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Overview: Reducing Items & Attributes

(® Filter @ Aggregate

> ltems > |[tems
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[Munzner (ill. Maguire), 2014]
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'tem Filtering on Maps
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http://archive.nytimes.com/www.nytimes.com/interactive/dining/new-york-health-department-restaurant-ratings-map.html

Attribute Filtering on Star Plots

(a) (b)

(c) (d) [Yang et al., 2003]
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Attribute Filtering

e How to choose which attributes should be filtered?
- User selection?

- Statistics: similarity measures, attributes with low variance are not as
iNnteresting when comparing items

e Can be combined with item filtering
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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/

Upcoming Work

e Assignment 5: Last Assignment
e Project: Continue working on projects
- Reading Data: Link
- Presentations: last week of class
- Final Report: due at the end of the semester
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https://observablehq.com/d/fb81617efc24f196

Attribute Aggregation
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K-Means

L4 L4
° -
° * ..
° Qe o°
° e o [ ) () ‘ o ® [ )
% .. *%ces, .. e
'.. °® .o ..
= °.So.'.o.. °* . . P
L o ..so': . L]
o oo &0 ¢ e
.:0 ° .o‘ o .. o0 o .:
:. .. o “. { O [ ]
On0 *° .o..o:.o .‘: .$o.
e o X ... ‘...’... . 8 o
g t':{". @ <" 2t
s g8 o A e ° ° % o oo
° % e .‘ o 0 8 % ° ™) '
.0‘0.‘.0 °® o9 o0 ®
e 0 « ‘et
o o0 o°: .2
° : \‘. :.o .\0‘..
LK) o 0, %4 g0
& ° ..... ® .‘...'
o ..o K o o :‘o ¥l .
i $ a ° ‘ ® o0 .8. °® ° 4 ° ®
° * ° :‘ :. ° y e o u n
e ©® o °* (1 * °
o o . o ® . s ° o
o0®
%
o >
.. ... :.O [ ]
o o )
% %% . 5 .
) .00.. ..o [ ] ® °
° @ . oo o °
o o 4 .. ° °aq ® o ° .o ® ”® .0
[ .o W ..': ° .‘. ;. L ® PR .°'o. :
P I L . PO R L
* % e oo e ® 0~° ® LA ) ° .3 ] ~‘
5 ° : 0{" ° ¢ °° Q.. ° .% - ".'00:. ° ;'.
° o ® o o o ° °. o ° °
o, * ° o8 ° % ° * "'.o. LY
I o’“oﬁ..’. :. ’ * e '.~.0“.;.“.00:=:.. 03
¥.° % e, On © ® o & ‘4 s’
¢ e "0l o ® oo %o’ P ce e ee, eo° =, %0’ o Ol
LR S T 4 e
° > oo 0.‘:. . o°® ::. . .o ° . e . ..: ...: °o .g.oa..:’v...::. s
O (Y Op O 'Y ° o Seoe . ™
it ° :o:. t .' * :' g L) . .'Q:Q.O:.“"‘o L)
* o' e o g ° o.’ O LR\ T T .""'4
et . S eee T 0 DALY S
°® g oo! A ® o® °o° o “ﬁ..u....:‘o...‘.‘ '
P [ - % ® .' S0 . P | 20
- o8, [C- O |S, 14

D. Koop, CSCI 627/490, Spring 2026 @ Northern Illinois University 11


http://www.bytemuse.com/post/k-means-clustering-visualization/

K-Means Issues
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Dimensionality Reduction

o Attribute Aggregation: Use fewer attributes (dimensions) to represent items

e Combine attributes in a way that is more instructive than examining each
individual attribute

o Example: Understanding the language in a collection of books
- Count the occurrence of each non-common word in each book

- Huge set of features (attributes), want to represent each with an aggregate
feature (e.qg. high use of "cowboy", lower use of "city") that allows clustering

(e.g. "western")
- Don't want to have to manually determine such rules

e [echniques: Principle Component Analysis, Multidimensional Scaling family of
techniques
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Principle Component Analysis (PCA)

original data space

component space

| PCA
—
PC 1 ) ko

i B + _ S Xé@ '
% ) : £ x i :
Q)

N Ol =

\ PC 1

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

PCA

original data set output from PCA
10 6 -
q 4
o
2
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[Principle Component Analysis Explained, Explained Visually, V. Powell & L. Lehe, 2015]
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http://setosa.io/ev/principal-component-analysis/

1/ dimensions to 2

Alcoholic drinks
Beverages
Carcase meat
Cereals

Cheese
Confectionery
Fats and oils
Fish

Fresh fruit
Fresh potatoes
Fresh Veg
Other meat
Other Veg
Processed potatoes
Processed Veg
Soft drinks
sugars

England
375
5/
245
1472
105
54
193
147
1102
/720
253
685
488
198
360
1374
156
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N Ireland
135
47
267
1494
66
41
209
93
6/4
1033
143
586
355
187
334
1506
139

Scotland
458
53
2472
1462
103
62
184
122
957
566
171
/50
418
220
337
1572
147

Wales
475
/3
227
1582
103
64
235
160
1137
374
265
803
570
203
365
1256
175
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[Principle Component Analysis Explained, Explained Visually, V. Powell & L. Lehe, 2015]
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http://setosa.io/ev/principal-component-analysis/

Non-linear Dimensionality Reduction

original data space A component space 2

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

Dimensionality Reduction in Visualization

Crhimimer

[Glimmer, Ingram et al., 2009]
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lasks In Understanding High-Dim. Data

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

[Munzner (ill. Maguire), 2014]
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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 1 10 samples
Cluster 3 4samples

Educational attainment

Employees working ve...

®Chile Life expectancy
Life satisfaction
Self-reported health
Student skills

Time devoted to leisur...

Years in education

® Turkey

® Slovenia

® Poland
® Estonia
lungary

46 —
25 <A
75 - o
6.5 =peadSlN
65 all.
430 - <
14 | .

16 A

® Korea

® Japan

® Russian Federatic

PROJECTION

Edit projection ...

SELECTIONS

from 1sample

CLUSTERING ©

Clusters: () » 5 clusters
Cluster1 Cluster 2 Cluster 3
10 samples 9 samples 4 samples
Cluster 4 Cluster 5

4 samples 9 samples

DIMENSIONS

Educational attainment

Employees working very long hours

Life expectancy

Life satisfaction

Self-reported health

Student skills

Years in education

MEgmmar.a

| Display dendrogram @ Display errors @ Display labels

32

0.17 dlis.

69 m SR

47 cenil BN

30 e RN

402 NS

Time devoted to leisure and personal care 13.42 L e,

14 o

EE
EE

43.29

82.8

542

16.06

19.7

[J. Stahnke et al., 2015]
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http://julianstahnke.com/probing-projections/

Probing Projection Goals

e Examining the Projection
e Exploring the Data
e Design Goals:
- Show and correct approximation errors
- Allow for multi-level comparisons
- Spatial orientation
- Consistent design
e Allow grouping of samples
- Selections
- Classes
- Clusters

[J. Stahnke et al., 2015]
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looltips with statistics

. ® Austria
® United States

. O
® United Kingdom ® Slovenia FHelkike
® |srael
o Portugal
® Luxembourg Educational attainment 35 -240 .
Employees working ve... 9.31 -0.0340 .

Life expectancy 80.8 +0.39¢
Life satisfaction 5.2 -160 e ——
Self-reported health 50 -130
Student skills 488 -0.200
Time devoted to leisur... 14.95 +013 0

» . . .
Years in education 17.8 +0.310 : Russian

correct distances

® Portugal

® Brazil
razi [J. Stahnke et al., 2015]
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Comparing Two Groups

® Finland
South America 3 samples
Northern Europe 9 samples pds
IE / gium
Educational attainment 50 77 AR
Employees workingve... 18 6.2 Elisin Germany
_ife expectancy 75 81 -
_ife satisfaction 71 74 VS ® Crech
Self-reported health 65 77 VN
Student skills 420 500
Time devoted to leisur... 14 15 <l ool

Years in education 16 19 4

[J. Stahnke et al., 2015]
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Heatmap from Dimension Hover

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

SELECTIONS

+

new selection
select samples

CLUSTERING ©®

Clusters: e 5 c|yusters

S
2

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

DIMENSIONS

“ Educational attainment 322 — 4N o
r Employees working very long hours 017 Ml - 43.29
. Life expectancy 69 WY
r Life satisfaction 4] A 73
by T ‘ Self-reported health 30 — el 90
® exico
. Student skills 402 — B 547
- Time devoted to leisure and personal care 13.42 el 1606
’ Years in education 14 _ e 197

® Turkey

[J. Stahnke et al., 2015]
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Showing Error via Sample-centric Halos

l. versicolor 1sample

. virginica 50 samples

Sepal length 6.3 6.6
Sepalwidth 2.3 3
Petal length 44 5.6
Petal width 1.3 2

D. Koop, CSCI 627/490, Spring 2026

x

PROJECTION

Edit projection ...

SELECTIONS

outliers virgin.

3 samples

CLASSES ©®

|. setosa
50 samples

CLUSTERING

Clusters:

.

Cluster1
50 samples

DIMENSIONS

:

long petals new selection
15 samples
l. versicolor . virginica
50 samples 50 samples
4 clusters

B . >
Cluster 2 Cluster 3 Cluster 4
50 samples 33 samples 17 samples

‘ Sepal length 4.3 ____AL 7.9

1 Sepal width 2 ,_‘AL; 4.4
i

- Petal length 1

.. 5o

| Display dendrogram || Display errors [ | Display labels

[J. Stahnke et al., 2015]
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Showing Projection Errors

o o o
® O
¢ ° ST\ °
o “ 'Y B P PY
°® : o o
[ O
o o “‘ o
® O
o ° o o o ¢
° o® = ’
“ “ “ :t “ . o
0 ®® O O
& ® L P8 ° . .
® .o

White: higher levels of similarity
Gray: lower levels of similarity

[J. Stahnke et al., 2015]
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User Study & Results

¢ [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
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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 2026 Northern Illinois University 29




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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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 2026 Northern Illinois University 31




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 2026 Northern Illinois University ~ 32



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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[Heer and Card, 2004]
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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 —

> gl ~—  Arabic
& ‘ .
. '9) . V-“ <. 18 itens. . >
" 't f 't o b B Eusiara - Adalt
yl Curren OCUS pOln Lt » Faoese B Aty
- o et B
; .
. . £ pans B Fravgais B o
" \ AR > Frysk ez
L) amm—— - b Galego = Home
DYK_DVNK > dagfo AT B $reek B Kide_and_Teens N
RDYE_ TN Ao _deo . oS dinaddd I : oo tews - Top
' b L - . P Recreation )’
oMY bJu,ﬁ R P = Hindi
OMT_VUN_DY RN <7 fems. > B Hisatsi | o= Refetence
g oYY > — N : 2 »- Regioral
NI P30 S ) P Indonesia , -
& OVINIK_IMa ey P .0 A — ;‘ = Sciense
PICY - AN - V0 B italiano N P Shopping
TaNan_nerren VIEY YNy _ oM = an B Japene »e . .. Society
nnn - T EOW ~nym = Kannada \." Sperts
» DOYAN_DYn - WNL_DMT » Kineahili S World
DINT_TNING ‘ » Y0 Pioe Karean
* TLOM - phawnn e Latvian
- own <.7 flams. > <. 31itens >

[Heer and Card, 2004]

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 34



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 2026 Northern Illinois University ~ 35



Superimposition with Interactive Lenses

W4

s
T

4

AL e

b s e L T R T

X —--T.., e iy e M L e
g b S e ]
e e s S Du S

e —

AN R

30745 0 1388 3 37019.5

2H235 31372 34509 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"
"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]
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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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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 {
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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)
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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]
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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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