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Interaction

CS 7250
SPRING 2020

Prof. Cody Dunne
NORTHEASTERN UNIVERSITY

Slides and inspiration from Michelle Borkin, Krzysztof Gajos, Hanspeter Pfister, R
Miriah Meyer, Jonathan Schwabish, and David Sprague Y N >




BURNING QUESTIONS?



PREVIOUSLY, ON CS 7250...



Color Vocabulary and
Perceptual Ordering

Darkness (Lightness) . . .

Saturation

Based on Slides by Miriah Meyer, Tamara Munzner 4



‘Simultaneous Contrast’

Avoid gradients as backgrounds or bars!



Now, ON CS 7250...



ONE LAST ILLUSION...






gen
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mag
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B Legislative @ Referendum ¢ President

ESOE50, 2016
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https://sites.google.com/site/e90e50/scambio-file/bar_pie_donut_alternative.png

. . COURSE OPTIONS
1111 WEANNGFUL

. MEANINGFUL

MINOR

. . . . . . . . . . . Bouve (4 courses)
........... B CAMD (23 courses)

COE (11 courses)
............ Bl COS (35 courses)

CSSH (23 courses)
Northeastern University, Khoury College, 2016 10

" DMSB (12 courses)



Hall of Fame or Hall of
Shame




FiveThirtyEight

Politics Sports Science & Health Economics Culture

Our 47 Weirdest Charts From 2015

We made more than 1,500 charts in 2015 at FiveThirtyEight. Many were bar

charts, line charts and scatterplots — but not all. Here are some of the more

unusual graphics we published.

FiveThirtyEight, 2015 12



https://fivethirtyeight.com/features/our-47-weirdest-charts-from-2015/

7-class RdYIBu

. #d73027
The Puzzling Speed Of Dan Feyer s
. _ #fee090
Solve times for the past 1,208 New York Times crossword puzzles, by day of the week itfof
#e0f3f8
#91bfdb
60 puzzles
ColorBrewer 'RdYIBu'scale, 2013
@ MONDAY
@ TUESDAY
() WEDNESDAY
40 () THURSDAY
) FRIDAY
@ SATURDAY
@ SUNDAY
20
0 we R 2222 °2°2 2 o 0 0 0 0 o . .
0 i 4 § 8 10 12

Minutes to solve

B9 FIVETHIRTYEIGHT

FiveThirtyEight, 2015 13



https://fivethirtyeight.com/features/dan-feyer-american-crossword-puzzle-tournament/
http://colorbrewer2.org/#type=diverging&scheme

Kobe Bryant Was Devastating In His Prime
All of his shots, 2005-06 regular season

FREQUENCY EFFICIENCY BY LOCATION
HIGH BELOW ABOVE
ng'. werace @@ O@ yyconc:
37%
35%

*e

&
28%

®

®

°.
@
¢ Averaged 35.4

points per game!

&7 KIRK GOLDSBERRY SOURCE: NBA

FiveThirtyEight, 2015 14



https://fivethirtyeight.com/features/an-ode-to-kobe-bryant-in-two-charts/

INTERACTION



GOALS FOR TODAY

® | earn when and why to use interaction.
® | ecarn the “Shneiderman Mantra”.

® | earn the basic interactive functions for visualizations.

16



Interaction

Why interaction?

® Complexity reduction

® Static = specific story told to you, versus interactive =
viewer discovers the story

® Enables data exploration, insight, reasoning for oneself

® Makes it personal to the viewer

®Dive deeper!

17



Interaction

A few footnotes...
® [nteraction requires human time and attention

® Human-guided search vs. Automatic feature
detection vs. Interactive visualizations

® Find balance between automation and relying on
the human in the loop to detect patterns

Based on Slide by Hanspeter Pfister 18



Encode

(® Arrange
= Express

< Separate

from categorical and ordered

attributes
= Color
> Hue = Saturation = Luminance
HEN [ ] || N |
2 Size, Angle, Curvature, ...
i . /e 1)) D
2 Shape
+ O 0 A
-2 Motion

Direction, Rate, Frequency, ...

® o °

° Co

Manipulate

(® Change

(® Select

(® Navigate
<>

Facet

(® Juxtapose

(® Partition

-

Reduce

(® Filter

1

How?



Manipulate

(® Change over Time

(® Select
* . °*® o - \@. °® PY
(® Navigate
=2 |[tem Reduction = Attribute Reduction
= Joom 2> Slice

Geometric or Semantic

\ 4
I
T
T
i

¢ o —~ e
e ® ¢ —
2 Pan/Translate > Cut
* ° ® ® ° e
( ® o ) ® * » °
2 Constrained 2> Project
o0 . . ® o ® . » 1 :




Interaction

Key Concepts:
® Change over time

- Encodings, Animated Transition
® Selection

- Highlight

® Navigation

- Pan/Translate, rotate, zoom

Based on Slide by Miriah Meyer 21



“Overview first, zoom and filter, and
details on demand.”

- Ben Shneiderman

“The Shneiderman Mantra”

Shneiderman, 1996 22



https://www.cs.umd.edu/~ben/papers/Shneiderman1996eyes.pdf

Interaction

Shneiderman Mantra:

® Overview - provide high-level view/summary

® /oom and Filter - enable data discovery and exploration,
support search/tasks

® Details on Demand - do not overwhelm the viewer by
providing extra information as needed

Based on Slide by Miriah Meyer 23



There are many visual design guidelines but the basic
principle might be summarized as the Visual Information
Seeking Mantra:

Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand
Overview first, zoom and filter, then details-on-demand

Each line represents one project in which I found
myself rediscovering this principle and therefore wrote 1t
down it as a reminder. It proved to be only a starting point
in trying to characterize the multiple information-
visualization innovations occurring at university,
government, and industry research labs.

Shneiderman, 1996 24



https://www.cs.umd.edu/~ben/papers/Shneiderman1996eyes.pdf

(® Change over Time
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Gapminder, 2018 25



http://www.gapminder.org/tools/#_chart-type=bubbles

(® ChangeoverTime

o °°, @ ..0 o

D3 General Enter, Update, Exit Pattern

abcdefghijklmnopgrstuvwxyz

Mike Bostock, 2016 26



https://web.archive.org/web/20161126083330/http:/bl.ocks.org/mbostock/3808234

(® ChangeoverTime

D3 Animated Transitions

©

flexible transitions

Mike Bostock, 2011 27



http://mbostock.github.io/d3/talk/20111116/#11

(® Change over Time
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Centroidal Voronoi Tesselation

Dunne, 2015




(® Select

- NYT Campaignh Connections

COE200000€20080 HOOVE

2 9N0VIC0VO 20 €08

Palmie
McAuliffe
13 Clinton
Found. Priorities
USA
Center Clinton

Obama Obama
12 admin.
for Amer. State

Progress Dept.
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'08

Dean @ Edwards
'04 '04
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admin.
'96
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Campa g shown d rk
shade; dm t t and other
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S

NY Times, 2015

K =



http://www.nytimes.com/interactive/2015/05/17/us/elections/2016-presidential-campaigns-staff-connections-clinton-bush-cruz-paul-rubio-walker.html

® Select

AT Bubble Cursors

Current target: 5
Cursor radius: 75.89579797016441 .

I- toggle info
c: toggle cursor

t: toggle timing mode

r. redraw targets

Grossman and Balakrishnan, 2005: Anand Kulkarni, 2010 30



http://www.dgp.toronto.edu/~tovi/BubbleCursor/
https://web.archive.org/web/20100925065020/http:/ieor.berkeley.edu/~anandk/bubbleCursor.html

(® Select

18% — Unemployment Rate

Show Voronoi

T T T T T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Mike Bostock, 2019 31



https://gist.github.com/mbostock/8033015

(® Navigate
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https://www.google.com/maps

IN-CLASS EXERCISE



/oom techniques

EasyPZ Pan & Zoom

<> IS LIBRARY

Flick Pan + Double Click, Wheel & Pinch Zoom

These methods are pretty standard. Flick pan means that the
content keeps its momentum when you release the pointer,
and then slows down. You can also zoom out with double
right click.

Show Code

Flick Pan + Hold Zoom In + Double Click Zoom QOut

Hold zoom in requires much less work to zoom in,
particularly when compared against pinching on mobile
devices. Notice that you can adjust the zoom position while
zooming.

Show Code

</>JS Library

¢ Research

\_

~
In-class activity:
experiment with
zooming and panning
J

easypz.io

Michail Schwab
PhD student

Khoury Data Visualization

34


https://easypz.io/
https://www.ccis.northeastern.edu/people/michail-schwab/

Queries and Filtering

Manipulate

(® Change over Time

Q ® ° [
(@] : ¢ @ Q
Q
® Select
o
e A §> o e
(® Navigate
2 [tem Reduction = Attribute Reduction
_) Zoom . -) .Sﬁce
Geometric or Semantic ' .
* o -»> O

= Pan/Translate

<O

= Constrained

35



TR

type the digits of a zip code



http://benfry.com/zipdecode/

2> Attribute Reduction

> Slice

N/
<
~

Queries and Filterin

Flights Cars

Advice: BUY

Create a price alert

Stops

v nonstop $202
v 1 stop $132
v 2+ stops $416
Times Show all

Take-off Boston (BOS)
Fri 5:00a - 10:00p

Take-off Washington (WAS)
Thu 10:30a - 11:00p

Show landing times v

Airports

Depart/Return same

Boston
v BOS: Logan Inter... $124

v Boston (Back Bay)... $187
 Rocton ([n1ith Sta Q17

BOS «~ WA

of 5112 flights

Sort by: Price Recommended Duration More v

Packages Activities More ¥

Oct14 | Oct20 Economy 1
Friday lhursday cabin traveler

Round-trip  Segment

$253

$132

$136

Relax your legs, not your standards.
The most legroom in coach. (Based on the average fleet-wide se...

jetBlue

$253 nonstop Select

JetBlue.com

Spirit Airlines / United

8:54p BOS — 10:29p BWI  1h 35m nonstop
7:32p BWI — 11:11p BOS 3h 39m 1 stop (EWR)

Show details Economy
United

9:256a BOS — 1:117p BWI  3h52m 1 stop (EWR)

7:32p BWI — 11:11p BOS 3h 39m 1 stop (EWR)

Show details Economy

Kayak, 2020

% =


https://www.kayak.com/

2 Attribute Reduction

™ L Projection

Pandey et al. (inc. Dunne, Borkin), 2019 38



https://aditeyapandey.github.io/CerebroVisProject/

IN-CLASS EXERCISE
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&
morning. Each line represents the
t path of one train. Time continues
5:30 AM — / downward, so steeper lines

. indicate slower trains.

< Since the red line splits, we show

a1/ ‘
6:00 AM — W the Ashmont branch first then the
"I’ Braintree branch. Trains on the

' (> Braintree branch "jump over" the
S

6:15 AM -
S > Ashmont branch.
5:25 am “'ﬁ:’

6:30 AM - ‘ A b Train frequency increases around
W 6:30AM as morning rush hour
K= begins.
6:45 AM - }‘5"3‘*

7:00 AM —

: — <D d,
o 7:15 AM f*”"?
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Barry & Card, 2014

K «



http://mbtaviz.github.io/

MIBTAVis

In-Class Critiqgue —
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(® Change over Time
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https://canvas.instructure.com/courses/1781732/discussion_topics/8474016/

Paper Prototyping

DO OF THE DAY

Uneler Constetht ™

Analitico, 2013; Rajkumar, 2017 42



https://www.analitico.pro/wp-content/uploads/2013/04/test-de-usuario-a-bajo-costo-paper-prototype-ux.jpg
https://sharonmonisharaj.com/power-paper-prototyping
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http://aaronbrako.com/prototyping

Low Fidelity to High Fidelity
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CanvaskFlip, 2016 44



https://uxplanet.org/the-art-of-ux-sketching-and-paper-prototyping-5dae5a1efc7d

Skething of Interactivity

SPLASH SCR . O VYERYIEL OVELVIEU
Sub MenwT SUR MEw T
\ Enove
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o O 2

Henniqgs, 2013 45



https://www.smashingmagazine.com/2013/06/sketching-for-better-mobile-experiences/

Example Usability Test with a Paper Prototype

BlueDucklLabs, 2010 46



https://www.youtube.com/watch?v=9wQkLthhHKA

