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—
o SMU

ot ol : SINGAPORE MANAGEMENT

Information Systems UNIVERSITY

Lesson 5
Visualising and Analysing
Multidimensional Data

Instructor: Dr. Kam Tin Seong
Associate Professor of Information System (Practice)
School of Information Systems
Singapore Management University

What will you learn from this lesson?

e Understand the characteristics of multidimensional
data

e Visual analytics techniques and tools for visualising and
analysing multidimensional continuous data

e Visual analytics techniques and tools for visualising and
analysing multidimensional categorical data

e Sensing both categorical and continuous
multidimensional data

e Multidimensional data analysis best practices
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continuous data

Visual analytics techniques of multidimensional

e Trellis display

e Ternary

e Glyphs

e Parallel coordinates
e Heatmap

e Table Lens

e Tableplots

Information Systems

Trellis Display: Basic principles

e More popularly know as small multlples
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Interactive Trellis
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Trellis Display |
Treatment Tracker
The Doctors and Services in Medicare Part B
Ambulances for Dialysis Patients on Rise
by Eric Sagare and Charles Ornstein, ProPublica & et (10 I3 o 10

June 12, 2014

New Jersey leads the nation in 1 Medi ding on ambul ‘ces per dialysis patient, billing for unusually large numbers of non-emergency
ambulance rides, according to a our analysis of Medicare payment data. Several ambulance providers said they've heard of providers who sign up patients who don't
aeed the serviee — a form of fraud. The charts below show spending by state from 2001 to 2011, compared to national averages. Sort by the most-recent year or by
state. Related story: Medicare Taken For a Ride By Ambulance Companies in New Jersey.

Source: http://www.propublica.org/article/medicare-taken-for-a-ride-by-ambulance-
companies-in-new-jersey
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Trellis Display Il

Likelihood of Every Country's World Cup Draw
ALGERIA oo ARGENTINA oo AUSTRALIA BELGIUM BOSNIA/HERZ.  5ox BRAZIL
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1 1 10
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Source: http://www.nytimes.com/interactive/2014/06/03/upshot/world-cup-draw-simulation.html
. SINGATORE MANAGEMENT
Information Systems URIVERSITY
Beyond bivariate data
e Three continuous variables
CENSUS OF POPULATION 2010
‘Table A3 Resident Population by Planning Area, Age Group and Sex
Number
Total 04 s | 104 | 1519 [ 204 | 2520 | 3034 | 3539 | 404 | 4549 50-54 §5-59 60-64 | 65 & Over
Planning Area
Total
Total 432 | 25675 | 244302 | 25750 | 24790 | 2izese | 298687 323459 2696 | 191995 | 338,387
Ang Mo Kio 179207 8414 o335 | 10457 | 10656 | 13400 14862 1868 | 21401
Bedaok 204,519 13,230 15,018 17,480 20,083 20,156 21,265 24,615 18018 31,846
Bishan 91,298 3,041 4759 5,691 7,188 6,338 5930 5141 8,833
Bukit Batok 7,187 8516 ome | w4 | wes | uam 6487 [ 9404
Bukit Merah 8040 6894 7470 10,865 10782 | 24000
Bulat Pangang 128,734 7,106 9324 10,224 974 9,102 5316 847
Bulat Tamah 0314 ns 4681 5.238 4,613 3816 4178 1638
Changi 159 139 o 1 n 178
Choa Chu Kang. 15,195 15,362 11,637 11,893 5,855 9,265
Goemeat 4713 4732 513 7,093 648 [ 10628
Dowatown Core 140 137 161 27 262 616
Planning Zone Young Active | Old
Outram 2260 13788 s
DowntownCore 406 2700|616
Rachor 1899 11341 2424
Queenstovn 13777 69670 | 15055
Bukit Merah 21835 111287 24000
Toa Payoh 19327 88E8 | 18538
Kallang 13861 71438 | 14260
Manine Parade [ELERRE VAL o629
Novena 739 33164 | 6087
Geylang 17887 8237 [ 14798
Ang Mo Kie 25726 132170| 21401
Others
Clementi
Bulat Timah 12252 50424| 7638 ey
Bedok 45737 217136( 616 ve SM'
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Ternary chart
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Ternary Chart
e ggtern: ternary diagramsin R
(http://www.ggtern.com/)
Feldspar - Elkins and Grove 1990
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D3.js based Ternary Chart

e Ternary Plot in D3.js (http://bl.ocks.org/tomgp/7674234),

(https://gist.github.com/widged/5780720),

(http://bl.ocks.org/tomgp/7766353)

Information Systems

Data change

o
Journalist

Designer

~ 100

Developer

SINGATOIE MARAGEMENT
URIVERSITY

Multidimensional continuous data

Province
Da Nang
Dong Thap
Lao Cal
Quang Ninh
Vinh Phuc
Ben Tre
HEMC
Kien Giang
Long An
Quang Nam
Thai Nguyen
Thanh Hoa
CaMau
Cao Bang
Hung Yen
Lang Son
An Giang
Bac Giang
Bac Lieu
Bac Ninh
Binh Dinh
Binh Duong
Binh Thuan
BRVT
CanTho

Information Systems

9.19
a7
864
9.18
841
859
757
B8.66
8.76
852
884
844
79
847
821
812
868
8
798
81
9
808
821
809
818

e Multivariate data

Time
Access  Transparency  Costs

635 7.33 75
681 708 854
585 689 666
6.26 709 727
6.13 649 748
782 5.66 78
518 6.51 611
6.43 657 815
6.26 6.1 737
652 6.11 7.55
667 657 674
574 67 592
59 539 758
518 566 586
527 488 608
532 583 506
594 65 7
605 5.83 698
78 577 75
585 7.1 637
6.05 6.17 747
6.55 6.66 6.85
6.14 6.2 6.58
583 628 641
601 598 713

Tnforma
charges

611
631
451
603
588
645
437
538
648
645
533
474
513
423
461
463
456
5.76
617
422
534
484
615
512
609

e More than three variables

Entry | La
Costs

477
6.69
644
469
5.65
516
428
456
5.83
416

45
344
498
482
421

54
441

a7
729

35
485
447
5.81
534

L]

Bias  Proactivity

617
704
6
531
5.78
4.88
419
5.78
5.48
513
5.09
432
472
39
42
332
447
4amn
597
5.07
487
558
446
438
432

Business support

6.06
594
62
592
526
551
7
54
516
577
4.82
6.06
5.69
53
518
551
567
569
497
535
523
52
568
556
589

training

v Tegal PCI | PCI 2015
Institutions 2015 ranking | PCl tier
7.62 646 6834 1| Excellent
571 744 6639 2 Excellent
584 633 6232 5 | Excellent
719 593 6575 3 | Excellent
6.65 628 6256 4 Excellent
551 633 60.1 12  High
6.89 504 6136 6| High
52 762 6031 11| High
588 648 6086 9| High
5.76 68 6106 8| High
7.14 569 6121 7| High
682 583 6074 10 High
445 535 544 59 | Low
587 483 5444 58 | Low
6.72 587 551 56 | Low
5.55 519 5461 57 | Low
514 618 5761 39| Mid-high
5.65 4564 5761 40  Mid-high
466 709 5844 33| Mid-high
6.82 538 599 13 | Mid-high
61 556 5923 20 | Mid-high
5.76 6.1 58.89 25 | Mid-high
5.47 475 5883 26| Mid-high
6.49 538 5951 18 | Mid-high
5.94 662 5981 14| Mid-high
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Glyphs

e Also known as radar chart, star chart and spider chart

Time Costs  Transparency

Informal charge; Land Access

Bias ntry Costs

Proactivity al Institutions

Business support serkatmsr training

Da Nang

Source: http://en.wikipedia.org/wiki/Radar_chart and
http://blog.scottlogic.com/2011/09/23/a-critique-of-radar-charts.html

Information Systems

Multiple Glyphs
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Radar Chart in D3.js

strength

intelligence.

Source: http://graves.cl/radar-chart-d3/ and http://bl.ocks.org/nbremer/6506614
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Sensing Multidimensional Data with Parallel
Coordinates

Entry Costs

Land Access
Transparency
Time Costs
Proactivity
Business support
Labar training
PCI 2015

services

Legal Institutions
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Parallel Coordinates: Brushing

Entry Costs |-
Land Access
Transparency] <
Time Costs|
Bias
Proactivity
Business suppory -~ _
Labaor training =
PCI 2015

services

Informal charge:
Legal Institutions

5 SMU

SINGATONE Matin
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Information Systems
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Parallel Coordinates: Colour and Brushing

Entry Costs
Land Access
Transparency
Time Costs
Informal charges
Bias
Proactivity
Business support
Labor training
PCl 2015

services
Legal Institutions

5 SMU
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Parallel Coordinates: Filtering

Entry Costs
Land Access
Transparency
Time Costs
Infarmal charges
Bias
Proactivity
Business support
services
Labaor training
Legal Institutions
PCl 2015

SMUL

cnrons
VERSITY

Information Systems

Parallel Coordinates and boxplot

L) PC(PCIData2015.csv)
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Parallel Coordinates in d3.js

economy (mpg) i displacement (cc) power (hp) weight (Ib) 0-80 mph (s) year

information Systems ST MaRACIMENT

Parallel Coordinates with Fisheye

carbohydrate (g)
P

water(g)  caloriessturatedrigpaspttaktits)
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rotestcigiodgim fber (ghitaminc (g) potassium (g)
20 q 22

0 | e I
~ f 104
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fo | |

i
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Parallel Coordinates - Shuffled Rendering

)
L@ ) ) @ @ g@e® @
vm‘e‘“\g ca\d‘“‘“@ 0 e u‘\w‘““c\ ooa" cato™ 5\95‘5@ @@ acd
100 100,

A ()
0 =
«\°“°“ vd“““\

\] qes
wée‘ © ca\o“e sa““
16 100, %00

8 8 8 8 8 3

3

0

Rendered: 7637 WENDY'S, Frosty Dairy Dessert
Selected: 7637 ®Gourd, white-flowered (calabash), raw
Opacity: 0.0731 mBeef, round, full cut, separable lean only, trimmed to 1/4" fat, choice, cooked, broiled
B [Eorere ®Turkey, young tom, light meat, meat only, raw
CAMPBELL Soup Company, PBELL'S CHUNKY Soups, Sizzlin' Steak- Grilled Steak Chili with Beans
W Peas, green (includes bal nd lesuer types), canned, drained solids, unprepared
Grape juice cocktail, frozen concentrate, undiluted, with added ascorbic acid
Drag along a vertical axis to brush Sandwiches and burgers, steak sandwich
Tap the axis to remove its brush ® Puddings, coconut cream, dry mix, instant, prepared with 2% milk
®Mustard greens, frozen, cooked, boiled, drained, without salt

Information Systems SINGATOLE MANAGIMENT

Data Visualisation Application

Nutriéhf Parailél Coordinates

Nutrient Explorer ccv  cxclude | Export | 7637/7637 NS Lines ot 13.6% opacity. Hide Ticks | Dark

9) sugars (g) water (g)
sodium (g) vitamine (g)

calories fat (g) monounsat (g) potassium (g) saturated (;
calcium (g) carbohydrate (g) fiber (g) polyunsat (g) protein (g)

What is this? Food Groups Sample of 25 entries

A muitidimensional explorer of nutrient data from 327 Baby Foods Search Foods...

the USDA. 496 Baked Products ® Asparagus, cooked, boiled, drained, with salt

The parallel coordinates displays the nutrient J— 619 Beef Products Babyfood, meat, turkey, strained

content of foods In the database across 14 = Beans, pink, mature seeds, cooked, boiled, withou

dimensions, colored by food group. N 403 Breakfast Cereals M Beef, chuck eye steak, boneless, separable lean o

183 Cereal Grains and Pasta M Beef, round, bottom round, steak, separable lean ¢

Never heard of parallel coordinates? Read this = 239 Dairy and Egg Products Bread, oatmeal, toasted

tutorial, 165 Ethnic Foods Butter, light, stick, without salt

Brush the visualization to update other charts on 365 Fast Foods CAMPBELL Soup Company, CAMPBELL'S CHUNKY ¢

this page. 215 Fats and Oils CAMPBELL Soup Company, CAMPBELL'S CHUNKY ¢
Jm 255 Finfish and Shelifish Products FAMORE! | Saun Famnany FAMDREL | '€ Dad and \

SINGATOIE MARAGEMENT
UNIVERSITY
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Sensing Multidimensional Data with Heatmap
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Sorti

Heatmap
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Heatmap + Dendrogram

4= Higrarchical Clustering

Information Systems

Heatmap library in D3.js

cond1 cond2 cond3 cond4 cond5 cond6 cond7

Schox Source: http://blog.nextgenetics.net/?e=44
Information Systems

9/4/2016
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d3heatmap: An interactive heat maps

[l
Ry A A A A o 2 A
¢ 47/’1/ % %, % Q"&'LI % “ "3"’47‘897‘{:9’%0'9@0'?@ '%"VJ‘)‘J}? <9('f' o«
Scto S SMU
Information Systems ST MaRACIMENT

Multidimensional Categorical Data

Class | Age  Sex |Survived|
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
First Adult  Male  Yes
13 First  Adult  Male Yes
14 First  Adult  Male Yes
15 First  Adult  Male Yes
16 First  Adult  Male Yes
17 First Adult  Male  Yes
18 First  Adult  Male Yes
19 First  Adult Male Yes

20 | First Adult  Male  Yes

21 | First Adult  Male  Yes

22 | First Adult  Male  Yes

23 | First Adult  Male  Yes

24 First  Adult  Male  Yes -‘;("SMU
Schoolof 25 | First Adult  Male  Yes SIGAIONE LARA TR
Information Systems — UNIVERSITY

¢ The Titanic Disaster

-
SIS (N1 P P P P N
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The Titanic Disaster - the tragedy

e The general rule
— Women and children first

Source:

http://en.wikipedia.org/wiki/Sinkin
g_of the RMS _Titanic

Information Systems DRIy T
Mosaic plots
e Univariate and bivariate mosaic plot
© © © Barchart(Class) 3 © © © Barchart(Class)
T, -:I —_— [ —
S .:l S 0000
i S | P —
‘200 Mosaic(Class, Survived)
Yes No
‘ ¢ SMU,
Information Systems UNIVERSITY i

9/4/2016
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Mosaic Plots

e Three variables

00 e Mosaic(Class, Age, Sex)
First Second Third

-

O F M F M F M F M

Adult

Child

. Source: http://www.theusrus.de/blog/understanding-mosaic-plots/ 9 §Mgmmt
Information Systems N IVERSITY
.
Parallel Sets — d3.js
Titanic Survivors
Survived
Sunvived Perished
Curves? Dala: Robert.J. WacG. Dawson.
: &c‘ SMU

Information Systems HACERENT
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Visualising Multidimensional Categorical Data with
Parallel Sets

B3 Parallel Sets V2.0 , [

Dimensions

4

C. Loan+CASA E.Wea.. D... G.Al B

Marsts
cEthngrp
ywb_band
incomeband
ageband
pecupation]
prodsegment
district
decile
branch

|auvz‘ Database.|Orline Data

B-E-E-E-E-E-E-E-E-E-E
D A e e e |

-

Information Systems

Exploring Multiudimensional Categorical Data with
Highlighting Technique

Parallel Sets V2.0

prodseg
Sex C.Loan+CASA E.Wea.. D... G.Al B
Marsts S RS A N AN
cEthngrp
& [T ywb_band
incomeband
ageband

B

(CRoRogo] B

B A B e e R e | -

- 7 prodsegment
district
decie

branch

&

|5mv2 Database | onine pata

B8

Information Systems
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Exploring Multidimensional Categorical Data with

Filtering Technique
=Ioix

Disesns prodsegment
F ;S:X " E. Wealth+CASA D. Wealth G.All
lars!

I cEthngrp
I ywb_band

[¥ incomeband

I ageband

¥ occupation

[¥ prodsegment

[ F. CASA

[V E. Wealth+CASA
[ A Loan

[V B. Loan+Wealth

C. Loan+CASA

Al

|aa-evz Database | onlne Data

I E
M 6.
- ¥ D. Wealth
[ district incomeband

F gf:f:; €. 50K- 100K

pecupation
Clear Canvas Executive/TeacherT 0

Information Systems

Data Visualisation Application — Parallel Sets

9:54AM Monday Sep 10,2012 | 3,367 onine now See foday's paper | Subscrbe

theage.com.au
THE £288. AGE

National

N

Couniyol0vgn )  MariSiabs )

Information Systems
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TableLens

e Provides a structured graphical representation that
supports browsing of the values for hundreds of cases
and tens of variables on typical workstation display.

T
Flayers  [aJHJHR[R[we]v.][ o] career .. |career... [career.. [c. o] o7 PP A JE8. L. ]T.
EFFEF — E T FEFE =)
LEERE: - et A
A3 AN F =R
= g — = : o
75 | Reogie Willi. a7 4 39
o T i T
76| Reggie Jac 2510 548 1509
e -
77| Ray knight T102 57 410
T T T - i
78 | Randy Kutc... 44 7 28
e o I 5 5 - - i
79 | RandyBush 344 43 178
R L S o = = e e
80| Rance Mulli... 614 43 295
- EF E— - r 2
3 E | 3 E [ 443
— 3 3 Ok E‘E‘
= 3 E— - =k
L & = . EEE
3 E F F | EEE
[ k A [ =
E- FE = E F
- = E -
E = B E = E
3 K F F i FEE
- - ) =

Information Systems

TableLens

Table Lens

guide > Visualizations > Table Lens
o ed 0-14 64

Population g Population aged 15+

~ | © (e B T o

(®)( Population aged 65+

o DEEE Qe 2

Source: http://ncva.itn.liu.se/education-geovisual-analytics/table-lens?l=en and
http://www.ncomva.se/quide/?chapter=Visualizations&section=Table%20Lens#_General

Information Systems

GsMu
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TableLens in D3.js

e DataComb: An interface for combing through tabular
datasets

lrocus on sever Clbice unfocssed || rocus | | unfocus At ||| Fiter ||| Surmery Sats | tistograms || o (None | cotor [Hone
Label Tesw a v Pas a4 v Paints a v . Pt /Min 4 v . Shoofing § a v Minites 4 v . Rebounds & v . Blocks a v Steals & v . Assiats « v .

[‘ ”'1""" r" II1""|'[l'|"""l'l" FIT“IT
WA b Lt

Source: http://www.bytemuse.com/post/data-comb-visualization/#demo

information Systems ST MaRACIMENT

Tableplots

e Multidimensional continuous data

age Age groups Genaer nars) status Poston in heuzensia

I I
s .

Source: Visualizing and Inspecting Large Datasets with Tableplots (www.jds-online.com/file_download/379/jds-1108.pdf)

MU

oy

Information Systems
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References

e Chernoff face (https://en.wikipedia.org/wiki/Chernoff face)

e Chernoff face in d3.js (https://github.com/gnarmis/chernoff-
faces) and (http://bl.ocks.org/larskotthoff/2011590)

e Radar Chart (http://en.wikipedia.org/wiki/Radar chart)

e Ternary plot (https://en.wikipedia.org/wiki/Ternary plot),
(http://csmres.jmu.edu/geollab/Fichter/SedRx/readternary.html
) and (http://wvaughan.org/ternaryplots.html)

e ggtern 1.0.3.1 on CRAN

e Ternary Plot in D3.js (http://bl.ocks.org/tomgp/7674234),
(https://gist.github.com/widged/5780720),
(http://bl.ocks.org/tomgp/7766353)

e Radar Chart (http://en.wikipedia.org/wiki/Radar chart)
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