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Announcements

Final Project Prototype due tomorrow.
No class Wed and Fri (happy Thanksgiving!)

Final Project Demo Video due next week Tues
FAQS:

1. Why is the demo video due next week (before we've even
finished our final projects)? To make your demo video, your
final project doesn’t need to be 100% working. Just show the
20% that 1s working well! We want you to start thinking
seriously about your project story.



A peek behind the curtain:
demo videos
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from Bi1o.Seq import Seq
my_dna = Seq(A)
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Looks sophisticated, but really I'm just erasing ALL
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Making a cool demo video

Starting state

l \ Sad paths @

Scroll Drag filter slider (breaks!)

Click on point

Scroll (breaks!)

Click on point (breaks!)

Drag filter slider

—1 |You only need to show happy
Happy path © path in your demo video!



How to ace your final project



Component Excellent

Web page URL,
video URL, and
Repo
Hook
The project tells a
compelling story. It follows
the and-but-therefore
Storytelling structure and also
incorporates elements of
surprise, personalization, or
emotion. (+3 points)
The project visualizations do
not violate the
, expressiveness criteria and
Visual , ,
) the design choices (marks
Encodings

and encoding channels) are
clear, evocative, and
effective. (+3 points)

Satisfactory

The web page is publicly viewable
on GitHub pages, the project video
is linked (or embedded) within the
web page, and the repository is
publicly available. (+1 point)

The project opens with a hook — an
interesting research question or
attention-grabbing statement. (+1
point)

The project tells a story - it follows

the and-but-therefore structure. (+2

points)

The project visualizations do not
violate the expressiveness criteria,
but another set of design choices
(marks and encoding channels)

could have been more effective (e.g.

using the area visual channel
instead of position when possible).
(+2 points)

Poor

The submitted web page URL,
project video, or repository URL is
broken. (+0 points)

The project doesn’t open with a hook
(e.g. it immmediately shows a
visualization without explanation).
(+0 points)

The project does not tell a story (e.g.
it doesn’t follow the and-but-
therefore structure or something
similar). (+1 point)

The project visualizations violate the
expressiveness criteria (e.g. heavy
overplotting, encodings that imply
incorrect readings, etc.), and these
violations are not addressed using
the available interactions (e.g.
overplotting that cannot be filtered
or zoomed into). (+1 point)



Component Excellent

Web page URL,
video URL, and

Repo
Hook
The project tells a
compelling story. It follows
the and-but-therefore
Storytelling structure and also
incorporates elements of
surprise, personalization, or
emotion. (+3 points)
The project visualizations do
not violate the
) expressiveness criteria and
Visual , ,
) the design choices (marks
Encodings

and encoding channels) are
clear, evocative, and
effective. (+3 points)

Satisfactory

The web page is publicly viewable
on GitHub pages, the project video
Is linked (or embedded) within the

web page, and the repository is

publicly available. (+1 point)

The project opens with a hook — an
interesting research question or
attention-grabbing statement. (+1
point)

The project tells a story - it follows
the and-but-therefore structure. (+2
points)

The project visualizations do not
violate the expressiveness criteria,
but another set of design choices
(marks and encoding channels)

could have been more effective (e.g.

using the area visual channel
instead of position when possible).
(+2 points)

Poor

Most common mistake:
no video linked In

webpage

The project doesn’t open with a hook

(e.g. it immmediately shows a
visualization without explanation).
(+0 points)

The project does not tell a story (e.q.

it doesn't follow the and-but-
therefore structure or something
similar). (+1 point)

The project visualizations violate the
expressiveness criteria (e.g. heavy
overplotting, encodings that imply
incorrect readings, etc.), and these
violations are not addressed using
the available interactions (e.g.
overplotting that cannot be filtered
or zoomed into). (+1 point)
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Component

Web page URL,
video URL, and
Repo

Hook

Storytelling

Visual
Encodings

Excellent

The project tells a
compelling story. It follows
the and-but-therefore
structure and also
incorporates elements of
surprise, personalization, or
emotion. (+3 points)

The project visualizations do
not violate the
expressiveness criteria and
the design choices (marks
and encoding channels) are
clear, evocative, and
effective. (+3 points)

Satisfactory

The web page is publicly viewable
on GitHub pages, the project video
Is linked (or embedded) within the
web page, and the repository is
oublicly available. (+1 point

The project opens with a hook — an
interesting research question or

attention-grabbing statement. (+1

point)

The project tells a story - it follows
the and-but-therefore structure. (+2
points)

The project visualizations do not
violate the expressiveness criteria,
but another set of design choices
(marks and encoding channels)

could have been more effective (e.g.

using the area visual channel
instead of position when possible).
(+2 points)

Poor

The submitted web page URL,
project video, or repository URL is
broken. (+0 points)

Most common mistake:

straight into visualization
without hook

The project does not tell a story (e.q.

it doesn’t follow the and-but-
therefore structure or something
similar). (+1 point)

The project visualizations violate the
expressiveness criteria (e.g. heavy
overplotting, encodings that imply
incorrect readings, etc.), and these
violations are not addressed using
the available interactions (e.g.
overplotting that cannot be filtered
or zoomed into). (+1 point)

11



Component

Require “surprise, personalization, or emotion” for
webpage urL, |[EXCellent.

video URL, and
Repo

See Narrative lecture for ideas.

oo Missing and-but-therefore? Score capped at Poor!
The project tells a
compelling story. It follows , , The project does not tell a story (e.g.
the and-but-therefore The project tells a story — it follows + doesn't follow the and-but-
Storytelling structure and also the and-but-therefore structure. (+2 therefore structure or something
iIncorporates elements of points) similar). (+1 point)
surprise, personalization, or
emotion. (+3 points)
The project visualizations do The project visualizations do not The project visualizations violate the
, violate the expressiveness criteria, expressiveness criteria (e.g. heavy
22;:22::;:2:8 criteria and but another set of design choices overplotting, encodings that imply
Visual the design choices (marks (marks and encoding channels) incorrect readings, etc.), and these
Encodings and encoding channels) are could have been more effective (e.g. violations are not addressed using
. using the area visual channel the available interactions (e.qg.
clear, evocative, and instead of position when possible). overplotting that cannot be filtered

effective. (+3 points) _ _ ,
(+2 points) or zoomed into). (+1 point)



Component Excellent Satisfactory Poor

The web page is publicly viewable

Web page URL, on GitHub pages, the project video The submitted web page URL,
video URL, and Is linked (or embedded) within the project video, or repository URL is
Repo web page, and the repository is broken. (+0 points)

publicly available. (+1 point)

The project opens with a hook — an The project doesn't open with a hook
interesting research question or (e.g. it immediately shows a

Hook attention-grabbing statement. (+1 visualization without explanation).
point) (+0 points)

As always, will grade on visual encodings. Avoid

sonyteting  jOVErplotting, use appropriate channels, bin your
colors, etc.

emotion. (+3 points)

_ , o The project visualizations do not The project visualizations violate the
The project visualizations do , , o , o
. violate the expressiveness criteria, expressiveness criteria (e.g. heavy
not violate the , , , , ,
, o but another set of design choices overplotting, encodings that imply
, expressiveness criteria and , , ,
Visual _ , (marks and encoding channels) incorrect readings, etc.), and these
) the design choices (marks _ o ,
Encodings could have been more effective (e.g. violations are not addressed using

and encoding channels) are

. using the area visual channel the available interactions (e.qg.
clear, evocative, and

instead of position when possible). overplotting that cannot be filtered
(+2 points) or zoomed into). (+1 point)

effective. (+3 points)




Interaction

Annotations

Takeaways

Viewing
experience

The interactive elements of
the project are polished,
bug-free, and enable the
reader to discover
Interesting patterns in the
data or the concept being
explored. (+3 points)

Interactions?

Similar to Project 3: do
your interactions that isn’t possible without the

The interactive elements of the

project are functional and enable
The plot would have been

the reader to discover interesting

_ substantially more effective as a
patterns, but a static plot (perhaps _ , _ _
, , , static plot without the interaction; or,
with a different encoding) could , , _
the interaction has major bugs that
have conveyed the same ,
, T _ preclude use. (+1 point)
information just as effectively. (+2

points)

we learn something new from

dKkeadWdy dhnd explains wny your

L _ ends with a takeaway message but
AL (eI =1l & a

First question to answer 1s: What is interesting about

your data? (Not: what is interesting about your
Interactions?)

The project is easy to view: all _ S ,
. o The project is difficult to view (e.g.
Images are clearly visible and all _
, _ , some images and text are too small
text is legible on a typical laptop .
, , to see clearly). (+0 points)
screen size. (+1 point)
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Interaction

Annotations

Takeaways

Viewing
experience

The interactive elements of
the project are polished,
bug-free, and enable the
reader to discover
Interesting patterns in the
data or the concept being
explored. (+3 points)

Common mistake: lots of plots, no annotations on

The interactive elements of the
project are functional and enable
the reader to discover interesting
patterns, but a static plot (perhaps
with a different encoding) could
have conveyed the same
iInformation just as effectively. (+2
points)

The visualizations contain helpful

annotations (e.g. text, coloring,

shading) that draw attention to
interesting findings. (+1 point)

plots themselves

JIE o dl evelvyVorlilic DUIU 1Ec

from your project? And why does
your project succeed at explaining
It? (+2 points)

The project is easy to view: all
Images are clearly visible and all
text is legible on a typical laptop
screen size. (+1 point)

The plot would have been
substantially more effective as a
static plot without the interaction; or,
the interaction has major bugs that
preclude use. (+1 point)

The visualizations contain no
annotations. (+0 points)

focuses too much on the
implementation of the visualization).
(+1 point)

The project is difficult to view (e.qg.
some images and text are too small
to see clearly). (+0 points)
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Interaction

Annotations

Takeaways

Viewing
experience

The interactive elements of
the project are polished,
bug-free, and enable the
reader to discover
Interesting patterns in the
data or the concept being

knowledge (e.g. "there are lots of forest fires, so we
should support firefighters")

The interactive elements of the
project are functional and enable
the reader to discover interesting
patterns, but a static plot (perhaps
with a different encoding) could
have conveyed the same

information just as effectively. (+2

Common mistake: takeaway that Is common

-

The project ends with an interesting
takeaway and explains why your
visualization demonstrates this
takeaway effectively. What is the
one thing that everyone should learn

from your project? And why does

your project succeed at explaining
It? (+2 points)

The project is easy to view: all
Images are clearly visible and all
text is legible on a typical laptop
screen size. (+1 point)

The plot would have been
substantially more effective as a
static plot without the interaction; or,
the interaction has major bugs that
preclude use. (+1 point)

The project is missing a takeaway, or

ends with a takeaway message but
the presentation could be improved
(e.g. the takeaway isn't surprising, or
focuses too much on the
Implementation of the visualization).
(+1 point)

The project is difficult to view (e.qg.
some images and text are too small
to see clearly). (+0 points)
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Interaction

Annotations

Takeaways

Viewing
experience

The interactive elements of
the project are polished,
bug-free, and enable the
reader to discover
Interesting patterns in the
data or the concept being
explored. (+3 points)

Common mistake: fonts too small, images blurry

The interactive elements of the
project are functional and enable
the reader to discover interesting
patterns, but a static plot (perhaps
with a different encoding) could
have conveyed the same
information just as effectively. (+2
points)

The visualizations contain helpful
annotations (e.g. text, coloring,
shading) that draw attention to
interesting findings. (+1 point)

The project ends with an interesting
takeaway and explains why your
visualization demonstrates this
takeaway effectively. What is the
one thing that everyone should learn

aa AN a¥a ~

The project is easy to view: all
Images are clearly visible and all

text is legible on a typical laptop

screen size. (+1 point)

The plot would have been
substantially more effective as a
static plot without the interaction; or,
the interaction has major bugs that
preclude use. (+1 point)

The visualizations contain no
annotations. (+0 points)

The project is missing a takeaway, or
ends with a takeaway message but
the presentation could be improved
(e.g. the takeaway isn't surprising, or
focuses too much on the

The project is difficult to view (e.qg.
some images and text are too small
to see clearly). (+0 points)
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Uncertainty




Vote margin What is being

'12

VI T visualized?

What are the strengths

’ and weaknesses of this
b visualization?

O tryclassbuzz.com
Clinton +0 6 Code: needle

FORECAST, in pc



http://tryclassbuzz.com

Vote margin
'12

Clinton +0.6

FORECAST, in pct. points

(gobsmacked)
@nv.-l._.. | ey | PR

Danielle Rosen
' @Daniel_Rosen - Follow

The NYT needle jittering is going to be in my nightmares no
matter what happens tonight.

’}g
I'm taking
damn NY
10:08 PM -
02 ¢

10:00 PM - Nov 8, 2016

OZO@

Paul D. Shinkman &
@PDShinkman - Follow

L

®

Has @nytimes caught on to Dems' election-night hair-

greying freakout?

Heads-up: Forecasts may be
become more trustworthy on

Our best guess right now is tha
estimates of three key indicato:

Presidency

/

&
/

R RELY &~
MESY LIRELX ©

66% Trump

F

10:03 PM - Nov 8, 2016

® P Repy IS

&

¥

Alp Toker € - Nov 8, 2016
@atoker - Follow

Looking for trends in @nytimes's presidential forecast needle?
Don't look too hard - the bounce is random jitter from your PC, not

live data

lency

Network Timeline Profies Application Security

S 70cto, . pan-abc-rogion  QENea-mans x

range_@5 = range @5 « cdamping +
range_25 = range_25 = damping +
range_75 = range_75 = damping +
range_95 = range_95 = dasping +

Clinton +3.3

range_05_tgt
range_25_tgt
range_75_t9t
range_95_tgt

Watch on Twitter

L

; Ains

* (1-damping);
* (1-damping);
= (1-damping);
= (1-damping);

278 Clinton

O A~ 3

» Watch

v Cal Stack

var Jitter = QITTER.get(jit_id) « jitter range = 2.5 « (eln_foreca _ Scope

/f At (opts.class

umnmle.aur('twnuom', ‘scale('+scales’) rotatel'sanglelcur_val
i1 (opts.colors) {

@gka@vis.social
@driven_by_data - Follow

i= "Gom’') Jitter] e= ~];

v Breakponts

03

% O

i X

not just random. this noise is conveying the uncertainty in
our forecast (jitter range is from 25th-75th pctl in sims.)

10:01 PM - Nov 8, 2016

¥ 33

@® Reply 1, Share

Read 5 replies

®



THE UPSHOT Who Will Win Super Tuesday? Live Estimates of Tonight’s Final Republican Delegate Count

TheUpshot Live Models

Who Will Win Super Tuesday?
Live Estimates of Tonight's Final
Republican Delegate Count

By AMANDA COX, JOSH KATZ and KEVIN QUEALY MARCH 1, 2016
LAST UPDATED AT 3:05 AM ET Median estimate.
242 delegates
|
Donald J. Trump (W

217 delegates
|
Ted Cruz

110 delegates
Marco Rubio (:-) &)

20 delegates
|
John Kasich (]

3 delegates
|
Ben Carson

[ | | | [ |
0 50 100 150 200 250

We're simulating the number of delegates each candidate will pick up on
Super Tuesday. The dots above represent a range of possible outcomes.

What Is being visualized?

What are the strengths
and weaknesses of this
visualization?

How does it compare to
the needle?




Live Presidential Forecast

Chance of Winmng Presidency ; 2 Llectoral votes



https://www.youtube.com/watch?v=0L1tGo-DvD0

Uncertainty

What does it mean?

How should | visualize 1t?

23



Uncertainty

What does it mean?



Uncertainty

What does it mean?

Doubt
Risk
Variability

Error

Lack of knowledge
Hedging

etc...
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Sources and Types of Uncertainty

Visualization
U U
A I
—

%: q y\\///\?
? ) ﬁ F A
Data / Kjé?
TN/

Collect Derive Visualize

Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.



Sources and Types of Uncertainty

Measurement Uncertainty

How and how much should we sample the data?

Collect Precision Accuracy

PPPPPP ittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.
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Sources and Types of Uncertainty

Measurement Uncertainty

How and how much should we sample the data?

vy

Data §

Collect Precision Accuracy

Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.
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Sources and Types of Uncertainty

Model Uncertainty

How does the data fit together?

v

Test statistics

—» Sample —» 9

) Population | : | 9 Confidence

)) o Interval
Ay
—p Sample —p 9

Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.
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Sources and Types of Uncertainty

Visualij Decision/Forecast Uncertainty
O 4 How do | assess the risk or error?
07 o
—

O
=y — -

Or

\
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Sources and Types of Uncertainty

Visualij Decision/Forecast Uncertainty
O 4 How do | assess the risk or error?
07 o
—

O :
“/ ¢ ¢g ¢ U

Of

\
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Sources and Types of Uncertainty

Visuali Decision/Forecast Uncertainty
O 4 How do | assess the risk or error?
O
07 é}\

© -

g ¢ U

\

Type |

False

)) ?/ _ Positive
. ;

>_—4
-
Visualize e

Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.
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Sources and Types of Uncertainty

Visuali Decision/Forecast Uncertainty
O 4 How do | assess the risk or error?
O
07 Lo\

O -
- Jd g ¢ \_/
—_ Jd¥¢
=) an Type |
j J - False
)) A i Positive
~
?’ Type lI
> @ False -
Visualize Negative _—r—

Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization, 1997.



Uncertainty

What does It mean? Lots of things!



Uncertainty

How should | visualize 1t?
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Consumer

Corporate

Home Office
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Trial of new medicine

100

paJanooal oym ajdoad Jo abejusolad

Treatment

Placebo
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100

~
)

Percentage of people who recovered
N @)
O o

Trial of new medicine

Placebo Treatment

What do you think these error
bars are implying?

tryclassbuzz.com
Code: errorbars
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http://tryclassbuzz.com

100

~
)

Percentage of people who recovered
N @)
O o

Trial of new medicine

Placebo Treatment

Expressiveness?

X Error bars aren't consistently

used to visualize the same
measure (standard error, IQR,
95% ClI, etc.).
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Trial of new medicine

100

~
)

Percentage of people who recovered
N @)
O o

Placebo

[Newman & Scholl, 2012]
[Correll & Gleicher, 2014]

Treatment

Expressiveness?

X Error bars aren't consistently

used to visualize the same
measure (standard error, IQR,
95% ClI, etc.).

X Within-the-bar bias: people

perceive points falling within the
bar as more likely than those that
lie outside.
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Trial of new medicine

100

~
)

Percentage of people who recovered
N @)
O o

Placebo

[Newman & Scholl, 2012]
[Correll & Gleicher, 2014]

Treatment

Expressiveness?

X Error bars aren't consistently

used to visualize the same
measure (standard error, IQR,
95% ClI, etc.).

X Within-the-bar bias: people
perceive points falling within the

bar as more likely than those that

lle outside.

X Binary bias: people perceive
values to either be In or out of
the margins of error.
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7
cr
S
I [ J [ J
| What is being
visualized?
FL
) What are the strengths
and weaknesses of this
W - ° ° °
G visualization?
S
xico
100W 9 |
Hurricane Laura Current information: x  Forecast positions: tryc lassbuzz.com
Tuesday August 25, 2020 Center location 23.7 N 87.0 W @ Tropical Cyclone (Q Post/Potential TC C d h o
10 AM CDT Advisory 23 Maximum sustained wind 75 mph Sustained winds: D < 39 mph *
NWS National Hurricane Center Movement WNW at 16 mph S 39-73 mph H 74-110 mph M > 110 mph OQ€: U I'rl ca n e
Potential track area: Watches: Warnings: Current wind extent:

&Day 1-3 Day 4-5 Hurricane  Trop Stm  [Hurricane [l Trop Stm [ Hurricane © Trop Stm
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http://tryclassbuzz.com

T p— p— gr— p— —

1 Note: The cone contains the probable path of the storm center but does not show
% the size of the storm. Hazardous conditions can occur outside of the cone.

v

What is being
visualized?

What are the strengths
and weaknesses of this
visualization?

Hurricane Laura Current information: X Forecast positions:
Tuesday August 25, 2020 Center location 23.7 N 87.0 W @ Tropical Cyclone (Q Post/Potential TC
10 AM CDT Advisory 23 Maximum sustained wind 75 mph Sustained winds: D < 39 mph

NWS National Hurricane Center Movement WNW at 16 mph S 39-73 mph H 74-110 mph M > 110 mph

Potential track area: Watches: Warnings: Current wind extent:
&Day 1-3 Day 4-5 Hurricane Trop Stm  [Hurricane [l Trop Stm B Hurricane ~ Trop Stm
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FOXO HURRICANE IAN
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https://en.wikipedia.org/wiki/Hurricane_Dorian%E2%80%93Alabama_controversy

Five-day chance of tropical-

o Current extent of Maijor hurricane (>110 mph)

storm-force winds tropical-storm-force ® Hurricane (74-110 mph)
5 50 70 00% winds & Tropical storm (39-73 mph)
e || o‘Tropical depression (<39 mph)
All times are Eastern 7enn. - -4 2p.m. Wed.
ARK. o 7/p i Sat. ™ Show forecast track
, 7am.Sun.’ Tropical Depression Erin +
MISS ALA , /_.v’ /1, ‘1mwig
| o _etndy -
LA.

—— f&\_ Q‘)
{ouston L J

r—”

Gulf of

Mexico

/°
NSV

Belize

__% mal 51/%\

7 a.m.Fri.

7 p.m. Thu.

7 a.m. Thu.

1a.m. Thu.
~ 1 p.m.Wed.
famaica M’“\fSamB &;;;moﬁ @i urrlcane Dorian
p m: Wed

C drriz Q

Source: National Weather Service. Note: Impact lines represent the earliest reasonable arrival time

of tropical-storm-force winds.
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https://www.washingtonpost.com/weather/2019/08/28/how-hurricane-cone-uncertainty-can-be-cone-confusion-what-do-about-it/

For uncertainty, use visual variables

Instead of visualizing point estimates

Raw Data

Box-plot of the Data

Violin-plot of the Data
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For uncertainty, use visual variables
Instead of visualizing point estimates

[Correll, Moritz, & Heer, 2 018]

Y

nani

Uncertainty Map
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For uncertainty, use visual variables
Instead of visualizing point estimates

el

Households Using SNAP (%)

Bivariate Map (Data + Uncertainty)| | Value-Suppressing Uncertainty Map

[Correll, Moritz, & Heer, 2018]

|
7
i
WK
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For uncertainty, use visual variables
Instead of visualizing point estimates

100

A

7/ -

b (

JEDD::: |

E

[Wood et al., 2012]
[Boukhelifa et al., 2012]
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https://www.gicentre.net/handy/

"Set of draws" technique

Bus Timeline 100%- _ _
/// Cumulative distribution
function
10 75%— /
Density /
S 50%— /
30 40 50
10 25%— /
Dotplot CU':U::];‘_WG //
(20) - probability gg) oo | | | |
"0 10 20 30 40 50
10
Dotplot ....
TR R e TP R R S
0 10 20 30 40 50
10 : Quantile dotplot
Stripeplot || | | | | I . |
(50) e T T a0 0 O 10 15 20 25 30
o Minutes until

bus arrives

[Kay et al., 2016]
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https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/

"Set of draws" technique

Bus Timeline 100%-
Cumulative distribution
10 7504— function
Densi
ty 50%—
30 40 50
10 25%—
Dotplot Cumulative
(20) veltes probability g9 :
R e B ;
10 ;
Dotplot :
R e e e R A
0 10 20 30 40 50 .:
10 .. Y Quantile dotplot
Stripeplot \ | | - r | l |
(50) 0 10 0 | 30 a0 | 50 0 _ 5_ : 10 15 20 25 30
Il Minutes until :

bus arrives

' 18/20 = 90% chance the bus

[ | .
Kay et al.. 2016] . comes at ~ 8 mins or later ”


https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/

O s

National overview «

FiveThirtyEight (2020

Biden is favoredto win the election

We simulate the election 40,000 times to see who wins most often. The sample
of 100 outcomes below gives you a good idea of the range of scenarios our

Trump wins

10 in100

+300 +200
ELECTORAL VOTE
MARGIN

model thinks is possible.

¢ | /. 89in100

+100

TIE

® Trump win ® Biden win

No Electoral College majority, House decides election

ole)
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National overview «

FiveThirtyEight (2020]

Biden is favoredto win the election

We simulate the election 40,000 times to see who wins most often. The sample
of 100 outcomes below gives you a good idea of the range of scenarios our
model thinks is possible.

Trump wins

10in100 &

+300

ELECTORAL VOTE

MARGIN

+200 +100

@ Trul
No Electoral Colle

— ELECTORAL VOTES —
Bidenv' Trump

306

232

Biden wins

89in100

tion
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https://www.dl.begellhouse.com/download/article/7d41c3a64ba14ca8/IJUQ-3966.pdf

€he New York Eimes

TheUpshot

STATISTICAL NOISE

How Not to Be Misled
by the Jobs Report

If the economy actually added 150,000 jobs last month, it would be possible to see any of these headlines:

The jobs number is just an estimate, and it comes with uncertainty.

Job Growth Dzsappointmg Slower Job
Plummets Amid Jobs Report Creation
Prospect Of New aises Economie Disappoints

Slump Worries Economists
Under 55,000 jobs 55,000 to 110,000 110,000 to 140,000

4% chance 19% chance 19% chance

Job Growth
Steady, New
Report Says

160,000 to 190,000

19% chance

Job Creation
Accelerates In
Sign Of
Economy

Improving

190,000 to 245,000

19% chance

Job Growth
Robust, Pointing
To Economy

Surging

245,000+

4% chance

3


https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0

If job growth were actually steady ...the jobs report Play  If job growth had Hheiiohsreport

1
over the last 12 months... could look like this: ) B i | Play
been accelerating... could look like this:

400k 400k

400k 400k
added added i) ed
350 350 BEn B
300 300 300 300
250 250 250 250
200 200 200 200
150 150 150 150
100 100 100 100
50 50 S0 50

O 0O
O O J FMAMJ J A S OND J FMAMJ J A S OND

J FMAMUJ JASONTD J FMAMUJ JASONTD
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https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0

R.I.

Va.

N.J.

Ore.

N.H.

Likely Democratic

O0O0OO00O0

SPIN

Hawalil

N.M.

Mass.

Del.

Minn.

lowa

QCOO0O0OO0O

Colo.

Mich.

Ark.

Ga.

Democrats: ??

Competitive

N.C.

Alaska

La.

OO0 O

OO0 O

Republicans: ??

Ala.

Wyo.

Okla.

Kan.

Tenn.

S.D.

S.C.

Miss.

Likely Republican

Okla. (S)

ldaho

Tex.

Me.

S.C. (5)

Neb.

W.Va.

Mont.

OCOO0O0OO0OO0OO

OCOO0O0OO00OLO
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http://www.nytimes.com/newsgraphics/2014/senate-model/index.html

Here’s a simulation of who could be in and who could be out if the
candidates’ averages were rounded to the nearest whole number.

If the averages are correct, but rounding is to the nearest whole number:

TRUMP BUSH WALKER PAUL RUBIO CRUZ HUCKABEE CARSON
18.0% 14.0% 11.0% 7.0% 6.0% 6.0% 5.0% 5.0%

Rounding to fewer decimal places could be welcome news for
candidates on the cusp like Mr. Santorum (who has already called the

debate rules “a miscarriage”), Mr. Kasich or Mr. Jindal.

CHRISTIE
3.0%

PERRY
2.0%

KASICH
2.0%

SANTORUM
2.0%

o1



Uncertainty

How should | visualize 1t?

Building models is
necessary to quantify
uncertainty.

It IS Important to
communicate the variability
In model outcomes.

Dynamic or ensemble
displays can help
communicate complex
models.
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Why Authors Sometimes Don't Visualize Uncertainty

A visualization expresses a signal
Authors simplify, crystallize, abstract the complexity of data.

Process validates signal
Authors decide whether process has "low enough" uncertainty.

Uncertainty obfuscates signal
Could distract, or require too much work from the reader.

Hullman, 2019

03


http://users.eecs.northwestern.edu/~jhullman/Value_of_Uncertainty_Vis_CR.pdf

Uncertainty

What does it mean?

How should | visualize 1t?

Lots of things!

It depends!

o4



Conclusion



Encoding

7N\

Users & Domain

06



Data and Image Models

Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes

. —

Position on common scale o

Position on unaligned scale o

Length (1D size) -

Tilt/angle I o

Area (2D size) - = 0B

Depth (3D position) e F——e

Color luminance mE
5

Color saturation [] "

Curvature ) ) ) )
£
A

Volume (3D size) L Tl

Most »

Effectiveness

4 Least

® ldentity Channels: Categorical Attributes

Spatial region = B .
Color hue . B .
) 4\.) o ©
Motion o ® G
Shape + O 0 A

Analysis and Design (2014).
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Visual Encoding and Dark Patterns

To emphasize Q-interval (vs. Q-ratio)

[ - o 7
Truncating the y-axis? |t e zero value doesn't make much sense.

If it is the norm (e.g., stock charts).

. . , ‘ City Atlas
‘m National Review & T eaow ) o 'vi @cityatlas
@NRO . J
. Replying to @NRO
The Only #C“mateChange Chart you need to .@NRO @powerlineUS @bradplumer I'm sure someone else has fixed
see. natl.re/wPKpro this for you, but here you go. Great idea, thx --
) Average Annual Global Temperature in Fahrenheit
(h/t @powerlineUS) 1880-2015
Average Annual Global Temperature in Fahrenheft ":E
1880-2015 "
n 200’ of sea level rise
civilization: at line

1% 1900 1910 1920 1930 1940 1930 1940 19% 1980 1990 2000 2010 5:28 PM - Dec 14’ 2015

12:36 PM - 14 Dec 2015 78 Retweets 1 Quote Tweet 208 Likes -



Perception

Graphical Perception Studies

TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 5

100 100

100] ‘IOOI 100
B A B A B A

Figure 4. Graphs from position—length experiment.

What proportion is the smaller marked section of the larger?

Cleveland, William S., and Robert McGill. "Graphical perception: Theory, experimentation, and application to the development of graphical methods." 1984

23
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Color

OKLAB Color Space

Oklab is modern version of
CIELAB that we recommend

In CSS:

oklch(65% 50% 0)

A

Lightness

Colorfulness

32
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JavaScript

Now, let's make our very first data visualization in JS:

38
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Step 5: Improving our tooltip

.
........

T
111111

Demo: d3-lecture/weather5
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Interaction

Gulf of Evaluation

The level of difficulty in interpreting the
system and assessing if goals were met.

~

” (6 3\- -
¥ —rrrerrrorr—
S ...

User Goals Interface

Gulf of Execution

The gap between the user's goals and their
ability to achieve them using the system.

Hutchins, Edwin L., James D. Hollan, and Donald A. Norman. "Direct manipulation interfaces.” 1985.

14
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discrete

continuous

Alaska

https://www.nytimes.com/interactive/2016/11/01/upshot/many-ways-to-map-election-results. QI

'Fi%. 9. Possible 2D trangali ons of the 3D data models sho*c
in hgure §.

@

ad

4



Narrative

R2
D3

A visual

Interactive Slideshow ierdUC’[iOﬂ TQ
machine learning

w ‘? |
In machine learning, computers apply statistical

learning techniques to automatically identify
patterns in data. These techniques can be used to
make highly accurate predictions.

Keep scrolling. Using a data set about homes, we
will create a machine learning model to distinguish
homes in New York from homes in San Francisco.

PR —

“Scrolly”-telling (

http://www.r2d3.us/visual-intro-to-machine-learning-part-1/
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Animation

Analysis Task and Presentation Task.

StUdy Conclusions Presentation condition included narration.
Subjects asked comprehension guestions.
N
X \ K ) (s
Animated Traces - . . -~ Small Multiples

Which condition would participants: tryclassbuzz.com
be more accurate, be faster, and prefer? Code: anim .



Uncertainty

For uncertainty, use visual variables
Instead of visualizing point estimates

Bivariate Map (Data + Uncertainty) | | Value-Suppressing Uncertainty Map
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Thank You!

TAs: Jacob, Hemanth
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