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Learning Goals

What do we mean by “interaction”?
What role do interactions play in visualization?

What makes an interaction effective?



Topics

Effective Interactions
Interactive Visualization
Selection

Brushing & Linking
Dynamic Queries
Prompting Reflection
Vega-Lite Selections



Exercise: What is an Interaction?

How would you define interactions in your own
words?



[There is an] apparent challenge that computational
artifacts pose to the longstanding distinction between the
physical and the social, in the special sense of those
things that one designs, builds, and uses, on the one
hand, and those things with which one communicates, on
the other.

“Interaction”—in a sense previously reserved for
describing a uniquely interpersonal activity — seems
appropriately to characterize what goes on between
people and certain machines as well.

Lucy Suchman, Plans and Situated Actions



Interaction between people and machines
requires mutual intelligibility or shared
understanding.

information
—
_

information




Gulfs of Execution & Evaluation

Gulfs

Conceptual model Real world

O Evaluation

Execution

[Norman 1986]



Gulf of Execution e —

The difference between the user’s
intentions and the allowable actions.

[Norman 1986]



Gulf of Execution e —

The difference between the user’s
intentions and the allowable actions.

Gulf of Evaluation — <—————

exert to interpret the state of the system
and to determine how well the
expectations and intentions have been
met.

[Norman 1986]



Gulf of Evaluation

Gulf
Conceptual model Real world:

Evaluation

X, y related?




Gulf of Evaluation

Gulf
Conceptual model Real world:

M), =t

X, y related?




Gulf of Evaluation

Gulf
Conceptual model Real world:

O

®
X, y correlated?

p=-.29



Gulf of Execution

Gulf

Conceptual model:
Draw a scatterplot

Real world

Move 90 30
Rotate 35
Pen down




Gulf of Execution

Gulf

Conceptual model:
Draw a scatterplot

Real world

vl.markCircle()
.encode(
vl.x().fieldQ(...),
vl.y().fieldQ(...)
)




Gulf of Execution

Gulf

Conceptual model:
Draw a scatterplot
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Gulf of Execution e —

The difference between the user’s
intentions and the allowable actions.

Gulf of Evaluation — <—————

exert to interpret the state of the system
and to determine how well the
expectations and intentions have been
met.

[Norman 1986]



Significance for Visualization

Good interactions:

* Empower people to answer their own
guestions about the data (execution)

 Generate results that are easy for people to
interpret (evaluation)



Interactive Visualization



Interaction Techniques

III

Are there “essential” interactive operations for
exploratory data visualization?



Taxonomy of Interactions



Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive
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[Graphics and Graphic Information Processing, Bertin 81]




Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive



Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize
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Taxonomy of Interactions

Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize



Taxonomy of Interactions
Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize

Process and Provenance
Record, Annotate, Share, Guide



Hours of footage lost each month due to dropped frames
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Hours of footage lost each month due to dropped frames
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Framedrop problem
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Upgrade causes glitch



Taxonomy of Interactions
Data and View Specification
Visualize, Filter, Sort, Derive

View Manipulation
Select, Navigate, Coordinate, Organize

Process and Provenance
Record, Annotate, Share, Guide



Selection



Basic Selection Methods

Point Selection
Mouse Hover / Click

Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)





https://vega.github.io/vega/examples/airport-connections/

Baltimore-Washington International (BWI)







Basic Selection Methods

Point Selection
Mouse Hover / Click

Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)

Region Selection
Rubber-band (rectangular) or Lasso (freehand)

Area cursors (“brushes”)



Brushing & Linking



Brushing

Direct attention to a subset of data

3,000 4,000 5,000 6,000
Body Mass (g)



https://vega.github.io/vega/examples/brushing-scatter-plots/

Brushing & Linking

Select (“brush”) a subset of data
See selected data in other views

The components must be linked
by tuple (matching data points), or
by query (matching range or values)



-
= > o 2 -
Brushing Scatterplots, Becker & Cleveland 1982



Brushing Scatterplots
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https://vega.github.io/vega/examples/brushing-scatter-plots/
https://vega.github.io/vega/examples/brushing-scatter-plots/

Cross-Filtering
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Analyzing Whale Catches [Patil 23]

1900 1940 1960

Year
Unfiltered data - Filtered data

Whale Species Breakdown

Antarctic Minke [JJ] 17,730
Baird's Beaked | 616
Bottlenose || 6,019
Bowhead | 2,128
Bryde's [JJ] 18,201
Common Minke [ 150,290
2

Cuvier's Beaked

Gray | 4,601
Humpback [N 123,014
Killer | 3,004
Pilot | 2,187
Pygmy Blue [J] 10,769
Pygmy Right 3
Right | 3,383
sei I 15107
Sei/Bryde's || 6,324

sperrs. [ 75755

Unknown 54




Linking Time and Location [Patil 23]

[ E= —

Killer Humpback Common Minke y Sei Bryde's

Antarctic Minke Unknown

Pan/zoom the map using mouse click and drag actions.

To set a geo filter, click on "Toggle Geo Filtet' button below.
Geo filter is -> disabled

on @ off

Ocean Area @ Grid_| Grid_1x1 Heatmap

® Species Nationality Avg Length Pe

1590 19‘00 1920 1930 1940 1950
Year




Linking Catches with Whale
Characteristics [Patil 23

Catches

60 k
50 k-

40 k-

1950 1960

dit time filter.

30 40 50 60 70 80

Length (ft)

mouse click and drag actions
.y and perform mous
and click outside the

Antarctic Minke
d

Bryde's
Commaon Minke
Cuvier's Beaked

Pygmy Blu
Pygmy Right




Break Time!



Administrivia



A2: Deceptive Visualization

Design two static visualizations for a dataset:
1. An earnest visualization that faithfully conveys the data
2. A deceptive visualization that tries to mislead viewers

Your two visualizations may address different questions.

Try to design a deceptive visualization that appears to be earnest:
can you trick your classmates and course staff?

You are free to choose your own dataset, but we have also
provided some preselected datasets for you.

Submit two images and a brief write-up on Gradescope.

Due by Wed 1/29 11:59pm.



A2 Peer Reviews

On Thursday 10/20 you will be assigned two peer A2 submissions
to review. For each:

* Try to determine which is earnest and which is deceptive
e Share a rationale for how you made this determination
* Share feedback using the “I Like /| Wish / What If” rubric

Assigned reviews will be posted on the A2 Peer Review page on
Canvas, along with a link to a Google Form. You should submit two
forms: one for each A2 peer review.

Due by Tues 2/4 11:59pm.



| Like... /| Wish... / What If?

| LIKE...

Praise for design ideas and/or well-executed implementation details.
Example: "l like the navigation through time via the slider; the patterns
observed as one moves forward are compelling!”

| WISH...

Constructive statements on how the design might be improved or further
refined. Example: "l wish moving the slider caused the visualization to
update immediately, rather than the current lag."

WHAT IF?

Suggest alternative design directions, or even wacky half-baked ideas.
Example: "What if we got rid of the slider and enabled direct manipulation
navigation by dragging data points directly?"



Dynamic Queries



Query & Results

SELECT house FROM seattle_homes

WHERE price < 1,000,000 AND bedrooms > 2

ORDER BY price

Dunanic Browser
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House
House
House
Housa
Housa
House
Hxuse
Condo
Condo
Comndo
Condo
Comda
Comdo
Condo
Condo
Comndo
Condo
Comda
Comdo
Condo
Condo
Housa

A6
165
Bl
ABTE

bk il
45D
05l
1ol
SFL3IE
BEEL
FOES
AT
AETT
A6
SFOHE
4597
G
362
2516
TeT

2. Capitol St.
2. Lincoln &t.
Jones Stroect
Jones 3Strest
Jonas Strest
2. Capitol St.
2. Capitol St.
2. Lincoln &t.
£. Lincoln Et.
Hanilton Street
Hamilton Straat
2. Lineoln St.
2. Limncoln St.
Jone= Strest
Jones Stroect

5. Capltol 5t.
5. Capitol St.
Ilst Streat

F. Limcoln St.
Gla== Food
Harmilton Etrect
Flst Strest

¢ D Home Finders

Cituyy

Beltswil le,
Beltsywille, HD
Beltswille, HD
Beltswillae,; HDx
Baltsiwilla, HIx
Beltsdille,
Beltsville, HD
Laurel, HMD
Laurel, HMD
Laurzl; MD
Lavral; MD
Lawre]l, HMD
Laurael, HD
Laurel, HMD
Laurel, HMD
Laurzl; MD
Lavral; MD
Lawre]l, HMD
Laurael, HD
Laurel, HMD
Laurel, HMD
Upper Harlhoro,

HD



What are Some Drawbacks to Textual
Queries?

What are some potential downsides to assuming a text-
based query interface for data analysis?



Issues with Textual Queries

1. For programmers

2. Rigid syntax

3. Only shows exact matches

4. Too few or too many hits

5. No hint on how to reformulate the query
6. Slow question-answer loop

7. Results returned as table



HomeFinder

Dynamic
HomeFinder

Reset Ouit

Eaue Print

Dist to A:

Dist to B:

Bedroons :

Look at:

The yellow dots abowve are homes in the DC area for sale. Hse TH Cnd
You may get more information on a honme by selecting it.

You may drag the "A' and "B distance markers to your I:EHIUFES'
office or any other location you want to liwve near. 0

Telect distances, bedroons, and cost ranges by Grga Fpl
dragging the corresponding slider boxes on the right.

felect specific home types and services by pressing Cac Heuw
the labeled buttons on the right.

[Williamson and Shneiderman 92]



Direct Manipulation

1. Visual representation of objects and actions
2. Rapid, incremental and reversible actions

3. Selection by pointing (not typing)

4. Immediate and continuous display of results
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Alphaslider (?)

Title :
Moonstruck

ABCDFGHLM NFR 5

[Ahlberg and Shneiderman 94]
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Zipdecode [Fry 04]



http://benfry.com/zipdecode/
http://benfry.com/zipdecode/

NameVoyager [Wattenberg 06]

Dbnys Dgirl5 |:|I:n:-th 2007 rank, bows Mames starting with
girls "I per
million babies

100,000

18805 18905  1900s  1910s 19205 19305 19405 19505 1960s 1970 18805 19905 2007



http://www.babynamewizard.com/voyager
http://www.babynamewizard.com/voyager

Life Expectancy

VIS [Kondo 14]
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Parallel Coordinates [Inselberg]
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https://bl.ocks.org/jasondavies/raw/1341281/

TimeSearcher [Hocheiser 02]

File Edit Yiew

@@@Eﬂ 1) searc | | searcn| crear| QueryY riable Low v |

ADC TELECOMMUNICATIONS | &

Transform Help

|"" % Low x High |
26.0

2445

163.0

(o]
815

o]

Sep Oct Mov Dec Jan Feb Mar Apr May Jun Jul Aug Sep —
ADC TELECOMMUNICATIONS
AMERICAN HOME PRODUCTS
ANAREN MICROWAVE INC
NADARKD PETROLEUM CORP
LUIANT TECHSYSTEMS INC

UTOMATIC DATA PROCESSNG

23 Records

ADC TELECOMMUNICA 110ONS

0
CTER INTERNATIONAL INC

Sep Oct MNov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

AMERICAN HOME FRODUCTS

T A July Septe mber

Sep Oct MNov Dec Jan Feb Mar Apr May Jun  Jul Aug Sep |

ANAREN MICROWAVE INC

13/224 records displayed

Jdan

Feb

lar Apr b

hlar Apr

Builds on Wattenberg’s [2001] idea for sketch-
based queries of time-series data.

Jun Jul

flay Jun Jul

Aug

Aug




I|’ x Low | x High

326.0
2445
Query by Slope!
16 3.0 l
) O
81.5
I O
O O
Sep O Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
F223 Records B Fi 451
................................................................................................................... ‘
ADC TELECOMMUNICA1IONS —
326.0
244.5
16 3.0
815  —— — e
Sep Ot Nov Dec Jan Feb Mar Apr May jJun Jul Aug Sep
AMERICAN HOME FRODUCTS
e s T i ]

DC TELECOMM
MERICAN HON
NAREN MICRO
NADARKOD PE]
LLIANT TECHS
UTOMATIC DJ
VX CORP

AXTER INTERA




Qetch [Mannino 18]

Qetch

Wi Dataset

- Load dataw ¥ Sett
After loading a new data set, Qetch _--w| cadnewdaa etings

processes the data for interactive querying

% Stock Prices (multiple time

di AMZN ~ Smooth iteration: @
> /
> /
The blue line is a smoothed data set: users can
change the degree of smoothing visualized.
T

Users choose a time series data
set and Qetch visualizes it.

Users can annotate

sketches with time and e
amplitude scales and 't
offsets as well as regex S =
operators  jeo___ g3 S
~~~~~~~~~ Ne ~
N e = \\ The bottom visualization allows users to
AY _ . . .
H I h I C/ C" @ |Qcer| Q Results Sl zoom in or out of certain regions of the data
S
.
Distance 1t Time series Smooth iteration~,  Time span Showall ~
N
o S 4
Users s!(etch their intended AMZN 3 o 4e e e
Qetch matches the sketch to a query directly on the canvas S 4 4
library of predefined queries or 4| “i50+15day APC 10 §  t6ddays 4 ! show
mathematical functions. Qetch (205 AMZN 5 ;s Qetch overlays selected match results color-coded by their
suggests the closest Predefined quq\.%es v | | History A | Similar predefined query available : goodness: green represents a good match, yellow is satisfactory
predefined query. e ; D \ MSFT 9 14 and red is poor. Show all will highlight all matches on the
‘7‘-\/-; \/\/\ /4/\ /\f »R,/\ (000 | MSET 9 15, Visualization. The visualization and the results table are linked.

Supports freehand sketching of temporal patterns to

interactively query time series.




3D Dynamic Queries [Akers 04]
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Pros & Cons

Pros
Controls useful for both novices and experts
Quick way to explore data



Pros & Cons

Pros
Controls useful for both novices and experts

Quick way to explore data

Cons

Simple queries

Lots of controls

Amount of data shown limited by screen space

Who would use these kinds of tools?



Summary

Most visualizations are interactive

Even passive media elicit interactions
Good visualizations are task dependent
Pick the right interaction technique

Consider the semantics of the data domain
Fundamental interaction techniques
Selection / Annotation, Sorting, Navigation,
Brushing & Linking, Dynamic Queries



Prompting Reflection



You Draw It [Aisch et al. '15]

Draw your line on the chart below

Percent of children who attended college

A

| >

Poorest Parents’ income percentile Richest



https://www.nytimes.com/interactive/2015/05/28/upshot/you-draw-it-how-family-income-affects-childrens-college-chances.html

An Interaction Grammar
(Vega-Lite Selections)

Satyanarayan, Moritz, Wongsuphasawat, Heer. TVCG’17



400+

350

300+

150+

Number of Records
S
i=3 o
s &
T L

1004

50

0

w o w o w

Histogram

o v Q 9w Q
- & &4 & o F

Temperature

Slope Graph

site

O Crookston

©) Duluth

O Grand Rapids
O Morris

© University Farm
O Waseca

1931
1932

year

BIN(Rotten_Tomatoes_Rating)

800
700
600
500
400

price

300
200

100

Line Chart

2004

2002

2006

2008

symbol
O AAPL
O AMZN
0 GOoG
O 1BM
O MSFT

2010

Binned Scatter Plot

104
100 4

BIN(IMDB_Rating)

Vega-Lite: A Grammar of

Number of Records
® 50

® 00

® =

Cylinders

Strip Plot

3+ HH

49 [N

54 ol

6+ (W

8+ LTI
T T T

0 50 100 150 200
Horsepower

Area Chart

series

@ Agriculture
@ Business services
@ Construction
@ Education and Health
@ Finance

@ Government

Information
Leisure and hospitality
Manufacturing

2000 2002

Graphics

®
@ Mining and Extraction
Other
Self-employed
o ae awe we g et
YEARMONTH(date)




temp_max

temp_max

Scatter Plot Matrix

wind

wind

Concat & Layered Views

MEAN(precipitation)

Jan-

Mar-

INERE:
L

IONTH(date)

Vega-Lite: A Grammar of

location
O New York
0) Seattie

Faceted Views

50 Origin
] © Europe
® ® O Japan
40+ O UsA

Origin
Q Europe
[ Japan
A UsA

sdaing

per.
g

7 o

wedep

uibug

vsn

Horsepower

Multi-View Graphics




Indexed Chart

Focus + Context
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Cross-Filtering in Vega-Lite
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Cross-Filtering in Vega-Lite
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Cross-Filtering in Vega-Lite

markBar().encode( 1,000
x().fieldQ('delay').bin(true), 500

y().count()

).data('data/flights.json') O s 25 s 5 5 15 25 a5 a5 5 es 75 85 o 105 s 15 1o 1es 155 1% 118

delay (binned)



Cross-Filtering in Vega-Lite
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Cross-Filtering in Vega-Lite

repeat('row')

.repeat({
row: ['delay’, 'distance’, ‘hour’]

)

1,000~

500 -

LI S T T T
-36 -25 -15 -5 5 15 25 35 45 55 65 75 85 85 105 115

delay (binned)

800
600
400

200

distance (binned)

400
300 -
200 -

100

T T T T
100 300 500 700 900 1100 1300 1500 1700

L
136 145 155 165 175

T ™
1900 2100 2300

T
0 1 2 3 4 5 8 7 8 9 10 1 12 13 14 15 16 17
hour (binned)

T T |
19 20 21 22 23 24



Cross-Filtering in Vega-Lite

layer( 100
markBar().encode(
x().fieldQ(repeat('row')).bin(true), ]
y().count(), m;f:.giiim:i, 5 s 15 25 35 45 s @ 75 8 s 105 15 1% 1 1 18 15 15
color().value('lightgrey')
),
markBar().encode(
x().fieldQ(repeat('row')).bin(true), |
y().count() distance (oined)
) 400 -
) -
.repeat({ 100
row: ['delay’, 'distance’, ‘hour'] T P e e 1 .
}) hour (binned)

.data('data/flights.json')



Cross-Filtering in Vega-Lite

brush = selectInterval().encodings('x')

1,000
layer(
500
markBar().encode(
X().ﬂe|dQ(repeat(|rOW|)).bin(true), % 4 5 5 5 15 2 -35- 45 55 65 75 65 95 105 15 125 135 145 185 165 175
() Count() delay (binned)
Y\). ’
color().value('lightgrey') .
).params(brush),
markBar().encode( | o
x().fieldQ(repeat('row')).bin(true), detance (iowed) e e e e e
y().count() a0
) 300
200
) 100
're peat({ Db 1‘ ‘2 é Ai Eln 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
row: ['delay', 'distance’, ‘hour'] rour (binnec)
1)

.data('data/flights.json')



Cross-Filtering in Vega-Lite

transform(filter(brush))
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Cross-Filtering in Vega-Lite

brush = selectInterval.encodings('x')

layer(
markBar().encode(
X().fieldQ(repeat('row')).bin(true),
y().count(),
color().value('lightgrey')
).params(brush),
markBar().encode(
x().fieldQ(repeat('row')).bin(true),
y().count()
).transform(filter(brush))
)
.repeat({
row: ['delay’, 'distance’, ‘hour']
})
.data('data/flights.json')
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Multi-view interactive graphics in ~10 lines of code



What constitutes a selection?

Input handlers: click, shift-click, drag, zoom, ...
Bindings

* Inputs: interactive brush, query widgets

* AXis scales: pan / zoom a scale domain

* Legends: interactive selection
Scale inversion: visual space - data space
Predicate: test if a data record is selected

A selection can then parameterize data transformations
and visual encodings.



Overview + Detail

Selections

Selections invert scales and
parameterize graphics

2000 2002 2004 2006 2008 2010
date
Origin 1.6k —
- - Europe
450 5 i @- 450 5 3 ;g Japan 1.4k H
L USA
400 o ®e 400 - (LD 1.2k
350 [ _TXa 350 -{ ‘il ok
- -« r B =
g 300 wa® ' g 300" e °
8 g . § 2 0.8k
8 250 @ & 250 o
& “* 3 %
8 200 L. 8 200 - 0.6k —
150 .“-' 150 ® g . 0.4k —
100 100 o v 0.2k
T T T 1 T T — 4 1
50 100 150 200 10 20 30 40 0.0k
Horsepower Miles_per_Gallon
45 250% —
symbol
40 O AAPL
£ 3 200% OAMaN
2 O GOOG
GI 3 O 1BM
ir 150% O MSFT
@ 2!
2
= 2 100%
@
bl | L
104 @ 10 50%
T T T T 1 T T T 1
50 100 150 200 10 20 30 40
Horsepower Miles_per_Gallon 0%
-50% —
Bind selection t le d ins:
INa selection to SCale domains:
-100%

T T T T T T T T ™1
Jan 2000 Jan 2001 Jan 2002 Jan 2003 Jan 2004 Jan 2005 Jan 2006 Jan 2007 Jan 2008 Jan 2009 Jan 2010

Synchronized Pan & Zoom! i
Parameterized Transformations



	Default Section
	Slide 1
	Slide 2: Learning Goals
	Slide 3: Topics
	Slide 4: Exercise: What is an Interaction?
	Slide 5
	Slide 6

	Gulfs of Execution & Evaluation
	Slide 7: Gulfs of Execution & Evaluation
	Slide 8
	Slide 9
	Slide 10: Gulf of Evaluation
	Slide 11: Gulf of Evaluation
	Slide 12: Gulf of Evaluation
	Slide 13: Gulf of Execution
	Slide 14: Gulf of Execution
	Slide 15: Gulf of Execution
	Slide 16
	Slide 17: Significance for Visualization

	Interactive Visualization
	Slide 18: Interactive Visualization
	Slide 19: Interaction Techniques
	Slide 20: Taxonomy of Interactions
	Slide 21: Taxonomy of Interactions
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29: Taxonomy of Interactions
	Slide 30: Taxonomy of Interactions
	Slide 31
	Slide 32
	Slide 33: Taxonomy of Interactions
	Slide 34: Taxonomy of Interactions
	Slide 35
	Slide 36
	Slide 37: Taxonomy of Interactions

	Selection
	Slide 50: Selection
	Slide 51: Basic Selection Methods
	Slide 52
	Slide 53
	Slide 54
	Slide 55: Basic Selection Methods

	Brushing and Linking
	Slide 56: Brushing & Linking
	Slide 57: Brushing
	Slide 58: Brushing & Linking
	Slide 59: Brushing Scatterplots
	Slide 60: Brushing Scatterplots
	Slide 61: Cross-Filtering
	Slide 62: Analyzing Whale Catches [Patil 23]
	Slide 63: Linking Time and Location [Patil 23]
	Slide 64: Linking Catches with Whale Characteristics [Patil 23]
	Slide 65

	Administrivia
	Slide 66: Administrivia
	Slide 67: A2: Deceptive Visualization
	Slide 68: A2 Peer Reviews
	Slide 69: I Like… / I Wish… / What If?

	Dynamic Queries
	Slide 70: Dynamic Queries
	Slide 71: Query & Results
	Slide 72: What are Some Drawbacks to Textual Queries?
	Slide 73: Issues with Textual Queries
	Slide 74: HomeFinder
	Slide 75: Direct Manipulation
	Slide 76: FilmFinder
	Slide 77: FilmFinder
	Slide 78: Alphaslider (?)
	Slide 79: FilmFinder

	Dynamic Queries - More Examples
	Slide 81: Zipdecode [Fry 04]
	Slide 82: NameVoyager [Wattenberg 06]
	Slide 83: DimpVis [Kondo 14]
	Slide 84: Parallel Coordinates [Inselberg]
	Slide 85: TimeSearcher [Hocheiser 02]
	Slide 86
	Slide 87: Qetch [Mannino 18]
	Slide 88: 3D Dynamic Queries [Akers 04]
	Slide 89: 3D Dynamic Queries [Akers 04]
	Slide 90: Pros & Cons
	Slide 91: Pros & Cons
	Slide 92: Summary

	Prompting Reflection
	Slide 93: Prompting Reflection
	Slide 94: You Draw It [Aisch et al. '15]

	Vega-Lite Selections
	Slide 95: An Interaction Grammar (Vega-Lite Selections) Satyanarayan, Moritz, Wongsuphasawat, Heer. TVCG’17
	Slide 96: Vega-Lite: A Grammar of
	Slide 97: Vega-Lite: A Grammar of
	Slide 98: Vega-Lite: A Grammar of
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109


