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The Science of Visual
Analysis



What is Analytics?



\ Analytics is defined as the scientific
&, process of transforming data into
frs insight for making better decisions.




Analytics Is not just the description of
. Information, but goes beyond that into
examination and explanation of this

Information.




What is Visual Analytics?



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



3 3 0301876821403837720582327020
714602132 760256325763302030172
8 7572838778207 7523115638478220
05051617 5680446747 1400844303 2
2 4313549507607 431827346024823
86 22654670760039024717233587020
0845131764541 2453354967 7634235
4 7702201177 7026647 5861437825 4E©6
4 366466284853 78813854574032814
550353538323 8231627246364432°5
4402172447 4192452504005 3633¢67
/7466 87 5792028888 32426404637 21
017159142873 7145187805170058281
28521287 76256264151612110564020
21177200187 029028578460650712
0524153315514016433988346848¢E6

I 3752402763 8554588755865866797T74
03281446082301346205773618732H5
4 4833350103863 20506133436158€6
1022763 30880318812175293583235



3 30301876821403837720582327020
714602132 76025632576330203072
8 7572838778207 7523115638478220
05051617 5680446747 14008443032
2 4313549507607 431827346024823
86 2265467076003902471723356887020
0845131764541 2453354967 7634235
4 7702201177 7026647 5861437825 4E©6
4 36646628485 378813854574032814
5503535383238231627246364432°5
4402172447 4192452504005 3633¢67
/7466 87 5792028888 32426404637 21
017159142873 7145187805170058281
28521287 76256264151612110564020
21177200187 029028578460650712
0524153315514016433988346848¢E6

I 3752402763 8554588755865866797T74
03281446082301346205773618732H5
4 4833350103863 20506133436158€6
1022763 308803188121 75293583235



Let’s Look at Some Data

I [l 11 IV
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 71.24 6 6.13 6 6.08 8 5.25

4.26 4 3.1 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 o
) 5.68 ) 4.74 ) 5.73 8 6.89 ®




Let’'s Analyze Some Data

| Il 1 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

Property Value
6 7.24 6 6.13
B e P 21 [Mean of x in each case 9 (exact)
12 10.84 12 9.13
D 7 4.82 7 796 Variance of x in each case 11 (exact)
5 5.68 5 4.74
Mean of y in each case 7.50 (to 2 decimal places)

4.122 or 4.127 (to 3

Variance of y in each case _
decimal places)

Correlation between x and y in

0.816 (to 3 decimal places)
o each case

Linear regression line in each y = 3.00 + 0.500x (to 2
and 3 decimal places,

case respectively)




Let’'s Look at Some Data ... Visually

@
1
OO

“Anscombe’s Quartet”
Source: Wikipedia



Agenda

1. Human Perception and Cognition
g 2. Visual Analysis Cycle

' 3. Visualization Best Practices




Human Perception
& Cognition



Humans Are Good at some Mental Math




Humans Are not so Good at other Mental
Math
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We're Faster When We Use the Learned
Tools and Techniques
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Much Faster
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We're Faster When We Can “See” Data

Category
Furniture

Office
Supplies

Technology

Sub-Category (group)
Bookcases

Chairs & Chairmats
Office Furmishings
Tables

Appliances

Binders and Binder Ac..
Envelopes, Labels, Pa..
Pens & Art Supplies
Rubber Bands
Scissors, Rulers and ..
Storage & Organization
Computer Peripherals
Copiers and Fax

Office Machines
Telephones and Com..

Consumer
-63.02

42,942 97
12.099.80
12251 51
15,501.48
4803527
16,907 52
262168
271.85
558.10

5 752 65
14 152.79
41,310.35
51,454 78
4978148

Customer Segment

Corporate Home Office

-9,305.76
39,370.10
27,374 47
-35 430.73
50,095.94
125,811.27
31,230.67
1,670.40
-353 54
-3.330.62
-2.086.83
45,092.93
28 654 48
180,356.22

120,596.92

-16,610.95
41,686.28
42 196 25

~43.292 40
25,343 06
71,674.19
25.508.13

1,580.82
93.12
-2.844 06
2324
17.771.05
29283 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
33,476 65
1,691.88
72.14
-1,066.47
302157
17 270.71
68,113.50
36,515.70
59,784 52




We're Faster When We Can “See” Data

Customer Segment

Small

Category Sub-Category (group) Consumer Corporate Home Office Business
Furniture Bookcases -£3.02
Chairs & Chairmats 42 082 47
Office Furnishings 12,089 80
Tables -12,251 51
Dfﬁce_ Appliances 15,501 48
Supplies Binders and Binder Ac. 48,005 47
Envelopes, Labels, Pa.. 16,907 42
Fens & Art Supplies 2 601 68
Rubber Bands 2F1.85
D Scissors, Rulers and .. -558 10
Storage & Organization 5752 65
Technology  Computer Peripherals 1415209
Copiers and Fax 41 31035

Office Machines 51454 1

Telephones and Com.. 49 78Y.48




We're Faster When We Can “See” Data

Category
Furniture

Office
Supplies

Technology

Sub-Category (group)
Bookcases

Chairs & Chairmats
Office Furnishings
Tables

Appliances

Binders and Binder Ac..

Envelopes, Labels, Pa..

Pens & Art Supplies
Rubber Bands
Scissors, Rulers and
Storage & Organization
Computer Peripherals
Copiers and Fax

Office Machines

Telephones and Com..

Customer Segment

Small

Consumer  Corporate Home Office Business
-63.0 -9,305.76  -16,610.9 -7,602 40
942 9 937010 586.28 650.38
,099.80 374 .196. 8,757.40
1225151 3543073 -4329240  -8,087.89
01.48 0,095 94 143 06 5,217 58
48,0 : 67419 61,892 69
16,907.52 3123067 25508.13 3347685
262168 167040 158082 169188
85 93. 14

B.10 3306 84406 .066.47

i -2 086 8 -23 24 021,57
1415279 4509293 1777105 1727071
4131035 2865448 2928314 6811350
5145478 180,356.22 3938623  36,515.70
4978148 12050692 8678872 5078452




We're Faster When We Can “See” Data

Category
Furniture

Office
Supplies

Technology

Sub-Category
Bookcases

Chairs & Chairmats
Office Furnishings
Tables
Appliances
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..

Consumer
-63.02

42,942 97
12,099.80
-12.251 51
15.501.48
48.035.27
6,731.55
1,349.23
8.826.74
2 621.68
271.85
-558.10
5752 65
14.152.79
41,310.35
51,454 78
49.781.48

Customer Segment

Corporate
-9,305.76

39,370.10
27 374 47
-35.430.73
50,095.94
125.811.27
15,082.58
5,608.87
10,539.22
1,670.40
_353.54
-3,330.62
-2,086.83
45092 93
28 654 .48
180,356.22
120,596.92

Home Office
-16,610.95

41,686 .28
42,196 25
43292 40
25 343 06
7167419
10,848.34
3,073.87
11 58592
1,580.82
-93.12
-2.844.06
-23.24
17.771.05
20,283 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
7214
-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

Consumer
Eookcases
Chairs
Office Furnishings

Tables

Furniture

Office Appliances
Supplies Art Supplies
Binders
Envelopes
Labels

FPaper
Rubber Bands

Scissors

Customer Segment

Corporate

Home Office

Storage
Technology Computer Peripherals
D Copiers and Fax

Office Machines

Telecomm

Dffice
Supplies

EREE
Appliances
Art Supplies
Binders
Envelopes
Labels

Faper
Rubber Bands
Srissors

Storage




Pre-attentive Visual Attributes

Length Width Orientation
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The Cycle of Visual
Analysis



The Cycle of Visual Analysis




Supporting the Cycle

» /ncremental allow people to easily and incrementally

and
» Expressive: there is
» Unified: leverage the

e Direct
the data
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Visualization Best
Practices



Best Practices Overview

1. Representing data for humans
2. Color

3. Maps

4. Creating dashboards




Types of Data

Qualitative (nominal)

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

Qualitative (ordinal)

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

. Weight (10 Ibs, 20 Ibs, 5000 Ibs)
. Cost ($50, $100, $0.05)
. Discount (5%, 10%, 12.8%)




How Do Humans Like Their Data?

Quantitative
Position
Length
Size
Color Intensity

Ordinal
Position
Size
Color Intensity
*Different Colors
*Shape

Categorical
Position
Shape
Different Colors



How Do Humans Like Their Data?

More
Position important
Color
Size
Shape
Less

Important




How Do Humans Like Their Data?

Exploring relationships: scatter plot
* Relative proportions. treemap
o Comparing values: bar chart

LONDON BUSES daotlinking.blogspot.com

e 7ime. on an xX-axis
e Location. On a map

Route

& [=]

Show Route/Show All

Click on show
routefshow all below to
get Time-Day and Pay-
ment method breakdown
for particular route or to-
tals.

Fass Child Free

1 Month

B&T Discount - 7 Day
PAYG PAYG ]
Travelcard LUL Travelcard-7 Day -

LUL Travelcard-1 M.. [l

Bus & Tram 7 Day _
[
|
|

Annual |
Freedom Elderly -
P
O = 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 journeys 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

easily Good
. Region / Department / Order Date B ette r

m
jat]
w
~+

Furniture
Technology
Furniture

Region Department Year of Ord..
Central  Furniture 2013
2014
2015
2016
2017
Technology 2013
2014
2015
2016
2017
East Furniture 2013
2014
2015
2016
2017
Technology 2012
2014
2015
2015
2017

$300,000

$250,000

D $200,000

$150,000

‘ | Technology

Sales

$100,000

$50,000

ra
(93]

0,000 $300,000

LTh
(=]

$50,000 5100,000 $150,000 5200000 3

Sales




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

Marks
$12,000
O Circle - L 4
,-: Q E:‘.C',D':'Cl ThIS IS not
Color Size Label
: $5,000 ® helpful.
ooo |:| =
Detail | Tooltip i
56,000
-] State @ 2 ®
MM Order Priority K &
$2,000 e e
=
i L]
State B 30 &
®
B 2lzbama * A 5
Arizona ($2,000)
B Arkansas
Califarnia {$4,000)
. Colorado
I Connecticut ($6,000)
. District of Calumb_.
Florida {$8,000)
. Georgia
M idaho ($10,000)
. IHinois
Indiana . : :
B ows &0 $5,000 $10,000 $15,000 $20,000 $25.000 $30,000 %35,000 $40,000
| Kansas Chilag
! Kanturkw x:




Color Me Impressed
Humans can only distinguish ~8 colors

Marks o
EE Automatic - ek
== 0"
i &
Color Size || Label (o] -
- This is helpful.
= || = | 2z ; 0
Detail | Tooltip|  Shape
bl Segment 2K
s
M Customer Ma.. “E
- o
aK
Segment
. Consumer
’_i[]' Corporate ok
. Home Office -
O
(@]
(@)
-4k
-Gk

oK 2K 4K BK 8K 10K 12K 14K 1ek 1BK 20K

Sales




Color Me Impressed

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

Marks
|]|]|] Automatic -
HH &
Color Size Label
D;ﬁ q
Detail | Teooltip

b SUM(Profit)
SUM(Profit)

SUM(Profit)
($72,495) $297,951

office Macnines [
crairs [
Telecornm [
Tables [
Copiers and = [
sinders |

Storage

Bookcases

computer Peripherals [N
appliances [N
office Furnishings [ NG
Paper [N
Envelopes [N

Art Supplies

Scissors

Labels

Rubber Bands
50 S200,000 800,000 $1,000,000 $1,200,000

5400000 600,000

Sales =




A word on Color and Color Blindness

On Tuesday, September 161 2014, fans of Liverpool FC were baffled
during the clash in the Champions League with Ludogorets.

“So this Liverpool game isn't great for me being colour blind.
Green pitch green kit red kit all look the same. It's just floating
heads.”

- Elliot Heard (on Twitter)

P ( 'H_iru
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|.-|.'.r'|mq|| o —

ALLzronT



A word on Color and Color Blindness

7-10% of Males has some form of
Color Blindness while 0.5% of
Females have.

5
?.*" "‘ i "

») : *s%{.‘f‘?;f:*ﬁ?
S

MNormal vision




Mapping to Insight

Use maps when location is relevant

District of Columbia Crimespotting

About Tableau maps: www. tableausoftware. comjmapdata

Crime Type
{click to highlight}

W Houicioe

W =ow

M roBBERY

I zEx ABUSE
7] arson

B surRcLaRY
B sToLEn AUTO
B THEFT

7] THEFT FraUTO

Filters
Click and drag to limit the
crimes shown

Crime Type

=)

Q B
District

)

v 1y
Date

Sunday, Dec Monday, Dec

7

2008




Mapping to Insight

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

Marks
R Filled Map
&
Color Size Label

o

Detail | Tooltip

'D': SUM(Sales)

SUM(Sales)

$647,683 $1,088,661

OpenStreetap contributors




Mapping to Insight

Filled maps won’t work for multiple
measures

Marks

2,
O Circle - /[
- &
Color Size Label
=
Detail | Tooltip I
""-? a LWa

:; I

I8l SUM(Sales) ;

e W

, T R, . S

= EETTD . o Stetese o g ?o:? _®
. :

LK )
SUM(Profit) 'Q : © - e° o oU’@;
| | "xaj ® g0’ e %

($9,102) $18,064 \4 . 0 .
SUM(Sales) ﬁ\q ‘P&
$2,000 >4 @

© ss0,000
(™) s100,000
() s150,000 g
(7)) s200,000 — [’ .

{ )seez5aa (L :

@ OpenStreetMap contributors




Mapping to Insight

Don’t use maps just because you can

Type of Emergency

. Complex Disaster
. Earthquake

M volcano

B Weather Related
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Mapping to Insight
Maps don’t have to be geographic

Hover to see instructions :

Computer Science

English

History
Language
Math

Room 206 has the following classes English 9 - English 10 - English
11 -English 12 - English Literature - Honors English 10

0% 10% 20% 30% 40% 50% 60% 70% B0% 90% 100% 110%




Mapping to Insight

Maps don’t have to be geographic

SEATTILEEMARINERS

Hits Grid for Jason Vargas

Select Pitcher

Jason Vargas

Pitching Statistics
Pitcher SO ERA Opp. Avera.. WHIP HR Allowed

Beavan, Blake 3 §
Cortes, Dan Select Grid Metric

Delabar, Steve @ Hits
Furbush, Charlie @ Outs

Gray, Jeff @ Bals in Play
Hernandez, Felix
Jimenez, Cesar
Kelley, Shawn
League, Brandon
Lueke, Joshua

Grid Measure

g

Pineda, Michael Pétf:‘"_’TYPE
Ray, Chris = cﬁan y
Ruffin, Chance e
Vargas, Jason 705 59 31 3.98 0.260 138 pry @ Curve
Vasquez, Anthony @ Fastbal
Wilhelmsen, Tom @ Misc.

Wright, Jame @ Slider



Dashboards
Dashboards bring together multiple views

New York City residents and tourists rely on yellow taxis around the clock, but many are moving on.
There were over 38.1M taxi rides in the third quarter of 2014. Use this dashboard to explore additional facts, analyze daily trends, and monitor incoming traffic.

A major part of the
NYC economy
Additional taxi facts below

38,127,765

Total taxi rides

115,413,395

Total miles driven

64,713,505

Total passengers serviced

$588,651,971

Total deollars spent

The city that never sleeps lives up to its name
Peak hours are between EPM-10FM, averaging nearly 50,000 taxi rides per day.

50,852

48,635
- 44,704
37422 37517 40052 40175 37474
28,936 24,221
15,650
12AM-1AM  2AM-3AM AAM-5AM SAM-TAM BAM-9AM  10AM-11AM  12PM-1PM 2PM-3PM APM-EPM EPM-7TPM EPM-SPM  10PM-11PM
50K
30K L
20K
10K y
oK
s e tw tus fwr tus o tws o cur o tws o cur o twsocus
T s T b T T prs T b T T T
=z == == == == == == == == == == z =

Taxi growth is slow compared to Uber & other services

% difference in rides from first 7-day moving average

70%

60.68%

50%

509

0%

30% All Others
3.20%

20% |

10% |

.................................................................... -1.18%

0% KR g
-10% |

-20% |




Dashboards
Dashboards should pass the 5-second test

Finding Bigfoot

winter I
Unknown [l

summer [N
spring (I
ran [

0 500 1000

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

The data was attempted to be
scrubbed and ceaned to attain
some type of normalgy, unfartu-
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.

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

________________-_-----IllI------------lllllllllllllllllll_
AR RER S s I R RN LR EE Rl A E B E e iR R B85 808588828 c¢
o> OO0 00000 D00 000
— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T Tt v v v v v (o 0o O e
The BFRO dassifies sightings according to a system based on the sightings "potential for misintsrpretation”.
Total Sightings Class A Class B Class C Unclassified

3,806 1,951 1,696 31 128


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

The Five-second Dashboard Test

 Most important view
goes on top or top-left

 Legends go near their
vViews

* Avoid using multiple
color schemes on a
single dashboard

« Use 5 views or fewer in
dashboards

* Provide interactivity

Investment Portfolio Summary
Geographic Concentration (Select Countries to Filter)




The Five-second Dashboard Test

Use your words!

Titles

Axes

Key facts and
figures

Units

Remove extra digits
IN numbers

Great tooltips

KPls - Performance versus Target

Click a row to see Geography KPls.
Click a column to see Customer level KPls.

Priority Channel Retailer 0os Void osA% | sou |POZYETUS g%:eg:t? POS Dollars| POS Units
€l
Gold Box Cost-a-Litle 109 110 108 100 9 101 e "7
CStore  CircleZ 9s NI 11E 116 100 120 114 114 118
Drug Pharmalax [ 114 107 95 103 107 18 102 13
Grocery  Save-a-Bunch 108 89 107 12 119 Il 86 110 [ 90
liass Wallyhan o2 | 119 113 [ 92 118 108 103 120
Silver  Box BigBox Bz 7 e e e s 107
C-store  6Tweve [ 119 23 9% 118 108 I 34 18 98
Drug DrugMart 100 a7 108 - 38 - 33 - ad 106 108
Grocery  BigC's 101 97 107 llse Mz Mz 108 106
Mass K-Stores I 11 [ 116 121 120 107 115 [ 87 18
Bronze  Box LiBox oz 100 107 105 [ 94 11 101 [ 26
C-Store  X-mart I 15 109 108 e e 115 |93 103
Drug FamityDrug 10 [ 112 107 100 Plee s e 18
Grocery  Max Savers [N 119 ] 112 119 a7 a7 105 lBe S:
liass Sammy's 1 a4 118 103 106 | 8 95 114
0 1002000 1002000 100 |0 100200(0 100 200/0 1002000 100 |0 100 200

Heading legend:
005 - Qut of Stock
Void - Shelf Void

0SA%: - On Shelf Availability %%

SOM - Share of Market

505 versus SOM - Share of Shelf versus Share of Market
Mew Item Speed to Shelf - New Item Speed to Shelf

POS Daollars - Point of Sale Dollors

POS Units - Point of Sale UPC Units

CPG
FIRE>

Select Period
04 Week hd

Click a color to
highlight in chart
oK

Warning

B crisis

Length of baris
performance
relative to target
(100%).

Dashed redline
is at 100%
(target value).




Help people

see and understand
their data
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