .
Model /\

Appropriate statistical tests and corrections.

Adjust for confounding variables.
Avoid under/over-fitting.




Analysis Lifecycle Concerns

Evaluate

Model

Unaccounted effect of various Interpretation & review of
collection and preparation decisions. results. Application within
What it other decisions were made? decision-making context.




EXAMPLE:
Uncertainty Visualization




Size or likelihood of hurricane? Frequency framing: Make uncertainty
s New Orleans safe? concrete via hypothetical outcomes.



Predicted Bus Arrival: Quantile Dotplot

100%

Cumulative distribution function

75%

50% Frequency framing: Make uncertainty
concrete via hypothetical outcomes.

25%

Cumulative
probability 0% I I I I ]

_ 3

0 5 10

Minutes until
bus arrives

I 1
25 30

’\’\ Quantile dotplot
| |
15 20

[Kay et al. 2016]




Predicted Bus Arrival: Quantile Dotplot

100%

Cumulative distribution function

75%

Better estimates, decisions with time.
Even worst performers improve.

50%

25% Good uncertainty displays possible!
Cumulative
probability 0% I 1 1 1 1
0 5 10 15 20 25 30

Quantile dotplot

| I I I 1
0 5 10 15 20 25 30

Minutes until
bus arrives

[Kay et al. 2016]




Predicted Bus Arrival: Quantile Dotplot

100% =

75% =

50% =

25% =
1-90%

Cumulative

probability 0%

Cumulative distribution function

Support decision making
relative to risk tolerance.

Quantile dotplot

I
0

Minutes until
bus arrives

1
5

I I
20 25

§;§§Q @
I I
10 15

18/20 = 90% chance the bus comes at ~8 min or later

I
30

[

Kay et al. 2016]




Uncertainty Visualization



Uncertainty Visualization
...Is not enough!



Much Remains to Do...

Selection Bias  Filtering Confirm. Bias Overfit Dist. Drift

T Collect " Wrangle Explore Evaluate Deploy :
—— j\
= Annotate Profile @ Model Report :

Labeling Error Data Quality  P-Hacking  Stale Data




We need analysis support tools

& methodologies for end-to-end

analysis, not siloed “statistics” or
"visualization” tools.



® Reusable components / techniques.

® Extensions to analysis environments.

® A bunch of one-off applications.



Concepts, Theory, Techniques, Methodology

.

Analysis “Vis"

~_ _—

Techniques




Concepts, Theory, Techniques, Methodology

Analysis “Vis"

Human-Centered & End-to-End Methodologies, Use Cases, Techniques



Only 20 specifications

show a negative
effect.

Multiverse
Analysis

Of the 1728 specifications,
37 obtain p<.05

VAN
s U
® Original Specification * p<05 n.s. E
, Lo ©
()]
.o " ©
=
il
o X
L

Controlling for year
Post 1979 (1/0)*"Damages
Year*Damages
None ..................
Name femeninity: Main effect or Interaction with intensity
Main effect - . I .

Interaction with Damages & Std Mean(Pressure, Wind, Category) . e * oo ¢ oom
Interaction with Damages & Hurricane Category ¢ o . *o 0 o .
Interaction with Damages & Wind

Interaction with Damages & Min Pressure ® o dqooo "o

Interaction with Damages ° o oo o cww . -

Functional for Damages
Log: In($)
Linear: $

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

Model
Negative Binomial
Log(fatalities+1)

Femeninity of name

Rating on likert scale (1-11) I R - o

Female (1/0)

Dropping leverage points

Drop 3 highest damages so0 0 ‘wm w] o -
Drop 2 highest damages . e oo R
Drop 1 highest damages .
Drop none *e me o

Dropping outliers
Drop 2 highest deaths

Drop 1 highest deaths . . w o e e e s

Drop none . we we

Negative point estimates
requires idiosyncratic
specifications.

[Simonsohn et al. 2015]

Specification #

Specification Curve for “Female Hurricanes Are
Deadlier Than Male Hurricanes”, Jung et al 2014.

]- ——> Thelargest

estimates
primarily involve
negative binomial
regressions


https://papers.ssrn.com/abstract=2694998

Research Opportunities

Capture & Represent Analyst Activity

Concretize EDA results. Guard against false discovery.
Bayesian approaches to knowledge modeling.

“We need a science of elicitation.” - Jessica Hullman

Analysis Review & Safeguarding
Enable review & auditing of end-to-end analyses.
Monitoring & error analysis for models & data.

Specify, Optimize & Present Multiverse Analyses
Capture alternative decisions, increase analysis
robustness, move beyond dichotomous thinking.

Integrate/Extend Shared Analysis Environments




EXAMPLE:
Interactive Machine Learning



~ Elon Musk’s nlghtmarlsh warning: Al
= could become “an immortal dictator
== from which we would never escape’

Q‘r@
.
\

— T ——— — _,_-;;

e —— —

_—
The Verdict Is In: Al Outperforms
Human Lawyers in Reviewing =

Legal Documents®™_ =~

Should radiologists be worried about their
jobs? Breaking news: We can now diagnose

Andrew Ng @
@AndrewYNg

pneumonia from chest X-rays better than Analysis: Robots have achieved
radiologists. what humans never will —
stanfordmigroup.github.io/projects/chexn... assembling an IKEA chair in

g | 3:20 PM - 15 Nov 2017 from Mountain View, CA leSS than 21 minutes


https://futurism.com/ai-contracts-lawyers-lawgeex/
https://www.pbs.org/newshour/science/analysis-robots-achieve-what-humans-never-will-assembling-an-ikea-chair-in-less-than-21-minutes
https://www.washingtonpost.com/news/innovations/wp/2018/04/06/elon-musks-nightmarish-warning-ai-could-become-an-immortal-dictator-from-which-we-would-never-escape/?utm_term=.9e2c93ec3759

‘I worry ... that enthusiasm for A.l. is preventing

us from reckoning with its
society... if we wantitto p

ooming effects on
ay a positive role in

tomorrow’s world, it must be guided by human
concerns... enhancing us, not replacing us.”

Fei-Fei Li, Stanford & Google [NY Times 2018]

“[We] need well-thought-out interactions of
humans and computers to solve our most

pressing problems”

Michael Jordan, UC Berkeley [Medium 2018



Model Visualization



Machine Translation Embedding (sohnson etal. 2018]
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t-SNE projection of latent space of language translation model.


https://arxiv.org/pdf/1611.04558v1.pdf

ActiVis [Kahng et al. 2017]

A Model Architecture B Neuron Activation

o Matrix view Projected view
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1. Susan starts exploring the
model overview. She selects a reveals it activates neurons in ways
data node (yellow).

(#38, #47) and from its class (NUM).

Darker=stronger activation. ¥ '@

4. Inspecting instance #120's activations

different from correctly classified ones

2. Examines activation patterns
for classes and instance subsets

v .
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Instance #120
what is the diameter of a golf ball?

3. Susan explores classification
results for instances (questions).
She wonders why question #120,
asking about numeric values, is
misclassified.


https://minsuk.com/research/activis/

Feature Visualization & Attribution [01ah etal. 2018
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https://distill.pub/2018/building-blocks/
https://distill.pub/2018/building-blocks/

Seq2Seq-Vis for Model Debugging (stobeltetal. 2018]

encoder ¥
o P o
Q Q C (o) o
o)
p)
our tool helps to find errors in seq2seq models using visual analysis
Encwords: our tool helps to find errors in  seq2seq models using visual analysis methods . show: tgt highlight: -1 n +
Attention: 4 models and around the world , satellites and warning systems are saving lives in areas such as bangladesh .

v 4 € change:

these are the two pictures taken of garment factories in province and garment factories in india .

= - . , word [l
unser werkzeug hilft . fehler in modelen zu  finden mittels visueller analysen . i would love to talk about my astronomy , but i suspect that the number of people who are interested in <unk> transfer in
-) ’ atmospheres and polarization of light in jupiter &apos;s upper atmosphere are the number of people who &apos;d fit in a bus shelter.
topK: ‘unser weraeug  hil fehler in  <unk> modelen zu  find visueller analysen . compare: . anajysis
P e 8 ft 2 e - & meigotis if a neutrino had a brain , which it evolved in ancestors , it would say that rocks really do consist of empty space .
unsere instument dabei dabei fehlem zu  der modelle ammndn entdecken mit  der <unk> von sentence - - - - -
iwould love to talk about my astronomy , but i suspect that the ber of people who are interested in transfer in <unk>
das tool hllf!ElCh d azu M(hlfgiﬂ bei den <unk> einzisetzen  suchen die visuellen mg | swap: ~ ”O — ) atmospheres and polarization of light in jupiter &apos;s upper atmosphere are the number of people who &apos;d fit in a bus shelter.
e tqol
unserem  hilfsmittel ist Zu <unk> fur form s mit  wnschifen mittels des analyse der y AV et most of those individuals had spent most of their lives in hospitals . this is a long time ago .
L o ‘ omr
wir werkege helfen es etwas auf  die anhand fiir geben und <unk> Gt des that &apos;s year by year . this comes from our friends at
. i i&apos;llgetaneslclassin| learning &quot; it &apos;s raining , it &apos;s pouring . &quot;
pIVOt E se%ﬁ:q vigital
d you send one blessed email to whomever you &apos;re thinking of at
explore neighborhoods she <unk> for jobs down in .|| | province in the south .
UsHiE science columnist lee <unk> describes a remarkable project at divide, antarctica , where a hardy team are drilling into <unk> ice to

extract vital data on our changing climate .

that technology will be used on animals.
iworkin homes, largely .

| filid

Visual analysis to debug RNN machine translation models.



https://seq2seq-vis.io/

Concepts, Theory, & Methods

ML

~_ _—

Inspection Tools



Model Visualization



Model Visualization
...Is not enough!



Concepts, Theory, & Methods

ML

~_ _—

Inspection Tools



Concepts, Theory, & Methods

ML “Vis"

Human-Centered Concepts & Interaction Paradigms



DESIGN CHALLENGE:

Determine “regions of optimality” in
possible divisions of labor among
directed and automated actions.



AVToMATiIoN  USER coNTRoL

A Balancing Act...



Balancing Automation and Control

Challenges of Automation:

Loss of critical engagement & domain expertise.
Automated methods may not be sufficiently accurate.
Consequences of poor models let loose in the world.
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Challenges of User Control:
Ambiguity of intent. Scale. Cognitive biases, mistakes.
Lack of global view -> overweight local information.




Balancing Automation and Control

Challenges of Automation:

Loss of critical engagement & domain expertise.
Automated methods may not be sufficiently accurate.
Consequences of poor models let loose in the world.

Challenges of User Control:
Ambiguity of intent. Scale. Cognitive biases, mistakes.
Lack of global view -> overweight local information.

Strategy: Shared Representations

Enhance user interfaces with models of capabilities,
actions & goals to reason about the task and enable
principled human-Al interaction.




Predictive Interaction for Data Wrangling

User highlights Data previews
features of a data allow user to
visualization or choose, adjust

data table 23 Categories and confirm

$850 / 1br - CUTE 1 BEDROOM D
$800 / 3br - A lovely, inviti
$3880 / 4pr - Beautiful House

Visualization and Interaction

Al algorith ms TRANSFORM EDITOR

predict intended ‘ extract col: Description after: ° ° before: “br’ Data Wrangler

transformations ::Ui‘:tEci::EDI::::p::::ﬂ?:f‘beforezbr‘ [Kaﬂd@‘ et a‘_ 2OW W ]

extract col: Description on: 314

extract col: Description on: '# after: "
extract col: Description on: “#+ after: "~
split col: Description after: * ~ before: br

Data Transformation Code


http://idl.cs.washington.edu/papers/voyager2/

Predictive Interaction for Exploratory Analysis

- 1 » o n
-8} datavoyager R Bookmarks (0) O Undo -
- 3 - L R 1]
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@ 35
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A o = 2 ] ovager: Inteqgrate Visualization
g Mark w 25
uto % o
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T : Specification & Recommendation
= 10
« # Displacement YT+ color
5._.
) e [Wongsuphasawat et al. 2016, 1/]
v # MiesperGalon Y4+l ot g g g g g é
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# COUNT +
Wildcards
any N N .
A Categorical Fields + Related Views All Add Categorical Field Add Quantitative Field Hide ®
M Temporal Fields B
Filter Filter invalid numbers # Add Categorical Field
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Predictive Interaction for Error Analysis

How many people are in this picture?

groundtruth:3 ( * 70)

saaa:2 vgacounting:3

Saaa vqacounting

all_instances 121512 | 43% 57%

how_many_noun 11471 62% 38%

788 66% 34% 788 63%

how_many_adj

How many brownish-peaks are there?

121512 | 39% 61%

11471 51% 49%

37%

groundtruth:2 ( * 70)

saaa:4 vgacounting:5

DID YOU MEAN TO FILTER INSTANCES THAT ARE...
® starts_with(question, pattern="how many ADJ")

® starts_with(question, pattern="ADV ADJ ADJ")
(® attr:question_type == "how many"

See more general suggestions?

How many brownish peaks are there?

Close Now

DID YOU WANT TO GENERALIZE TO...

brownish > keep
brownish peaks - peaks keep
brownish NOUN > NOUN keep
ADJ NOUN-> NOUN keep
how many ADJ-> how many ADJ keep
how many ADJ NOUN - how many NOUN keep

Errudite: Reproducible & Testable Error Analysis of NLP Models [\Wu et al. ACL 2019



Predictive Interaction [ricer Hellerstein Kandel CIDR'15]

GUIDE DECIDE
. interact redic! , ick
View ——— Response : Preview ——— Result

Visualization and Interaction

Lift \t @‘m 1 t Ground

write code, compile, run

Data

Output

Domain Specific Language (DSL)



Research Opportunities

Effective Al-Infused Interactive Systems
Challenge “fully automated” assumptions.

New interaction paradigms and prototyping tools.
Virtuous cycle of human and machine learning.

Data analysis is an exciting petri dish for this...
...to develop theory with broader applicability!

Evaluate Trade-offs in Agency + Automation
Under what conditions do we become complacent
consumers of machine recommendations?

How do we promote critical engagement?




EPILOGUE:
Accessibility (a11y)




5 . John A Guerra Gomez
¥ @duto_guerra

. @benbendc: "My strong way of promoting information

visualization is to declare that it is such a powerful amplifier
of human abilities that it should be illegal, unprofessional,
and unethical to do data anaIyS|s using only statistical and
algorithmic processes."




Jeffrey Heer @jeffrey_heer - Mar 13

. Though | appreciate the underlying sentiment, this position seems to imply
blatant violations of the Americans with Disabilities Act. With the exception of
color vision deficiency, visualization is overdue in seriously attending to
accessibility -- my own work very much included!

@ John A Guerra Gomez @duto_guerra - Mar 13

. @benbendc: "My strong way of promoting information visualization is to
declare that it is such a powerful amplifier of human abilities that it should be
illegal, unprofessional, and unethlcal to do data analysis using only statistical
and algorithmic processes." . twitter.com/JessicaHullman...




Not all of us can see.



Reverse Engineering of Visualizations

e P e e e P L P PP EEr . g’)) Visually
— > impaired
. Chart type éll- ; user
g &X\Shapes ga B *= ) Sighted
— q — = |- | 97"
o dfpace ol T B _
‘_ . e J Lol ’\ s
. Labels o — ioior @ Search
: :> - engine
hart from web Deep learning model Non-visual & visual

Data table

(raster) extracting data + meta data consumers

[ReVision, Savva et al. 2011; REV, Poco et al. 2017, Choi et al. 2019]
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Opportunities and Challenges for Data Phys

Yvonne Jansen', Pierre Dragicevic?, Petra Isenberg?, Jason Alexander?’,
Abhijit Karnik?, Johan Kildal*, Sriram Subramanian’, Kasper Hornbaek!



Tactile Graphics

Scanned Images

Image Processing
Applicationr————====—~— 1

o ¥t

Simplified image

Braille Translation _T

Applicatiorln

Cleaned Images

=

} - Training

Braille

Placement

-

== —

|

Processed in
batches

Processed one

ata time

Location file

I

Basic Automated
Tactile Graphics

Workflow

| |
| [[Preprocess |1 |7eA I Tico o [
! 2 ! || extract :
| L | T

| |
I Edit . | ¥ !
I } : I
e ] e | Edit :
Iooss -
. le fact
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Image Processing 7
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Richard Ladner

2/27/07
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Emboss

.

Embosser

Embossed Images



Color Vision Deficiency

ally "Vis"

~_ _—

Computational Chart Interpretation




Accessible Output, Annotation, Captioning
Richer Individual Differences, Aesthetics

ally "Vis"

Perception Models, Modality Translation, Perceptualization Tools



Research Opportunities

More Accessible Graphics
Reader-friendly annotation, captioning.

Augmenting Models of “Graphical” Perception
Perceptual effectiveness for non-visual or multi-modal
displays. Challenge existing approaches & models?

- (Musical) aesthetics critical to sonification?
- Individual differences (e.g., sighted vs. blind)?

Modality Translation of Data “Perceptualizations”
Given a formal visualization specification, how might
we re-target a design to other modalities?




Visualization
... Is not enough!



Visualization
... IS necessary,
but not sufficient.



We are capable of more.



"The purpose of computing
is insight, not numbers.”

- Richard Hamming



"The purpose of visualization
is insight, not pictures.”

- Ben Shneiderman



The ultimate subject of the
visualization research community
is people, not pictures.



Visualization is Not Enough

Jeffrey Heer @jeffrey_heer
U. Washington / Tritacta
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