Data Visualization (CSCI 490/680)
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Aggregation: Histograms

e \/ery similar to bar charts
e Often shown without space between

(continuity)
*g‘ 15 e Choice of number of bins
2 10 - Important!
-5 . I - - Viewers may infer different trends based on
0 the layout

‘) ,\Q \% ,19/ qf>
Weight Class (lbs)

[Munzner (ill. Maguire), 2014]
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o 2D Histogram is a histogram in 2D encoded using color instead of height
® Hexbin advantages:

- Bins are more circular so distance to the edge Is not as variable

- More efficient aggregation around the center of the bin
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Modifiable Areal Unit Problem

[Penn State, GEOG 480]
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Boxplots

. . . ® OUTLIER More than 3/2
e Show distribution oo Umes of upper quarie
e Single value (e.g. mean, max, min, quartiles) WAXIMUM Greatest value

excluding outliers

doesn't convey everything

e Created by John Tukey who grew up in New
Bedford!

e Show spread and skew of data

UPPER QUARTILE 25% ol
data greater than this value

——MEDIAN 50% of data is
greater than this value;
middle of dataset

e Best for unimodal data

LOWER QUARTILE 25% of

e \ariations like vase plot for multimodal data data less than this value
e Aggregation here involves many different L
M arkS excluding outliers |

OUTLIER Less than 3/2
times of lower quartle [Flowinq Data]
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http://flowingdata.com/2008/02/15/how-to-read-and-use-a-box-and-whisker-plot/

Reducing Attributes

- Principle Component Analysis (PCA)

original data space
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M. Scholz, CC-BY-SA 2.0]
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http://phdthesis-bioinformatics-maxplanckinstitute-molecularplantphys.matthias-scholz.de/

1/ dimensions to 2

England N Ireland Scotland Wales
Alcoholic drinks 375 135 458 475
Beverages 57 47 53 73 400
Carcase meat 245 267 242 227
Cereals 1472 1494 1462 1582 3004 Wiales
Cheese 105 66 103 103 od &
Confectionery 54 41 62 64 N lreland

. 100 — relan
Fats and oils 193 209 184 235 England o
Fish 147 93 122 160 0 o o
Fresh fruit 1102 6/4 957 1137
Fresh potatoes 720 1033 566 874 -1004
Fresh Veg 253 143 171 265 200 —
Scotland
Other meat 685 586 750 803 o
-300 =
Other Veg 488 355 418 570
Processed potatoes 198 187 220 203 -400 , , , , , , , l
Processed Veg 360 334 337 365 -300 -200 -100 O 100 200 300 400 500
: cl

Soft drinks 1374 1506 1572 1256 ’
sugars 156 139 147 175

[Principle Component Analysis Explained, Explained Visually, V. Powell & L. Lehe, 2015]
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http://setosa.io/ev/principal-component-analysis/

Probing Projections

PROJECTION
| Edit projection ... | [_| Display dendrogram (| Display errors @ Display labels

SELECTIONS

+

new selection
select samples

CLUSTERING ©®

Clusters: e 5 c|yusters

2w

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
10 samples 9 samples 4 samples 4 samples 9 samples

DIMENSIONS

Educational attainment 32 o AEEN 94

Employees working very long hours 017 #lew. 4329
Life expectancy 69 — U

Life satisfaction 47 eI 73

® Portugal
® Brazil

Self-reported health 30 — el 90

® Mexico
Student skills 402 — e 547

Time devoted to leisure and personal care 13.42 el 1606

Years in education 141 _ s 19.7

L Lode [ L

® Turkey

[J. Stahnke et al., 2015]
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Showing Projection Errors
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White: higher levels of similarity
Gray: lower levels of similarity

[J. Stahnke et al., 2015]

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 9



Project Design

e \Vork on turning your visualization ideas into designs
® [Urn in:
- Three Designs Sketches
- Progress on Implementation
e Options:
- Try vastly different options
- Refine an initial idea
e Due Monday, Nov. 11
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Assignment 5

e Multiple Views and Interaction using Linked RHighlighting
e Due November 22
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http://faculty.cs.niu.edu/~dakoop/cs680-2019fa/assignment5.html

User Study & Results

e [ypes of Questions:
- How would you try to characterize the type X?
- In what way are X and Y different in their properties®

- Are the projections of X and Y correct or do they deviate” How do you
interpret this”

- Can you discover which parts of the cluster combinations are A, B, and C?
e Discussion:

- Learnabllity: need more effective mechanisms for grasping the concepts
behind dimensionality reduction

- Manipulation: What happens with results®?
- Large data: \What about text corpora’?

[J. Stahnke et al., 2015]
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Focus+Context

e Show everything at once but compress regions that are not the current focus
- User shouldn't lose sight of the overall picture
- May Involve some aggregation in non-focused regions
- "Nonliteral navigation” like semantic zooming

e [lision
e Superimposition: more directly tied than with layers
o Distortion
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Focus+Content Overview

(® Embed Reduce

> Elide Data ® Filter

-

® Aggregate

2 Superimpose Layer >
o o }»
o ® A o ®
oo so ' ® Embed

2 Distort Geometry

-

-

[Munzner (ill. Maguire), 2014]
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Elision
e There are a number of examples of elision including in text , DOITrees, ...

* |ncludes both filtering and aggregation but goal is to give overall view of the
data

¢ |n visualization, usually correlated with focus regions
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Degree of Interest Function

e DOl = I(x) - D(x,y)

- |: Interest function

- D: distance (semantic or spatial)

- X: location of item

- y: current focus point (could be more than one)
® |nteractive: y changes
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Elision: DOl Trees

e Example: 600,000 node tree
- Multiple foci (from search results or via user selection)
- Distance computed topologically (levels, not geometric)
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Superimposition

o Different from layers because this is restricted to a particular region
- For Focus+Context, superimposition is not global
- More like overloading

® | ens may occlude the layer below
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Superimposition with Interactive Lenses

S

e ;

S —— e N WA

RN

0745 0 I3BEE. .3 370105

LH235 31372 4509 37647 40784

(a) Alteration (b) Suppression

[ChronolLenses and Sampling Lens in Tominski et al., 2014]
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Superimposition with Interactive

I'Winwnrd.exe"|

"Hpgimzone . exe"
"hpriklog exe”

"acrord32.exe”

"ninotes.exeg"

"Notes.exeg"

20 more |abels
"adobe gamma load. ..

"opcdaserver .exg”
"launchtouchmon.e...
"Ippa exe”
"Hhotoshop elemen...
“apdproxy exe”
"lanc_x_zerveur....
"ngptray . exe”

-+ "reporting .exe"
"soandd.exe”

46 more Iabel=

"Iforeview.exe”

(c) Enrichment
[Extended Lens in Tominski et al., 2014]
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Distortion

IM. Bostock]
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http://bost.ocks.org/mike/fisheye/

Distortion Choices

e How many focus regions”? One or Multiple
e Shape of the focus?
- Radial
- Rectangular
- Other
o Extent of the focus
- Constrained similar to magic lenses
- Entire view changes
e [ype of interaction: Geometric, moveable lenses, rubber sheet
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Overplotting
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http://bost.ocks.org/mike/fisheye/

Cartesian Distortion
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Cartesian Distortion
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Stretch and Squish Navigation
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FIsheye Distortion In Programming

D. Koop, CS 490/680, Fall 2019

g FastDateFormat.java X

66public class FastDateFormat extends Format {

w i -'“-E [T — S ————

z w—wm—_l‘q o1 LT

8§ pestnasad veid a3 1
571 protected List parsePattern() {
£7% Stzing[] ERAs - symbols.getEzasi);
576 St=ing[] months - symdola.getMoatha();

Stzing(] shortMonths = symbols.getShortMontha():

for (int i = 0; 1 < length; i++) {
int tokenlLen = token.length():
Rule rule;
char ¢ = token.charAt(0);

switch (c)

case 'G': // era designator (text)
rule = new TextField(Calendar.ERA, ERAS);
break;

case 'y': // year (number)

if (tokenlLen >= 4)
rule = selectNumberRule (Calendar.YEAR, tokenlen):;
} else
rule = TwoDigitYearField. INSTANCE;
H
break;
case 'M': // month in ¥y
if (tokenLen >= 4)
rule = new TextField(Calendar.MCONTH, months):;
} else if (tokenlLen == 3) {
rule = new TextField(Calendar.MONTH, shortMonths):
} else if (tokenlLen == 2)
case 'd': // day in month (number)

- 'c-

0

» -

-
e

« D
[

-
Tnte /S mAarsrYy I o 2am/nm 'vrsmbher g 19
case 2 R 0UrY 1ol aly/pm (numoer, 1e ol an)
P30 Tru 7 Rt -t PR - T o ~ -~ =
case 'H': nour in day (number, 0..23)
case 'm': minute in hour (number)
=t - y T T ™ - it ™ w&:— »
case == / Seconda in ace 1umpoe
case '3 nillisecond (mumber
case E :;y Il weES K Caxt)
case ‘D°': 22y i yazxs [sr==bec
e T Say =S wmas ia weelD seslees
waan ‘W e b
— — — — e o

[Jakobsen and Hornbaek, 2011]
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Distortion vs. Hide

| i] DefaultGalleryItemRenderer.java - — O
package org.eclipse.nebula.widgets.gallery; NN
public class DefaultGalleryItemRenderer extends Aibs

boolean dropShadows = false;
public volid draw(GC gc, GallervyItem item, int 1
if (itemImage '= null) { v

slze = getBestSize (ilmagellidth, imageHeigh'

xohift = (width - size.x) >> 1;
vohift = (useableHeight - size.y) >> 1;

if (dropShadows) {
Color ¢ = null;
for (int 1 = this.dropShadowsSize - 1
¢ = (Color) dropShadowsColors.get
gc.3etForeground (c) ;

goe.drawlLine(x + width + 1 - X5Shift

e Ay arl amnalflvy L vQhhafFe+r L AveanShhad,
} N

¥
public volid setDropShadowsSize (int dropShadousS v ¥

[Jakobsen and Hornbaek, 2011]
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Research Questions

® |s a priori importance useful (and for what)?
e \What does the user focus on?
- predictablility of view changes when focus changes
- how direct user control Is
- task & context
e \Vhat interesting information should be displayed
- degree of interest function may produce varied result sizes
* Do fisheye views integrate or disintegrate”?
- interference with other interactions; allow on-demand use”

e Are fisheye views suitable for large displays?
[Jakobsen and Hornbaek, 2011]
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Distortion Concerns

e Distance and length judgments are harder
- Example: Mac OS X Dock with Magnification
- Spatial position of items changes as the focus changes
e Node-link diagrams not an issue... why"?
e Users have to be made aware of distortion
- Back to scatterplot with distortion example
- Lenses or shading give clues to users
e Object constancy: understanding when two views show the same object
- What happens under distortion®
- 3D Perspective is distortion... but we are well-trained for that
e Think about what is being shown (filtering) and method (fisheye)
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H3 Layout

[T. Munzner, 1998]
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https://www.youtube.com/watch?v=fhbQy_NCwWI

H3 Layout

[T. Munzner, 1998]
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https://www.youtube.com/watch?v=fhbQy_NCwWI

Focus+Context in Network Exploration
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[Lambert et al., 2010]
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Focus+Context in Network Exploration
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[Lambert et al., 2010]
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Focus+Context in Network Exploration

(a) Bring (step 1) — Selecting a node fades out (b) Bring (step 2) — Neighbor nodes are pulled (¢c) Go — After selecting a neighbor (the green
all graph elements but the node neighborhood. close to the selected node. node 1n Fig. 4(b)), a short animation brings the
focus towards a new neighborhood.

[Lambert et al., 2010]
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JavaScript Data Wrangling Resources

e hitps://observableng.com/@dakoop/learn-js-data
e Based on http://learnjsdata.com/

e (Good coverage of data wrangling using JavaScript
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