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What is Visual
Analytics?



“Visual analytics is the representation
and presentation of data that exploits
our visual perception abilities in order
to amplify cognition.”

- Andy Kirk, author of “Data
Visualization: a successful design
process”



Let’'s Look at Some Data

I Il Il v

X y X y X y X y
10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76
13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.11 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04
6 7.24 6 6.13 6 6.08 8 5.25
4.26 4 SLdl 4 5.39 19 12.5
12 10.84 12 9.13 12 8.15 8 5.56
7 4.82 7 7.26 7 6.42 8 7.91
5 5.68 5 4.74 5 5.73 8 6.89




Let’'s Look at Some Data

Il 1 v

y y X y
10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76
13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.11 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04
6 7.24 6 6.13 6 6.08 8 5.25
4.26 3.1 5.39 19 12.5
12 10.84 12 9.13 12 8.15 8 5.56
7 4.82 7.26 6.42 8 7.91
5 5.68 4.74 5.73 8 6.89

Property Value

IMean of x in each case 9 (exact)
\Variance of x in each case 11 (exact)
|Mean of y in each case

7.50 (to 2 decimal places)

\Variance of y in each case 4,122 or 4.127 (to 3 decimal places)

Cprrelatlon between x and DEG (98 e e
y in each case
Linear regression line in 'y =3.00 + 0.500x (to 2 and 3
each case decimal places, respectively)




Let's Look at Some Data ... Visually
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“Anscombe’s Quartet”
Source: Wikipedia



Agenda

1. Human Perception and Cognition
2. Visual Analysis Cycle

3. Visualization Best Practices




Human Perception &
Cognition



Humans Are Slow at Mental Math




We're Faster When We Use the World
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We’re Faster When We Can “See” Data

Customer Segment

Category Sub-Category (group)  Consumer  Corporate Home Office BusiSnrzgg
Furniture Bookcases 6302 -930576 -1661095 -7,602.40
Chairs & Chairmats 4294297 39370.10 4168628 25650.38
Office Furnishings 12,099.80 2737447 4219625 18,757.40
Tables 1225151 -35430.73 -4329240  -8,087.89
Office  Appliances 1550148 50,09594 2534306 621758
Supplies Binders and Binder Ac..  48,035.27 12581127 7167419 61,892.69
Envelopes, Labels, Pa.. 1690752 31,230.67 2550813 33,476.65
Pens & Art Supplies 262168 167040 158082  1,691.88
Rubber Bands 271.85 -353.54 93.12 72.14
Scissors, Rulers and .. -558.10 -3,330.62 -2.844 06 -1,066.47
Storage & Organization 5,752.65 -2.086.83 -23.24 3.021.57
Technology  Computer Peripherals 1415279 4509293 1777105 17,270.71
Copiers and Fax 4131035 2865448 2928314 6811350
Office Machines 5145478 180,356.22 39,386.23  36,515.70
Telephones and Com.. 4978148 12059692 86,788.72 5978452




We’re Faster When We Can “See” Data

‘Category  Sub-Category

Furniture

Bookcases

Chairs & Chairmats
Office Furnishings
Tables

Office
Supplies

‘Technology

.&pbﬁances

Binders and Binder Ac..

Envelopes

Labels

Paper

Pens & Art Supplies
Rubber Bands
Scissors, Rulers and ..
Storage & Organization

‘Computer Peripherals

Copiers and Fax
Office Machines
Telephones and Com..

Customer Segment

Consumer  Corporate Home Office

63.02
42942 97
12,099.80

12,251 51

'15,501.48
48,035.27

6,731.55
1,349.23
8,826.74
262168
271.85
558.10
575265
1415279
41310.35
51,454.78
49,781.48

-9,305.76
39,370.10
27,374.47
-35,430.73

~ 50,095.94

12581127
15,082.58
560887
10,539.22
1,670.40
-353.54
-3,330.62
-2,086.83
4509293
28,654 48
180,356.22
120,596.92

-16,610.95
41,686.28
42 196.25

-43,292 40
25,343.06
7167419
10,848.34
3,073.87
11,585.92
1,580.82

93.12

-2.844.06

-23.24

17,771.05

29,283.14
39,386.23
86,788.72

Small
Business
-7,602.40
25,650.38
18,757.40
-8,087.89
6,217.58
61,892.69
15,520.13

3,645.20
14,311.32
1,691.88
72.14
-1,066 47
3,021.57

17,270.71

68,113.50
36,515.70
59,784 .52



We’re Faster When We Can “See” Data

Customer Segment
Category Sub-Category Consumer Corporate Home Office ‘ Small Business
 Fumnitur Bookcases (s63) | s9306) | s16611) [§ s7,602) |
Chairs & Chairmats B 542,943 I 539,370 I s41.686 |l 525,650
Office Fumishings § 512,100 W 527,374 B 542,196 l s18.757
Tables (s12252) |§ (s35.431) B (s43292) [ (38,088) ||
Office Supplies Appliances li  Pst1ss01 [ [ 350,09 [  Ps2s343 T |seams
Binders and Binder Accessories I s48.035 I 5125511 I 571674 I s61.893
Envelopes | 56,732 J 515,083 J 510,848 Jl s15.520
Labels | 1,349 | s5.609 | 33.074 | 33,645
Paper | s8.827 | 510539 | 511586 Jl 514311
Pens & Art Supplies | 52,622 | 51,670 | $1.581 | 51,692
Rubber Bands | s272 (3359) | (593) | | 572
Scissors, Rulers and Trimmers (3558) | (83,331 | (52,844) | (51,066) |
Storage & Organization | 55,753 (32,087) | (s23) | | $3.022
D Technology  Computer Peripherals I 514153 4 I 545,003 ' Wsm ' Esv7an
Copiers and Fax B 541310 [ 528,654 [ 529,283 I sss.113
Office Machines B 551,455 I sco 356 I 539,386 B 536,516
Telephones and Communication I 549,781 I 120597 I ss6.789 I 559,785
(5100,000) SO  S100,000 $200,000 (5100000} SO  $100,000 5200,000 (5100,000) SO S100,0005200,000 | (5100,000) SO  S100,000 5200,000
Profit | Profit Profit Profit




Preattentive Visual Attributes
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Visual Interruptions Make People Slow




Visual Interruptions Make People Slow




The Cycle of Visual
Analysis



The Cycle of Visual Analysis




Supporting the Cycle

* Incremental: allow people to easily and incrementally change the data
and how they are looking at it

 Expressive: thereis no single view for all tasks and all data
* Unified: leverage the revolutionary changes in database technology

« Direct: make the tool disappear so the user can directly interact with
the data
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Visualization Best
Practices



Best Practices Overview

1.
2.
3.
4.

Representing data for humans
Color

Maps

Creating dashboards




Types of Data

« Qualitative (nominal / categorical)

Arizona, New York, Texas
Sarah, John, Maria
Coors, Bud Light, Stella Artois

« Qualitative (ordinal)

Gold, silver, bronze
Excellent health, good health, poor health
Love it, like it, hate it

>« Quantitative
Weight (10 Ibs, 20 Ibs, 5000 lbs)
Cost ($50, $100, $0.05)
Discount (5%, 10%, 12.8%)




How Do Humans Like Their Data?

Quantitative Ordinal Categorical
Position Position Position
Length Size Shape
Size Color Intensity Different Colors

Color Intensity =~ *Different Colors
D *Shape




How Do Humans Like Their Data?

More
Position Important
Color
Size
Shape
Less

Important




How Do Humans Like Their Data?

Time: on an x-axis
Location: on a map
Comparing values: bar
chart

Exploring relationships:
scatter plot

Relative proportions:
treemap

LONDON BUSES dotlinking. blogspot.com

Route
. [30 [=]
- Show Route/Show All
Click on show
route/show all below to
get Time-Day and Pay-
ment method breakdown
for particular route or to-
R tals.
About Tableau maps: wwwt
Mon : 7Day —
Child Free =
T
e _._Il .ll-III----—_._ 1 Month .
L | T | BaT Disccnt-7 sy |
Th PAYG PAYG I
S __-I.lll-III-l---____
Fri l. -III- Travelcard LUL Travelcard-7 Day -
_-=iEiNEN Bfme—— LUL Travelcard-1 M. [
= _--‘.ll.III-II--_..__ Annual |
—— T | P o -
85822258 8% Disabled ||

All data sourced from Transport for London (this work is not affiliated to TfL in any way), apart from list of bus routes,
which is sourced from londonbusroutes.net The datasetused is a 5% sample of all Oyster card iourneys performed in
aweek during November 2009 on Bus, Tube, DLR and London Overaround. Note thatbus routes are based on bus
stop locations and are therefore only approximate.



http://www.tableausoftware.com/public/gallery/london-bus

How Do Humans Like Their Data?

Orient data so people can read it
Eebally
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Color Me Impressed

Color perception is relative, not
absolute




Color Me Impressed
Provide a consistent background




Color Me Impressed

Humans can only distinguish ~8 colors

e sw Liye R IR 30 00 e
Dears

Ve a0 Xe  prea e

This is not
helpful.



Color Me Impressed
Humans can only distinguish ~8 colors

Pages T Cokamnz SUMIOrder Quarttity)
i Rows SUMProfity
= This is helpful.
o
224,000
Marks
w* Adtomatic &
320,002 o
& (o) ] o
Cal Size | Label
Detall | | Toahip | Shape 515,008
&  Container
Custamer 519,002
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Container E
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W Medum Box ®
W 5o Box
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Color Me Impressed

For quantitative data, color intensity
and diverging color palettes work well




Mapping to Insight

Use maps when location is relevant

District of Columbia Crimespotting

Crime Type
{click to highlight}

W Howmicioe

W zow

M roBBERY

I seEx aBUSE
[T ArsON

M BURGLARY
W sTOLEN AUTO
W THEFT

[ THEFT FrAUTO

Filters
Clickand drag to limit the
crimes shown

Crime Type

(Al

0 -3
District

(Al

0 (<[>
Date

Sunday, Dec Monday, Dec

QP

= ‘ 2009




Mapping to Insight

Use filled maps (“cloropleths”) for defined
areas and only ONE measure




Mapping to Insight

Filled maps won't work for multiple

I I lea Pages ™" Columns Longitude (generated)

f Rows Latitude (generated)

Filters 3 ?ﬁ'
Country / Region: Unite..
Marks

o Automatic v

EE

Color Size Label
lDetail Tooltip

& SUMProfit
(9 SUM(Sales)
1=l Country / Region

D # State

SUM({Profit)

(518,045) $127,840

SUM(Sales)
° $3.543

$200,000
$400,000
$600,000
$800.000
| 1,000,000 o
. A 210
| 51,161,721 ) ) > N
] o R ) ,j .
- N (\ »
LA
About Tableau maps: www.tableausoftware.com/mapdata % & 3 x “\.l'. :,' :




| Type of Emergency
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Don’t use maps just because you can

Mapping to Insight
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Mapping to Insight

Felix Hernandez Perfect Game

8-15-2012

Pitch Location

Pitch Speed vs. Vertical Movement
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Mapping to Insight

#  SEATTILEMARINERS
Hits Grid for Jason Vargas

|

WS == — on

_

Select Pitcher

Jason Vargas

ISR %Y f_A '/ s

Pitching Statistics
Pitcher BB SO ERA Opp. Avera.. WHIP  HR Allowed
pavan, Hlake
Cores, Uan Select Grid Metric
Delabar, Steve © His
Furbush, Charlie
Gray, Joa
Hermandez, Fallx
Jimenez, Cesar Gl Measaare
Kelley, Shawn N =
League, Brandon
[.uee;. Joshua :
Pitch T
-mneda‘ Michael Om-:'\h ype
Ray, Chris

Ruflin, Chance

Vargas, Jason
asquez, Anthony
thelmsen, |om

Wright, Jame




Dashboards

Dashboards bring together multiple views

Peak Hours Choose a date range
Hghilght 3 date

. Sunday . Nondyy . Tuesday . VWednesday . Thursday - Frday

0 1 2 3 4 5 6 7T 8 9 0 11 12 13 14 5 16 7 B

Fremont Bridge Bicycle Counter ~ @®SDOT
Bicycle Crossings per Month Peak Days
Click a month to see a breakdown
Sunday Mond, Tuesday day  Thursday Frichay Saturday

by Weskzay B

B satwrday

12 20 21 2




Dashboards
Dashboards should pass the 5-second test

Finding Bigfoot

Click on ANY element of the visualization (location, season, year, detail field) in order to filter by that item.
Select the element AGAIN to go back to the full view.
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@

1963 |
1964 |
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5 1
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1,951
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198 Wl
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1,696

1957 il
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1991 @

1992 1l
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1994 [l

1995 |l

199 Il
1957
1956 [

Class C
31

199
2000
2001 [N
2002
2003 N
2004
2005 I
2006
2007
20cs
2005 B
2010

2011
2012 |

winter I
Unknown [l
summer NN
spring [HIEIN
Fall _
0 500 1000

Data gathered from the official
website of the "Bigfoot Field Re-
searchers Organization” (BFRO).

The data was attempted to be
scrubbed and cleaned to attain
some type of normalcy, unfortu-
nately the BFRO data submission
process has no validation and
fields are often used arbitrarily
by submitters.

BFRO does the “Finding Bigfoot™
Animal Planet TV show.

sec on the sightings "potential for misinterpretation”

Unclassified

128


http://ryrobes.com/visual-analytics-and-data-porn/finding-bigfoot-data-visualize-the-squatch/

Dashboarding for the 5-second Test

 Most important view
goes on top or top-
left

 Legends go near
their views

* Avoid using multiple
color schemes on a

°  single dashboard

 Use 5 views or fewer
In dashboards
00 grovmcl)e interactivity

90 O

Investment Portfolio Summary
Geographic Concentration {Select Countries to Filter) Asset Class
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Dashboarding for the 5-second Test

Use your words!

e Titles

e AXes

« Key facts and
figures

* Units

 Remove extra digits

IN numbers
« Great tooltips

KPIs - Performance versus Target

Click a row 10 see Geography Kifta
Click a column Lo see Customar leyel KPls.
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Help people

See and understand
their data




