Data Visualization (CSCI 627/490)
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Overview: Reducing Items & Attributes

(® Filter @ Aggregate
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[Munzner (ill. Maguire), 2014]
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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 \% ,\9/ qf>
Weight Class (lbs)

[Munzner (ill. Maguire), 2014]
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Spatial Aggregation

[Penn State, GEOG 480]
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Aggregation: Boxplots

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

excluding outliers

doesn't convey everything
e Created by John Tukey
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
e \/ariations like vase plot for multimodal data
LOWER QUARTILE 25% of

e Aggregation here involves many different data less than this value
marks

MINIMUM Least value,
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/

lasks In Understanding High-Dim. Data

Task 1 Task 2 Task 3
— E C — N = N
£ £ € c £ c &
S 8 A8 alla O o
tem 1 tem 1 tem 1
tem ... tem ... tem ...
tem n tem n tem n
In Out In
HD data =» 2D data =) 2Ddata =) Scatterplot =)  Scatterplot =) Labels for
Clusters & points Clusters & points clusters
What? What? How? What?
3 In High- (3 Produce (®In 2D data (®) Discover (@) Encode () In Scatterplot (® Produce
dimensional data (3)Derive (® Out Scatterplot (®Explore (@ Navigate (® In Clusters & points (2 Annotate
(® Out 2D data (® Out Clusters & (@ Identify (3 Select (® Out Labels for
points clusters

[Munzner (ill. Maguire), 2014]
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Principle Component Analysis (PCA)

original data space

component space

| PCA
—
PC 1 ) ko
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M. Scholz, CC-BY-SA 2.0]
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http://phdthesis-bioinformatics-maxplanckinstitute-molecularplantphys.matthias-scholz.de/

Probing Projection

® Denmark

@ Czech Republic

® Sweden ® Finland
® |celand
® Netherlands
® Norway .
® Australia ® Belgium
® Switzerland
® Canada
® New Zealand ® Germany
® |reland
® Austria
® United States
® United Kingdom
® France
®|srael
1sample

® | uxembourg

® Brazil

® Mexico
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Cluster 3 4samples

Educational attainment

Employees working ve...

®Chile Life expectancy
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® Turkey
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® Korea
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PROJECTION

Edit projection ...

SELECTIONS

from 1sample

CLUSTERING ©

Clusters: () » 5 clusters
Cluster1 Cluster 2 Cluster 3
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Cluster 4 Cluster 5
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DIMENSIONS
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http://julianstahnke.com/probing-projections/
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https://faculty.cs.niu.edu/~dakoop/cs627-2025sp/assignment5.html

Final Project

® Designs feedback soon

e \Vork on implementations

o Presentations will be last week of class
e Reports due at the end of the class

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 10




Focus+Context Overview

(® Embed Reduce

> Elide Data ® Filter

-

® Aggregate

2 Superimpose Layer >
o O }»
o ® » o ®
CI ¢ e O ° @ EmbEd

2 Distort Geometry

1

e

[Munzner (ill. Maguire), 2014]
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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
e Distortion

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 12




Elision
e [here are a number of examples of elision including in text , DOl Trees, ...

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

® |n visualization, usually correlated with focus regions

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 13




Degree of Interest Function

e DOI = 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

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 14



Elision: DOl Trees

o Example: 600,000 node tree .
- Multiple foci (from search results or via user selection)
- Distance computed topologically (levels, not geometric)
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Elision & Degree of Interest Function

e DOI = I(x) - D(x,y)
- |: Interest function
- D: distance (semantic or spatial)
- X: location of item —
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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

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 17



Superimposition with Interactive Lenses

W4
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(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"
"hprhlog.exe”

"acrord3z.exe"
"ninotes.exe"
"Notes.exg"

2% moare [3bels
“adobe gamma load. ..

"opcdaserver . exe”
"launchtouchmon.e...
"Ippa.exe”
"nhotoshop elemen...
“apdproxy .exe”
"lanc_x_serveur....
"ngptray .exe”

-+ "reporting .exe”
"soandd exe”

46 more abels

"Iforeview.exe"

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

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 19



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

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 21




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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-Isheye Distortion iIn Programming

g FastDateFormat.java X

66public class FastDateFormat extends Format {

wm
B |
L |
= Hpenl

"
-
m A

-;.;;.pziu;-.;:--bl
o4

protected List parsePattern() {
Stzing[] ERRa — symdbola.getEzas();

St=ing[] months — aymdala.gaetMontha();

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': // ¥y
if (tokenlLen >= 4)
rule = selectNumberRule (Calendar.YEAR, tokenlen):;
} else { I
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)
13 B o s ot e . T -~ -~
case 'H': nour in day (number, 0..23)
case 'm': minute in hour (number)
=t - y T T ™ - it ™ w&:— »
case - Sk / Seccecndad in aTce 1T er
case '3 nillisecond (nmumber
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
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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”
- predictability 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]

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 27




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)

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University ~ 28




H3 Layout

[T. Munzner, 1998]

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 29



https://www.youtube.com/watch?v=fhbQy_NCwWI

H3 Layout

[T. Munzner, 1998]

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 29



https://www.youtube.com/watch?v=fhbQy_NCwWI

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]

D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 30



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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Data
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Data WWrangling

e Problem 1: Visualizations need data
e Solution: The Web!

e Problem 2: Data has extra information | don't need
e Solution: Filter it

e Problem 3: Data is dirty
e Solution: Clean it up

e Problem 4: Data isn't in the same place
e Solution: Combine data from different sources

 Problem 5: Data isn't structured correctly
e Solution: Reorder, map, and nest it
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Hosting data

® qithub.com

® qgist.qgithub.com

® figshare.com

® My|SON.coOMm

® Observablehg.com
e Other services
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http://github.com
http://gist.github.com
http://figshare.com
http://myjson.com
http://observablehq.com

Cross-origin resource sharing (CORS)

e Restricts where data can be loaded from
o |f developing locally, can

- Run a web server locally (python -m http.server OF NPDM'S http-server)

- Put the data on a website (like github), make sure to use raw URLS
e |f [oading JavasScript, this sometimes requires more help
- https://www.|sdelivr.com/?docs=gh
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Why JavaScript”?

e Python and R have great support for this sort of processing

e Data comes from the Welb, want to put visualizations on the Web
e Sometimes unnecessary to download, process, and upload!

e More tools are helping JavaScript become a better language
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JavaScript Data Wrangling Resources

e | atest version: https://observableng.com/@berkeleyvis/learn-js-data
e My old version: https://observableng.com/@dakoop/learn-js-data

e Based on http://learnjsdata.com/

e (Good coverage of data wrangling using JavaScript
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Comma Separated Values (CSV)

e e structure:

cities.csv:

city,state,population, land area
seattle,WA,652405,83.9

new york,NY,8405837,302.6
boston,MA, 645966,48.3

kansas city,M0,467007,315.0

e | pading using Da3:

d3.csv("/data/cities.csv").then(function(data) {
console. log(datal0]);

F);
e Result:

=> {city: "seattle", state: "WA", population: 652405, land area: 83.9}
e \/alues are strings! Convert to numbers via the unary + operator:

- d.population => "652405"

- +d.population => 652405
[http://learnjsdata.com]
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Tab Separated Values (TSV)

e e structure:

animals.tsv:

name type avg_weight
tiger mamma L 200

hippo mamma L 3400

komodo dragon reptile 150

e | pading using Da3:

d3.tsv("/data/animals.tsv").then(function(data) {
console. log(datal0]);

F);
® Result:
=> {name: "tiger", type: "mammal", avg_weight: "260"}
e Can also have other delimiters (e.g. ', ;")

[http://learnjsdata.com]
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Javascript Object Notation (JSON)

e [ile Structure:

emp loyees. json:

[

{"name":"Andy Hunt",
"title":"Big Boss",
'"age": 068,

"bonus": true

¥

{"name" :"Charles Mack",
"title":"Jr Dev",
"age' : 24,

"bonus": false

}

]

e | pading using Da3:

d3.json("/data/employees.json".then(function(data) {
console. log(datal0]);

F);
e Result:

=> {name: "Andy Hunt", title: "Big Boss', age: 68, bonus: true}

[http://learnjsdata.com]
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| oading Multiple Files

e Use Promise.all to load multiple files and then process them all

Promise.all([d3.csv("/data/cities.csv"),
d3.tsv("/data/animals.tsv")])
.then(analyze);

function analyze(data) {
cities = datal@]; animals = datalll;

console.log(cities[0]);
console.log(animals[@]);

}
=> {city: "seattle", state: "WA", population: "652405", land area: '"83.9"}

{name: "tiger", type: "mammal", avg_weight: "260"}

[http://learnjsdata.com]
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Filtering Data

o Often useful to filter data before loading into a visualization
o Already seen this with array functions

e data = [{name: "Two-Egg Breakfast", price: 12.39},
{name: "Hash Brown", price: 1.99},
{name: "Eggs Benedict", price: 11.29},
{name: "Coffee", price: 2.49}]

data.filter(d => d.price < 5)
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Combining Data

® Suppose given products and brands
e Brands have an id and products have a brand id that matches a brand

e \\lant to join these two datasets together
- Product.brand 1d => Brand.1id

e Use a nested forEach/filter

e Use a native join command

[http://learnjsdata.com]
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Summarizing Data

e d3 has min, max, and extent functions of the form
- 1st argument: dataset
- 2nd argument: accessor function

e Example:

var landExtent = d3.extent(data, function(d) { return d.land area; });
console. log(landExtent);
=> [48.3, 315]

e Summary statistics, e.g. mean, median, deviation = same format
e \edian Example:

var landMed = d3.median(data, function(d) { return d.land area; });
console. log(landMed);
=> 193.25

[http://learnjsdata.com]
D. Koop, CSCI 627/490, Spring 2025 Northern Illinois University 45



http://learnjsdata.com

Grouping Data

e [ake a flat structure and turn it into a (potentially nested) map
e Similar to a groupby In databases
e Data

var expenses = [{"name":"jim","amount":34,"date":"11/12/2015"},
{"name":"carl","amount":120.11,"date":"11/12/2015"},
{"name":"jim","amount":45,"date":"12/01/2015" },
{"name" :"stacy","amount":12.00,"date":"01/04/2016" },
{"name":"stacy","amount":34.10,"date":"01/04/2016" },
{"name":"stacy","amount":44.80,"date":"01/05/2016" }

] .

e (Grouping:
expensesByName = d3.group(expenses, d => d.name)

e Results:

Map(3) { "jim" => Array(2) [Object, Object]
"carl" => Array(1l) [Object]
"stacy" => Array(3) [Object, Object, Object] }
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Rollup Data

e Data

var expenses = [{"name":"jim","amount":34,"date":"11/12/2015"},
{"name":"carl","amount":120.11,"date":"11/12/2015"},
{"name":"jim","amount":45,"date":"12/01/2015" },
{"name":"stacy","amount":12.00,"date":"01/04/2016" },

{"name" :"stacy","amount":34.10,"date":"01/04/2016" },
{"name":"stacy","amount":44.80,"date":"01/05/2016"}

]

e Using d3.rollup:

expensesAvgAmount = d3.rollup(

expenses . the aggregation function

v => d3.mean(v, d => d.amount), // aggregate by the mean of amount

(difference from group)

"3im" => 39.5
"carl" => 120.11
"stacy" => 30.3

}

[http://learnjsdata.com]
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groups and rollups

e Both group and rollup return Map objects

e groups and rollups are the same functions but return nested arrays
e More examples: https://observablehg.com/@d3/d3-group
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arquero

o | ibrary for query processing and transformation of array-backed data tables
e Similar to database and/or dataframe frameworks

* |ntegrates with Apache Arrow

e Documentation

e |lustrated Guide to Arquero's Verbs
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