The Decision Boundary Map

An Interactive Visual Interface for Making Informed Decisions
and Selections in the Presence of Tradeoffs

Klaus Mueller and Shenghui Cheng

Visual Analytics and Imaging Lab
Computer Science Department
Stony Brook University




Decisions are often rendered in the presence of tradeoffs
= however, tradeoffs are often difficult to recognize and balance
= especially when there are many factors playing a role

Decisions are often rendered in the presence of many factors
= there's high potential to overwhelm the human decision maker
= they might render decisions that they are not fully sure about
= only to recognize later that better choices could have been made

We propose a visual interface to ease this pain
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We Need Something Intuitive




How About Something Like A Map?




Example: Decide on a College

Many factors (and possible tradeoffs):
= athletics
= academics
= students per faculty
= social life

= tuition

= safety

=  weather
= sjze

= and many more...



Concept: Visualize Using Decision Circles

tuition <

financial tuition >

financial means

@ College 1, 2,3

Lore

no dream school here: good athletics, low tuition, high academic score



Interlude: The Data Matrix

Each college is an N-dimensional vector of attributes
= the data matrix has M rows of colleges each with N attributes
» the M colleges reside in an N-dimensional space of attributes

Goal is to flatten this N-D space into a 2D map with colleges
= thisis called embedding
= embedding is essentially an optimization problem
= preserve the N-dimensional distance relations in the 2D layout



Interlude: Space Embedding

General idea:

= minimize S (d, —5,)°
stress = . >
Zij 5ij

=  Multi-Dimensional Scaling (MDS)
= similar data map to similar places
- Similarity Map
O Universities

M vy League
@ Regional

preserve N-D space distances §; in 2-D space d;




..are these schools so different?



Space Embedding: Shortcomings

Embedding the colleges is only half the information
= we need to embed the attributes as well
= then we can tell what makes the colleges different
= |t gives the decision context
= this requires an extension/augmentation to the data matrix

Introducing: the joint data-attribute matrix



The Joint Data-Attribute Matrix

Best of both worlds

= similarity map of the data is based on vector similarity
= similarity map of the attributes is based on pairwise correlation
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Achieved by Joint Matrix Optimization




Flexible MDS Layout Schedules

Optimization schedules for data and attribute layout can vary

= allows us to steer accuracy of the layout to preserve data
relationships of attribute relationships or achieve a balance

Original Distance 2D Distance

Mapping

High Dimensional Data Space 2 Dimensional Data Space



MDS Layout Schedules

Data Variables




MDS Layout Schedules
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MDS Layout Schedules

Glimmer MDS
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MDS Layout Schedules
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Constructing The Map
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Online Deployment

Our application runs interactively in modern web browsers

data processing on back-end server, interactive graphics on client
can be accessed anywhere and anytime, free of charge (for now)
users can simply upload a spreadsheet with the data matrix
application for a domain name .net and .com is in process

a rudimentary version is already online and will have been fully

developed at the time of the workshop e ———————
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Use Cases

General public (based on data we have already visualized):
= potential car buyers selecting cars fitting their preferences
= college-age kids and parents selecting the best-fitting college
= wine shoppers navigating the confusing landscape of wines
= investors picking stocks in light of specific investment profiles

Researchers (based on inquiries we have received):
= consulting firms for foundations and nonprofits to inform clients
= disease researchers to gain insight into the interaction of traits



Use Case: Deciding on the Best College

Data are a fusion of two datasets:
= (College rankings from US News and World Report
= (College Prowler website

A video is online here
= some annotated stills are presented in the following


https://www.youtube.com/watch?v=nnjkHA8xvbI

The Following Slides are Stills of the Video



Spreadsheet of University Data

Overwhelming and difficult to rank and weigh tradeoffs

U L] 0 - P o
h Wwed  opelawd  burwwine  Osle  Kew  vew  Lesdinl  feew Qwor
r e KN Nl T DS Lanm L [Cutanii e T o ::m r
a8 7 B oA BEE RS Peegnome § % s | N of| W doime g | Jonn tnen
B i e ~ 1y
- . ﬁ '
A ' g v \ ' ) " i . " o v a " 3 ' G
Neme Anurirrmien, ARt Compusmeing seadtmmphere Nightiite  Galety T Weather Tulbian P Arenm DR larsdty nalifmal rmyg eoe Poyndatinn  fiemaityl/sq hasebld immnd iy e A
Lo o 1] ! o u o . o 1 w na ' e “ wie U Blw 17309 Canbindge, MA "
) Seanbnen " " ' ' " " " " " wmw . “ LR s (LY i @10 Srandred (8 "
[t IETYER w0 . . . L] 7 ] " »n e . ] w ma W -n »
NN w u P w 3 ! ’ v w wa 3 ’ " LTI TT wa ORI w
e o " 7 L] L "w " ? L) Arae . ? .l “n e A TN Lrkane b S p re a S e e
CadTonl » 3 ) . L] L] L] n n M L] n .0 L 1on “n G108 Paninia CA
h Ly u P ' " w [ w v oo e ’ v . wa i W DA VIR, vA
\EE Vit " n ' " 07 ' u n uu ' ° " nt o owem g W7 L4, A H
D Curnedt ” L] » ] " L] b : ”»n oy ” v “w un ™ Rl 1A Hhana NY W I t
| AIPRReA_ AR RA PRAP b ) " ] ’ " ", “ . ” " » - " ELILY LR L BLSPARR ATRRS A
SV T 9 L . u L] i L] 1%} n e L] L] “w un nae un A1) Lur Dlwyw €A
4 tesisann ' 1" ' ' ’ " Y i w oW , " " e - Pay LN COMR0 WALON, 1Y
— : I — o col |ege5 as
B Puidve » u L] L] » u L] 2 L) am ' RE ) un um nn JIHI0 Wit alayeile, N
8, pwtseomin sresivon . M ? n W ™ 3 . o ‘ '8 We e e 1% Madiaon, wh
7 Umarylaned Colloge ot . w . . . L] 'l ! - s . “ s et e O Culoge Park MO
prnceton u ' ’ L] 2 u ° ’ » MO 1 L . mw mn m PO FIINCAON. N roWS a n
A L amaRarare “ o . . " " ? “w - ) L L) . N LT ) AT Camea Rarrars, (&
o Nwrbhwwsionn o 1] L] . . L] » 3 - Bnow 7 i “w bhes e L
1 celimbin n ' . " " ' " ' “ mn . ’ . s gt ner .
D Havad n 7 » » " " n ) - A . . w (LIALL e ATOR Coambundpy, MA a tt rI b u te S a S
H Peiidate . o ! ' L] w ! 3 “ aa . . va "me o AL Yale Libiege B
4 | finrta " " . " 4 " A " o e 4 » e [ “ PTe——
N Umidvmarisle ToanCine L] "w L] " n L] . 1 L) Su ) 1 me man o 0 Misencapstie. MN
fe Unartington v u . u u " u 4 o an ? b o N e 210 AR WA Co u l I . n S
7 I i W 7 L] . L] ’ A 7 “ oo ‘. w0 M LRl "M TN Aaheeer MO
P Vaghaated: . n 3 ? . . . L) » mm n L mar L oM TINN Mlahrbwng, YA
0 " u » n w ! » v " AN . v iy D s A L By "
0 Nurlcuratinatiote ' 1 ] o [ 0 » n oo ' » us wen um L3 Ruigh, N
N Upwrw n \J ’ n " 14 n 14 » o . L] m A e LAl L R )
3 . : ) P Vi " 3 P . N ' e ama e o vy, Wy
3 UCDavis L] L] 1] 1] . u » L] am i u (5] un [0 ] up A Davie. CA
P " . ' ' " - ' 1 W . ’ " e e 1S Soenuntes, Ny
A e " "w 1 - . ) ! . “ RIS 1. ! Ly - IR K ALl Garham,
[¢ Rice u L/ i L] o 1 3 . N I . ? “ wm 120010 un 0 Hourten, ™
) L rvne » . ‘. ’ 7 " \ " “~ e L} " .l e A wn WO e
|4 vy e u 1 . L] w . B . PLITEY . . (%) w Gl e A1 Cha hvbwwibe, VA
[ Ucolones.-posae ’ " ’ " 9, 14 u L) LJ nm . H 2 un nwn bl
10 Ve " ' " 7  — | 4 . “ v . * 3 [t i >
u ! ' N Fry 7 % W ' v ) T 0913 Aves. 1A
.
— T8 o (=




The Colleges Shown in Attribute Context

Red nodes: attributes (decision factors); blue nodes: colleges
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Decision Region for Tuition < $27,000
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Add Decision Region for Academic Score > 8.3

The purple region contain all colleges that fit that condition
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Add Decision Region for Athletics Score > 9

The purple region contain all colleges that fit that condition
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Use Case: Overviewing Types of Cars

Horsepower: 116~192 MPG: 16~30 European Car

. Euro-Japanese efficient compact cars

- US efficient compact cars

MPG: 17

cvL: 6 - US semi-efficient medium-power cars
Hpower: 125

Weight: 3140 . g

Accel: 13.6 US bigblock gas guzzlers

Year: T8 B 5 )

Crigin: 2 - Buro-Japanese gas guzzlers

. Euro-Japanese semi-efficient medium-power cars



DMN for College Selection Decision

Our framework |

Student preferences and
academic abilities

]

Parents preferences and
fmanual abilities

Determine chance Determine fit with
of gettingin academic expectations

US News and World Report data College Prowler data



Conclusions and Future Work

User studies suggest that the framework is an intuitive
environment to make decisions in selection tasks with many

attributes (factors)

Some current work focuses on reducing the number of sliders
= give users options on the attributes they wish to control
= determine a set of good attributes automatically






