InfoVis Systems & Toolkits
I )

CS 7450 - Information Visualization
September 21, 2016
John Stasko

Learning Objectives
Gain familiarity with history of visualization toolkits
Describe what each's new contribution was
Understand approaches taken by systems seeking to support
visualization creation without programming

Explain what Many Eyes was, what it provided, and what its
contribution was

Describe a spectrum of approaches for creating visualizations
(ranging from automatic creation given data to low-level graphics
libraries) and identify representative systems that occupy different
places along that spectrum
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Background .
In previous classes, we have examined

different techniques for presenting
multivariate data

We'll continue to show more later too

Today we look at systems that implement
these ideas and provide some of their
own new visualization techniques
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Agenda

e l®)

Toolkits that can be used to build systems
D3, Processing, ...

Systems providing a view or views
Improvise, Many Eyes, Polaris, ...

Commercial systems
Spotfire, InfoZoom, Tableau, QlikView...
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Toolkits & Infrastructures
Set of components or capabilities that

allow others to put together visualization
systems

Growing trend
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Toolkit Design

e l®)
What would you include in a toolkit like
this if you designed it?

Fall 2016 CS 7450 6



Heer++ Series

-

Series of toolkits from Jeff Heer and his research group

Prefuse

Java2D

Heer et al, CHI ‘05
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Heer++ Series

a6

Series of toolkits from Jeff Heer and his research group

Prefuse

What happened???

Web!!l

Java2D

Heer et al, CHI ‘05
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Heer++ Series
%

Series of toolkits from Jeff Heer and his research group

Flare Protovis
;;;;; ’. . ol | - _' S | )
Java2D ActionScript & Flash Declarative spec.
Heer et al, CHI'05 Bostock & Heer, 7VCG (InfoVis) ‘09

Heer & Bostock, 7VCG (InfoVis) ‘10
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D3: Data-Driven Documents
E—
Newest entry in the Heer-Bostock line of
toolkits

“Not just an infovis toolkit”

Javascript-based

Very similar to Protovis...

Except makes use explicitly of web standards
such as Scalable Vector Graphics (SVG) rather
than a proprietary “marks” graphics set
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D3 Design Pattern .
I~ )
Declarative Syntax like Protovis
Creating/Modifying selections of the HTML
DOM
“An elegant for-loop with a bunch of
useful helper functions”

Excellent support for changing data

Taking advantage of CSS3 Transformations
and Transitions

Integrates seamlessly into any webpage
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D3 Support
M
Active community online
https://github.com/mbostock/d3/wiki

Including Mike Bostock often answering
questions

Tutorial from John in our last class
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https://trifacta.github.io/vega/
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Vega is a visualization grammar, a declarative format for creating,
saving and sharing visualization designs

With Vega you can describe d: isualizations in a JSON format, and
generate interactive views usin her HTMLS5 Canvas or SVG.

e

Read the tutonal, browse the documentation, join the discussion, and
explore visualizations using the web-based Vega Editor

S Q il
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https://github.com/mbostock/d3/wiki

Characteristics
M
Declarative visualization grammar like D3
No CSS, DOM, etc., though
Describe visualizations in JSON format

Generate interactive views via HTML5
Canvas or SVG

Fall 2016 CS 7450 15

Example Code

%
padding": {"top": 10, "left": 30, "bottom": 20, "right": 10},

{
"data": [
® {
3 "name": "table",
! rrr-a.- " ry":"A", "amount":28},
"category" "
"cate
cate:

ount":55},
ount":43},
ount":91},
ount":81},
ount":53},
ount":19},
ount":87},
ount™":52}

HEQHE g QU

P,

"rect :mouseover", "expr": "datum"},
"rect:mouseout", "expr": "{}"}

1 and more...
Fall 2016 CS 7450 16



Premise
%%gi
Not really for humans to write

Intended for tools to generate &
exchange it
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http://processing.org

Processing

Java based

Unlike protovis & D3,
not specifically designed
for InfoVis

Data Reader? Layout algorithm?
But can definitely be used to build visualizations!
Well documented, lots of tutorials with

contributions from many people and even
books

Ben Fry
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Processing: the idea
M
Programming as scripting
PDE: processing development environment

A program is called a sketch
written as a list of statemen

| ® O O sketch_feb09a | Processing 1.0.9 i
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Processing: Useful Functions
M
void setup() {

//your own code here

by

void draw() {
//your own code here

b

These are built-in functions that are called
automatically.

The setup() block runs once.

The draw() block runs repeatedly: good for animation

Fall 2016 CS 7450 20
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http://p5js.org

-

PS.js

Interpretation of Processing in Javascript

|

P

= Gallery
" A curated colloction
v here? Ge

21

CS 7450
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http://code.google.com/p/piccolo2d

Piccolo

- s

- “Hello World n

Fall 2016 CS 7450 22
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Characteristics

I
Graphics toolkit with very nice built-in
zooming and panning support

Useful for implementing infovis too

Will discuss more later in course...
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https://developer.mozilla.org/en-US/docs/Web/API/WebGL API
ol
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Reference

Standard interfaces

When you need 3D or really sophisticated graphics
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More toolkits

(Which do you know?)
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http://aperturejs.com/

Aperture.js

‘ [ o+

€9 @ sporursicom € Qapertues rHB O RO
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Aperture JS sgite visusl an

Aperture is a powerful, agile, and extensible visualization framework library project
designed to produce ble visualizations for analysts and
decision makers fn any common web browser. Aperture is an open source,
standards based JavaScript library with supporting web services.

lored, best practice, s

Declarative Grammar of Richly Layered Visual Forms

Aperture employs a unique and unified layer based approach to visuslization
assembly, enabling richer, more powerful combinations of visual forms than a
standard widget based approach with many frames. Aperture's visual mapping and
filter API provides adaptability to any data schema and transformation of data into
suceinct interactive visnal forms with minimal effort

Pubiiched Peper: 4 open Web

or, . ot

Highly Interoperable using Web 2.0, §

OA and GIS Standards

0, Service Oriented Architecture (SOA)

5 approach with SVG or VML (IE7, 8) rendering and wide support for GIS standards,

&> uncharted for greatest interoperability. Aperture vizlets (visualization forms) are easily

embedded in web-based client frameworks such as the Ozone Widget Framework
(OWF), or In any simple web page, where open JavaScript APIs provide full

q I interoperability with other DOM elements.

@‘ Lk

Aperture uses a non-proprietary Wel

Extensible and Open Source

The Aperture framework and API are designed for ease of extension, allowing a
broad community to leverage and extend capabilities in creative ways. Aperture is
under ongoing development and is freely available for download under The MIT
License (MIT) open source licensing, Unlike GNU General Public License (GPL),
MIT freely permits distribution of derivative work under proprietary license,
v withaut recuiring the relesse of sonrcs code. i
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http://bokeh.pydata.org/en/latest/
Bokeh
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e Welcome to Bokeh

- For maee Information about he s and drection of he projec, please see fhe Tech

veloper Guky To get startes queky foliow

To see examples of now you Mgt use BOkeN wih your own data, check 0ut e G

wed Quessor For questons and techcal assistance. come join he Boren mafing et

vist e
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http://www.highcharts. com/

HighCharts

- o x
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¥, HIGHCHARTS

HIGHCHARTS

Create interactive charts easily for your web
projects.

Tokyo climate

Used by tens of thousands of developers and 61 out of
the world's 100 largest companies, Highcharts is the
simplest yet most flexible charting AP on the market.

esoe

FREE FOR NON-COMMERCIAL

Do you want 1 use Highcharts for a personal website, a school site ar
nonprofit areanisation? Then you don't need our permisskon, Just 20 an’
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http://dimpleijs.org

1ve aperturejs * B9 RO =
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dimple ety Pomertd
o cem On top of D3

Getting Started
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JavaScript InfoVis Toolkit

Demos - Jovascrptinfova Tookit | o |

€ @ prioghgthubio ¢ | - infoistookkit s o4 n

18 Mot Visited @ Geting Started g Mureta N Toffic 51 | 1331 T 4901 3, 7450 3 Zewa [ T2 1 Gt 5 5 2013 [ s BB KPLU v Soccer 9 1t 1 iemga B Facebook &% Sivias [ | Kul

JavaScript InfoVis Toolkit Home o Dowicad o Bukder  Donate

Create Interactive Data Visualizations for the Web

Area, Bar and Pie Charts

ForceDirected SpaceTree

http://philogb.github.io/jit/
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react-vis

T DD Ve X et x
L0

. — 5 c]e

react-vis
Data visualization library based on Reactand

pa kg sod Dnganizaices

B o pusished 2weci ago
—— P -
ey
Overview Collaborators.
: - u
[r———
Stats

& Simplcty. react:
[ p——

1 doesi e sy eep knOwlstieof data visuszation braris o start buling your

» Flnbilty, s vi» proviies aset of Basic bulking biocks or difrend charts. For nstance;sepeate Xand ¥

* Ease ol use. Abict Miserssetings 2,369 dowinisacs the lastmonth
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Private packages for the whole team

Lesen maee.

https://www.npmjs.com/package/react-vis
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http://code.google.com/apis/visualization/documentation/

Google Chart Tools

[ A dimple - Asmplechaim, % (3 Uning Googge Charts | Cn. % | 4
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> Google Devek Q (s @ Search
Charts
GUOES  REFRENCE  SUPPORT

e Using Google Charts

Hello, Chartst

ogle es a perfect way your
Dbt website. From simple line charts to complex héerarhical tree
Uik maps, the chart gallery provides  large number of ready-touse
Prege e Dt s
Cusomize e Chart
o e Chart The mast common way to se Google Charts is with simple
Jevaseript that you embed in your web page. You loed some
T Google Chart ibraries, list the data to be charted, select options t
O 0 customize your chart, and finally create a chart object with an
fetommr oo 1d that you choose. Then, later in the web page, you create &
it <div> with that 1d to display the Google Chart.
S charts
Bubsie chare Thats sll you need to oet started
Caendar Charts ? 5
Candentick Charts Charts are exposed as JavaScript classes, and Google Charts
Cohemn Charts provides many chart types for you 1o use, The default
Combo Charts appearance will usually be all you need, and you can always
o ches mize & chart to it the look and feel of your webste, Charts
ok Charts are highly interactive and expose e that let you connect
Gantt Chaets © them to create complex cashooarcs of other experiences
Gauge Chrts nteg h your webpage, Charts HTMUS/SVG 9
PR, browser compatibdity (including VML for older IE versions) and cross platiorm portability fo IPhones,
Wiani L iPads and Android. Your users will never have to mess with plugins or any software. If they have

web browser, they can see your charts.
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+ O =

31

32

16



Characteristics
M
Javascript-based i
Gallery of e
contributed code -
segments

Visualizations are = & » :
interactive ; - kb

Evolving API .

il = s
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Reflection
i
What would you seek in a good infovis
system or toolkit?
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Toolkit Tradeoffs

)
InfoVis-focused Generic graphics
Many fundamental More flexible
techniques built-in Can customize better
Can be faster to get Big learning curve
something going Doc is often better
Often more difficult to Can take a long time

implement something
“different”

Documentation?

to (re)implement basic
techniques

Fall 2016 CS 7450 35

Writing Code is Hard .
Why not just show what you want the
visualization to look like?

What's the challenge?

Fall 2016 CS 7450 36
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Lyra -
Interactive vis builder tool without

needing to program

Graphical "marks” are bound to data fields

User shows what vis is to look like, the
mapping from data

Generates code (Vega) that can be run on
the web

Satyanarayan & Heer
Computer Graphics Forum (EuroVis) ‘14
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http://idl.cs.washington.edu/projects/lyra/

Wages e Video
ales Wages Highlight
Wagaes Are:
et bbbl = o
Monarchs e "":'“:
o
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n ]
i - j@(nce] e e -
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https://donghaoren.org/ivisdesigner/

iVisDesigner
%
Interactively create mappings from data
elements to graphical elements

Has scatterplot, timeline, graph templates

WisDesigne @ (1) Menu Bar

Video

Ren, Hollerer, & Yuan
TVCG (InfoVIs) ‘14
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Journalism-driven systems
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https://datawrapper.de/

Datawrapper

e +

e 1 e B 150 08 i 2 70 2 e B 4 vt 29 3000

Created with Datawrapper

Easy to use Customize Full control

-

Who uses Datawrapper?

T Washington Post guardian Vox feMonde  BuzzFeeo  THEWALLSTREET XURML

derStandardat  Twitter WOJTTTN  Seue Jivter g ZEQUIPE™  Tngescdmtiger

" W varror] Berliner & Morgeopost— FIRSTPOST.
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http://quartz.github.io/Chartbuilder/

Chartbuilder
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X¥ Chart

Load previous chart
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ystems/Tools

P

Academic/research systems that provide
preexisting views

Commercial tools with suite of well-known

visualizations

Fall 2016

Polaris

Database Schema: Layer Tabs:

The user drags fields from the ~Each layer has its own tab; different
database schema to shelves to — transformations and mappings can be
define the visual specification. specified for each layer.

Layer Shelf:

The fields placed here
determine how records
are partitioned into layers.

| CoffeeChain

- —
tType Group in panes by:

Grouping and Sorting
Shel:

ves:
The fields placed here
determine how records

“ Aggregate Data

are grouped and sorted otk e panes by
within the table panes.
Mark Pulldown:
Relations in each pane Mark:
e Mapped t0 MATKS e i) v
of the selected type.
Color

Retinal Property Shelves: G
The fields placed here
determine how data is Shape: [ Harket
encoded in the retinal
properties of the marks. + West

e A Soun

" —

Legends: g -

Legends enable the user
to see and modify the
mappings from data to
retinal properties.

Default Size:
8

1 osfault Color

CS 7450
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http://www.graphics.stanford.edu/projects//polaris/

Axis Shelves:

The fields placed here determine the
structure of the table and the types of
graphs in each table pane.

(gsmm @mwn‘ {8k B Forvarc

Quartar] su(profit

ProductType] SUM(Salek) at

Herbal Tea

http://www.tableausoftware.com

Context Menu:

The context menu provides access to the data
transformation and interaction capabilities of Polaris
such as sorting, filtering, and aggregation.

O Clear

Pution.
Bin By... g S
oo Usa for Brushing/Tooltip:
3o .
s
s - of o8,
. et
2 &
¥
a0 - i +
gom o ° ° °
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E™ 30 14 LIS IS 40
o 3
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o
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Video

Stolte et al
TVCG 02
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Basis .
—

Relational databases
Pivot tables from spreadsheets
N-dimensional data cubes

Analytic approach is fundamental

Provides visual representations of these
concepts

Fall 2016 CS 7450 45

Visualization

—
Table of data (rows, columns)
Each axis may have nested dimensions

Table entry is a pane, and has visual
marks to represent data

Analyst drags and drops fields from
database schema onto shelves of display

Much interaction supported
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Graphics .
Formal table algebra provided to describe
data

Visual mappings established from data
types to appropriate (good) markings and
encodings

Impact: Became Tableau

Fall 2016 CS 7450 47

Viégas et al

M a ny Eye S TVCG (InfoVis) ‘07
- )

InfoVis on the web
Website developed from IBM’s infovis
group
Motivating infovis challenges:
Difficulty of creating new visualizations
How do you discuss the visualizations?
Project goals:
Enable end-user creation of visualizations
Foster large-scale collaborative usage
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Features

——E

Provides data upload capabilities and
choice from library of visualizations
Includes

Gallery of recently uploaded visualizations for
browsing

Chosen highlighted visualizations
Attached discussion forums for each vis

Fall 2016 CS 7450 49
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W o
— Featured visualizations
| ol ]

Recent gallery
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people

population

speech

Discussion
forums

Fall 2016 CS 7450 51

Data 5
%
Users upload their own data sets
All become public

Format: table or unstructured text
Metadata allowed

Immutable once uploaded

Fall 2016 CS 7450 52
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Visualizations
M
Preloaded visualization types
Has grown over time

User chooses one to combine with their
data

Provides named, typed slots that the user
maps particular pieces of data to
System makes some reasonable guesses too

Fall 2016 CS 7450 53

Originals
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Visualizations : Obama Inauguration Speech Word Tree

Croat

skandar
Tags: inauguration obama
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Fig. 3. Three user generated visualizations offering different perspectives on the same dataset on car fuel economy. The grey areas on the
top and bottom are i by the ication and allow the user to browse through different dimensions in the data.

Allows the user to control the mapping from data to image

Fall2016 CS 7450 56
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Social Aspects
-

Users identified by login ID
Can leave comments about different
visualizations
Can take snapshot of visualization state

Unique URL
“Blog this” button

Fall 2016 CS 7450 57

Evaluation

e l®)
Quantitative, objective
1895 posts of March ‘07

Wide variety of topics of visualizations and
motivations for creating visualizations

Does seem to be fostering discussion

Viégas et al
HICSS ‘08
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Evaluation
aﬁf

Qualitative, subjective
In-depth interviews with some ME users

Visualizations used largely for
communication and collaboration (not
necessarily analysis)

Privacy and audience managementa concern

Highlights a number of interesting, non-
expected uses of the technology

Danis et al
CHI'08
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https://www.ibm.com/blogs/analytics-zone/six-years-of-many-eyes-a-personal-retrospective/

Status

Shut down by IBM on June 12, 2015
S —

AnalyticsZone Blog Q

the blog for IBM Analytics

Six Years of Many Eyes: A Personal Retrospective

Fall 2016 CS 7450 60
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Thoughts?

— iy
What do you think of the design choices
they made?
Sense.us .

Related, follow-up to Many Eyes
Discussion and visualization of US Census
data

Go beyond Many Eyes in terms of
annotation, collaboration, and discussion

Heer et al
CHI ‘07

Fall 2016 CS 7450 62
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Components

-

Doubly-linked discussion

Can go from visualization to threaded discussion
items or vice-versa

Graphical annotation

Simple graphics editor and comments (like
transparent layer)

Bookmark trail
Small strip of views

Comment listings and social navigation
Searchable, sortable indices and links

Fall 2016 CS 7450 63
& sense.us > jobs - Mozilla Firefox =%
Be Edt Vew Go Bookmaks Toos Hep |
@ - & ) [ n 18gender =Alsque - 154 (f) v] © o [GL
sense.us / jobs hello, Michael profile comments trails help logout
Reported Occupations of U.S. Labor Force, 1850-2000 (source: http://ipums.org) comments (5) New Comment | View Al (139) (e)
here are labels where I wou have expected big jumps. ~
> military e all ©“men © women %o of Work Force ~ by Martin Sharp on Fri X 21, 2006 10:16 AM
wel, there was also the cold war right after ww2, which mght be part of
a the reason why there's such 3 huge sump after the 40s. It s aso mteresting
%  that there is such a drop between the 70s and the 80s.
by Julia H 21, 2006 11:01 AM
goi et Al ooyt oD Tgue #ned to robots, and the industrial complex, as martin
ecession sugge: ould be interesting to see the comparison of the fal
\ / in military personal the rise in DOD funding for robots and industry.

2006 11:51 AM

\ oy Jesse O'Brien on
\ 5% 1think the jumps hav to do with the economy at large rather than

any particlar miltary confiict. Lots of money in confiict has akready been
spent before the confict starts.

ww i Wwi by Fred Klein on Vied Aup 2. 2006 10:24 AM
reply
\ Military
Civil war B 7 U@ @
1 would agree with that... also see this: ink

/ Depression . (d)

l Submit | [ Cancel
v

bookmarks (3) Add View | Save | Load | View All

(b) o

lannotate [ ¢ N\ W [JOA Stroke M Fil N = Z= Sans-Serif ~14v BI

ibm visual communication lab privacy feedback help See something interesting? Add a comment, it's easy!

Done.

o |

Figure 1. The sense.us collaborative visualization system. (a) An interactive visualization applet, with a graphical
annotation for the currently selected comment. The visualization is a stacked time-series visualization of the U.S. labor force,
broken down by gender. Here the percentage of the work force in military jobs is shown. (b) A set of graphical annotation
tools. (€) A bookmark trail of saved views. (d) Text-entry field for adding comments. Bookmarks can be dragged onto the text
field to add a link to that view in the comment. (e) Threaded comments attached to the current view. (f) URL for the current
state of the application. The URL is updated automatically as the visualization state changes.
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Figure 5. Scatterplot of U.S. states showing median
household income (x-axis) vs. retail sales per capita (y-axis).
New Hampshire and Delaware have the highest retail sales.

Figure 6. Visualization of the number of teachers.
Annotations indicate the start of compulsory education and
the rise of teachers in the post World War I era

Sample annotations

Figure 7. Annotated view of stock brokers. The attached
comment reads " Great depression killed” a lot of brokers”.
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https://www.statwing.com/

Statwing
Data analysis tool

Upload spreadsheet or dataset, pick
relationships you want to explore

Basic graph types generated

Fall 2016 CS 7450 66
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http://keshif .me/

Keshif
%

Import data from spreadsheets and
csv/text files
Provides multiple oo e —
coordinated bar EEOm
charts and '
histograms
Large set of

examples on
website

......

Fall 2016 CS 7450 68

34



keshitme;

Fall 2016

= =} x
e K M Wony Opmpic... X |
e Qwholr ' A8 D s aO = N
o I Maieta o Teamic 3y Lot [ 1331 18 a4 o 7450 4 Zimben [0 T-Scunee I tuembie M Gt B3 F8 TT 11 3 ihenge [ 102z % Gor € Chase B WF 5 NsFgrant P
Medals Won In Olympic Games, 2000-2012 ﬂg
Tomimedss <] Q
L2

8618 Winners

- f
e | B canaa e als.
g v
.Cnunuy Bronze Medals
CS 7450 69

Commercial Systems

Designed to handle wide variety of data
types and sets

Typically provide suite of well-known
visualizations

(Preview of upcoming HW)
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Tableau
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www.qlik.com
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Some web collections
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http://www.visualisingdata.com/resources/
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http://www.creativeblog.com/design-tools/data-visualization-712402
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The 37 hest tools for data
visualization

DEEP AND
LASTING
AFFINITY,
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>Be the first to comment e [ o0 [EZE Save 58% with a bundle deal! MOVE
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Creating charts and infographics can be Bay n print o digita ENC
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time-consuming. But these tools make it easier. AUDIENCES.

It's often said that data is the new world currency, and the web FIND
is the exchange bureau through which it's traded. As YOURS ©j
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consumers, we're positively swimming in data; its everywhere
from labels on food pacl i&n to World Health P FLYERS
Organisation reports. As a result, for the designer it's becoming z THAT

ingly difficult to present data in a way that stands out 7 IMPRESS.
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https://blog.profitbricks.com/39-data-visualization-tools-for-big-data
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https://github.com/showcases/data-visualization
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GitHub Explors Features Entarprise  Pricing Signin

Explore GitHub @Al ofitSnowcases & Trenang

Data visualization
1=}

Data visualization tools for the web.

mbostock/d3

A JavaScript visualizaton lbrary for HTML and SVG

lavascript # 41511 V10251 Related Showcases.

Projects with groat wikis
nnnick/Chart.js Javascript 161042 P 4998

Simple HTMLS Charts using the <canvas> tag

Projects that power GiHub
Leaflet/Leaflet

Javascript ibrary for modile-friendy inferactve maps

Jmvascrol #1575 P208s

View all

ecomfe/echarts Swascipt K804 V2918

JmeaScript chant ibeary
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https://articles.uie.com/data_visualization_tools/

¢ The Top 200t Visusicnt X | o
€ e we.com
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Top 20 Data Visualization Tools

by Brian Suda
on August 15,2013

One of the most common questions | get asked is how to get started with
data visualizations. Beyond following blogs, you need to practise—and to
practise, you need to understand the tools available. In this article, | want
toiintroduce you to 20 different tools for creating visualizations: from
simple charts to complex graphs, maps and infographics. Almost
everything here s available for free, and some you have probably
installed already

Entry-level tools

Atthe entry level, we'll be looking at unexpected uses for familiar tools.
You might not think of Excel as a visualization package, for example—but
it's capable of surprisingly complex results. If you are just getting started,

these tools are musts to understand. If you deal with visualizations every
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http://lisacharlotterost.github.i0/2016/05/17/one-chart-tools/

2 The Top 20 Data Visuafzat.. X @ Ore Chart Tehve Tools
isacharlotterest githubio

8 vt vined [ Marca = Taatic % Lao [ 1331 B a0 0 52

One Chart, Twelve Tools

s than the ones we

o know as man

+

e 4l 7450 3 0365 I3 T-Square [ tumbe M Gevad I 78 T 14 3 i

Neat comparison

of 12 different
tools using the
same data set

HCHARTS CLOUD

1 think it can't hurt to have a wider view of the

at, | took the same dataset and visualized it with 12 different tools
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Learning Objectives .
\;"Y
Gain familiarity with history of visualization toolkits

Describe what each's new contribution was

Understand approaches taken by systems seeking to support
visualization creation without programming

Explain what Many Eyes was, what it provided, and what its
contribution was

Describe a spectrum of approaches for creating visualizations
(ranging from automatic creation given data to low-level graphics
libraries) and identify representative systems that occupy different
places along that spectrum
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Project Topics Feedback -
ﬁc'i

Returned today
Comments on your document
Score 1->10

Can resubmit a revision or propose a new
topic
Do it for Monday

Get to work on design — Poster session
coming in 2 weeks!
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Reading

Viegas & Wattenberg, "Many Eyes", '07

Check out videos/demos of systems not
shown

Fall 2016 CS 7450

Upcoming

Interaction

Overview & Detail
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