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dataset 1 dataset 2 dataset 3 dataset 4

x1 y1 x2 y2 x3 y3 x4 y4
10.00 8.04 10.00 9.14 10.00 7.46 8.00 6.58
8.00 6.95 8.00 8.14 8.00 6.77 8.00 5.76
13.00 7.58 13.00 8.74 13.00 12.74 8.00 7.71
9.00 8.81 9.00 8.77 9.00 7.1 8.00 8.84
11.00 833 11.00 9.26 11.00 7.81 8.00 8.47
1400  9.96 14.00 8.10 14.00 8.84 8.00 7.04
6.00 7.24 6.00 6.13 6.00 6.08 8.00 5.25
4.00 4.26 4.00 3.10 4.00 5.39 19.00 12.50
12.00 10.84 12.00 9.13 12.00 8.15 8.00 5.56
7.00 4.82 7.00 7.26 7.00 6.42 8.00 791
5.00 5.68 5.00 4.74 5.00 573 8.00 6.89
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dataset 1 dataset 2 dataset 3 dataset 4
x1 y1 x2 y2 x3 y3 x4 y4

10.00 8.04 10.00 9.14 10.00 7.46 8.00 6.58

8.00 6.95 8.00 8.14 8.00 6.77 8.00 5.76

13.00 7.58 13.00 8.74 13.00 12.74 8.00 7.71

9.00 8.81 9.00 8.77 9.00 7.11 8.00 8.84

11.00 8.33 11.00 9.26 11.00 7.81 8.00 8.47

1400 996 1400 810 1400 884 800  7.04

600 724 600 613 600 608 800  5.25

4.00 4.26 4.00 3.10 4.00 5.39 19.00 12.50

12.00 10.84 12.00 9.13 12.00 8.15 8.00 5.56

7.00 4.82 7.00 7.26 7.00 6.42 8.00 7.91

5.00 5.68 5.00 4.74 5.00 5.73 8.00 6.89




dataset 1 dataset 2 dataset 3 dataset 4

x1 y1 x2 y2 x3 y3 x4 y4

10.00 8.04 10.00 9.14 10.00 7.46 8.00 6.58

8.00 6.95 8.00 8.14 8.00 6.77 8.00 5.76

13.00 758 13.00 8.74 13.00 1274 8.00 7.71

9.00 8.81 9.00 8.77 9.00 7.1 8.00 8.84

11.00 833 11.00 9.26 11.00 7.81 8.00 8.47

1400  9.96 14.00 8.10 14.00 8.84 8.00 7.04

6.00 7.24 6.00 6.13 6.00 6.08 8.00 5.25
4.00 4.26 4.00 3.10 4.00 5.39 19.00 12.50

1200 10.84 12.00 9.13 12.00 8.15 8.00 5.56

7.00 4.82 7.00 7.26 7.00 6.42 8.00 7.91

5.00 5.68 5.00 4.74 5.00 573 8.00 6.89

Mean 9.00 7.50 9.00 7.50 9.00 7.50 9.00 7.50
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x1 y1 x2 y2 x3 y3 x4 y4

10.00 8.04 10.00 9.14 10.00 7.46 8.00 6.58

8.00 6.95 8.00 8.14 8.00 6.77 8.00 5.76

13.00 7.58 13.00 8.74 13.00 1274 8.00 7.71

9.00 8.81 9.00 8.77 9.00 7.1 8.00 8.84

11.00 833 11.00 9.26 11.00 7.81 8.00 8.47

1400  9.96 14.00 8.10 14.00 8.84 8.00 7.04

6.00 7.24 6.00 6.13 6.00 6.08 8.00 5.25
4.00 4.26 4.00 3.10 4.00 5.39 19.00 12.50

12.00 10.84 12.00 9.13 12.00 8.15 8.00 5.56

7.00 4.82 7.00 7.26 7.00 6.42 8.00 791

5.00 5.68 5.00 4.74 5.00 573 8.00 6.89

Mean 9.00 7.50 9.00 7.50 9.00 7.50 9.00 7.50
Variance 11.00  4.13 11.00 4.13 11.00 4.12 11.00 4.12

Correlation 0.82 0.82 0.82 0.82

dataset 1 dataset 2 dataset 3 dataset 4

x1 y1 x2 y2 x3 y3 x4 y4

1000 804 1000 914 1000  7.46 8.00 6.58

800  6.95 8.00 8.14 8.00 6.77 8.00 5.76

13.00 7.58 1300 874 1300 1274 8.0 7.71

9.00 881 9.00 8.77 9.00 7.1 8.00 8.84

11.00 833  11.00 926 1100 7.81 8.00 8.47

1400 996 1400 810 1400 8.84 8.00 7.04

6.00  7.24 6.00 6.13 6.00 6.08 8.00 5.25

400  4.26 4.00 3.10 4.00 539  19.00  12.50

12.00 10.84 1200  9.13 12.00  8.15 8.00 5.56

7.00 482 7.00 7.26 7.00 6.42 8.00 7.91

500  5.68 5.00 474 5.00 5.73 8.00 6.89

Mean 9.00  7.50 9.00 7.50 9.00 7.50 9.00 7.50

Variance 11.00  4.13  11.00  4.13 11.00 412 11.00 4.2
dataset 1 dataset 2 dataset 3 dataset 4

x1 y1 x2 y2 x3 y3 x4 y4

10.00 ® 8.04 10.00 ® 9.14 10.00 ® 7.46 8.00 ® 658

8.00 ® 6.95 8.00 ® 8.14 8.00 ® 6.77 8.00 ® 576

1300® 758 1300 ® 874 1300® 1274 800 ® 771

9.00 ® 881 9.00 ® 877 9.00 ® 7.11 8.00 ® 884

11.00® 833 1100 ® 926  11.00 ® 7.81 8.00 ® 847

14.00® 996 1400 ® 810  14.00 ® 8.84 800 ® 7.04

600 ® 724 600 ® 613 600 ® 6.08 800 ® 525

400 ® 426 400 ® 3.10 400 ® 539 19.00 ® 12.50

12.00 ® 10.84  12.00 ® 9.13 12.00 ® 8.15 800 ® 556

7.00 ® 482 700 ® 7.26 700 ® 642 800 ® 7.91

5.00 ® 568 5.00 ® 474 500 ® 573 8.00 ® 6.89

Mean 9.00  7.50 9.00 7.50 9.00 7.50 9.00 7.50

Variance 11.00  4.13  11.00  4.13 11.00 412 11.00 412
Correlation 0.82 0.82 0.82 0.82
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Visual approaches are necessary
to data analysis

Anscombe’s Quartet
Francis Anscombe, 1973




Visual approaches are necessary to modern
data analysis

Visual approaches are necessary to modern
data analysis

Visualization is fundamental to meeting the unprecedented challenges and
exploiting the wonderful opportunities of the ever-expanding deluge of data
confronting virtually every field

Jim Hollan, UC San Diego

Visual approaches are necessary to modern
data analysis

Visualization is fundamental to meeting the unprecedented challenges and
exploiting the wonderful opportunities of the ever-expanding deluge of data
confronting virtually every field

Jim Hollan, UC San Diego
Nowadays visualization is one of the key ways, in which scientific discoveries
and advances in collective understanding are made.
Therefore, those scientists, researchers, data explorers, and analysts who
rely in their everyday work on producing visualizations and generating

images, should have some acquaintance with the most rudimentary ABC of
good design practice.

Marek Kultys, Independent Designer
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~ 10 million in 2017

Modal day of week : Wed-Thu
Modal month of year : Jun-Jul
Average Travel Time : 8 mins

Most common OD pairs
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London Cycle Hire: Men's and women’s journeys

Beecham and Wood, 2014

Session Outcomes

Appreciate core principles of data visualization
design

Employ these principles when critiquing data
graphics

Create effective data visualizations using software
built on these principles

Characteristics of effective
data graphics

Tufte, Edward R. (2001), The Visual Display of Quantitative Information,
Graphics Press, Cheshire, Connecticut




Effective data graphics should

1. Show the data
2. Induce the viewer to think about the substance of the data
3. Avoid distorting what the data have to say
4. Present many numbers in a small space
5. Make large data sets coherent
6. Encourage the eye to compare different pieces of data

7. Reveal the data at several levels of detail
from a broad overview to a fine structure

Tufte (2001: 13)
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Data graphics visually display measured quantities by
means of the combined use of points, lines, a coordinate
system, numbers, symbols, words, shading, and color.

Tufte, 2001
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Selective | Associative

Selective | Associative

How many 3s do you see?

visual channel : none

Selective | Associative

How many 3s do you see?

37655418
44812212
82453219

visual channel : none
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visual channel : tilt




Area (2D size) - = N .

Selective | Associative

How many 3s do you see?

visual channel : 2d area

Selective | Associative

How many 3s do you see?
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visual channel : 2d area
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Color hue ErAE

Selective | Associative

How many 3s do you see?

visual channel : colour hue
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visual channel : colour hue

Spatial region




Selective | Associative

How many 3s do you see?

visual channel : spatial region

Selective | Associative

How many 3s do you see?

33333
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visual channel : spatial region

Quantity | Magnitude




Quantity | Magnitude

What proportion of the area of the larger
circle does the smaller circle take up?

visual channel : 2d area via Jason Dykes

Quantity | Magnitude

What proportion of the area of the larger
circle does the smaller circle take up?

visual channel : 2d area

via Jason Dykes
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Quantity | Magnitude

What proportion of the longer line does the
smaller line account for?

visual channel : 2d area

via Jason Dykes




Quantity | Magnitude

What proportion of the longer line does the
smaller line account for?

visual channel : 2d area

via Jason Dykes

Quantity | Magnitude

What proportion of the area of the larger
circle does the smaller circle take up?

aTea

perceived size

graphical size

visual channel : 2d area

Quantity | Magnitude

What proportion of the area of the larger
circle does the smaller circle take up?

visual channel : 2d area

via Jason Dykes

Quantity | Magnitude

What proportion of the area of the larger
circle does the smaller circle take up?

visual channel : 2d area

via Jason Dykes




Quantity | Magnitude

What proportion of the area of the larger
circle does the smaller circle take up?

visual channel : 2d area

via Jason Dykes

Quantity | Magnitude

What proportion of
circle does the sm

visual channel : 2d area

area of the larger
r circle take up?

via Jason Dykes
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Data
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Guide
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ggplot2

tistics and Computing .

+
e
+.

ggplot2

Data

Aesthetics

Geom

Facets

Statistics

Coordinates

Themes

variables you want to represent
mapping of data to visual channels

shapes to represent data (point, line, bar)

split on a (hominal/ordinal) variable to generate
small multiples

aggregates using statistical models

plotting space you are using

non-data ink: design with a particular visual
fonts, colours and other design elements.

The
Electoral Ex
Commission

Brexit data: share of leave
vote by Local Authority

V‘ Office for
National Statistics

2011 Census Demographics data: skills levels,
Census statistics help paint a picture of the nation and how we live. They . . .

brovtle a detald snasho o e poptor e s haracarivis occupation and diversity by Local
underpin funding allocation to provide public services. The population of .
England & Wales on Census Day, 27 March 2011, was 56,075,912, Au‘th (0] r|ty
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LA share of Leave
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Leave
0.6
Summary of mappings - specification
data channel s geom referendum_data %>%
ggplot(data=.,
rank leave x position bar aes(x=reorder(area, -share_leave),
share leave y position bar D acnaeRleave) iy
geom_bar()
0.0
Boston Slough Lamb:
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LA share of Leave

LAs ordered by share of

Leave
Summary of mappings - specification
07
( referendum_data %>% 06
data channel aes geom ggplot(data=., 05
rank leave x position bar aes(x=reorder(area, -share_leave), 04
share leave y position bar y=share_leave, 03
share leave fill (cont) bar fill=share_leave) +
geom_bar()
(
0.0 _“‘“““““ “ ““““““““H““H
Boston Slough Lambeth
LAs by Leave

LAs ordered by share of
Leave

Leave

Remain

LA margin Leave

LAs ordered by share of
Leave

Leave

-0.1

Remain

-0.3

LAs by Leave

LA margin Leave

. |‘|||‘|‘|“||||I

data channel
rank leave
margin size

o margin size

margin direction

Summary of mappings - specification

aes
X position
y position
fill (cont)
£ill (hue)

geom
bar
bar
bar
bar

LAs ordered by share of
Leave

Leave

03
referendum_data %>% 02

mutate(margin=share_leave-0.5) %>% 01
ggplot(data=., 00

aes(x=reorder(area, -share_leave), o
y=margin_leave, 02
fill=margin_leave) + 03

geom_bar()

0
Remain

LAs by Leave




LA margin Leave

0.2

0.1

0.0

-0.1

0.2

-0.3

LAs ordered by share of
Leave

Leave

Remain

LAs by Leave

LAs ordered by geospatial
position

LAs ordered by geospatial
position

data channel
la position
margin size

margin direction

LAs ordered by geospatial
position

X«

Summary of mappings - specification

referendum_data %>%

aess geom ggplot(data=.,

X,y position  poly aes(x=easting,

fill (cont) poly y=northing,

£il1l (hue) poly fill=share_leave) +

geom_polygon()
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LAs ordered by geospatial
position

LAs ordered by geospatial
position

data channel

la position

la area

margin size
margin direction

LAs ordered by geospatial
position

Summary of mappings - specification

referendum_data %>%
ggplot(data=.,
aes(x=easting,
y=northing,

aes geom
X,y position poly

size poly fill=share_leave,
fill (cont) poly size=area) +
£ill (hue) poly geom_polygon()
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Leave vote by degree-level education




share LA Leave

Leave vote by degree-level education

Share LA with degrees

data channel
share leave
share degrees
pop size

Leave vote by degree-level education

Summary of mappings - specification

aes
X position
y position
size (area)

referendum_data %>%

geom ggplot(data=.,

point aes(x=share_leave,
point y=degree_educated,
FeiiE size=electorate) +

geom_point()

o o

Share LA with degrees

share LA Leave

Leave vote by degree-level education

Share LA with degrees

share LA Leave

Leave vote by degree-level education

Share LA with degrees




Leave vote by degree-level education Leave vote by degree-level education
faceted by region

Leave vote by degree-level education Leave vote by degree-level education

Scot faceted by region Scot faceted by region

Y+H 0o NWH%, Y+H

NE Summary of mappings - specification

NW

referendum_data %>%

data channel aes geom ggplot(data=.,
aes(x=share_leave,

share leave x position point
. X y=degree_educated,
W Mid E Mids East shar‘e'degrees y‘pos1t1on po:'mt size=electorate) +
1as pop size size (area) point facet_grid(smwgX~smwgY) +
region plot position pont geom_point()
- “~
o
SW +W o London SE SW +W o London SE
Q Q
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Part 2 : visualization guidelines
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nd open data

[TRZY This is a new service - your feedback will help us to improve it

Home - Department for Transport - Road Safety Data

Road Safety Data

Published by: Department for Transport
Last updated: 31 October 2017

Topic: Transport

Licence: Open Government Licence
Summary

These files provide detailed road safety data about the
circumstances of personal injury road accidents in GB from 1979,
the types (including Make and Model) of vehicles involved and the
consequential casualties. The statistics relate only to personal injury
accidents on public roads that are reported to the police, and
subsequently recorded, using the STATS19 accident reporting form.

View full summary

data.gov.uk | Find open data

[TRZY This is a new service - your feed

k will help us to improve it

Home  Department for Transport -~ Road Safety Data

Road Safety Data

Published by: Department for Transport
Last updated: 31 October 2017

Topic: Transport

Licence: o] Government Li

Summary

These files provide detailed road safety data about the
circumstances of personal injury road accidents in GB from 1979,
the types (including Make and Model) of vehicles involved and the
consequential casualties. The statistics relate only to personal injury
accidents on public roads that are reported to the police, and
subsequently recorded, using the STATS19 accident reporting form.

View full summary

data.gov.uk | Find open data

EISZY This is a new service ~ your feedback will help us to improve it

Home ~ Department for Transport -~ Road Safety Data

Road Safety Data

Severity of casualty Date Day of wecHour of dilocal authority Vehicle type

Serious 15/81/10 Friday 16 Kensington and CtMotorcycle over 125cc
Serious 13/81/10 Wednesday 17 Kensington and CtTaxi/Private hire car
Serious 18/81/10 Monday 7 Kensington and CtMotor cycle 125cc and
Serious 18/01/1@ Monday 7 Kensington and CtMotor cycle 125cc and
Serious 17/61/1@ Sunday @ Kensington and CFCar

Serious 12/01/18 Tuesday 23 Kensington and CtMotorcycle over 508cc
Serious 28/01/1@ Thursday 23 Kensington and CtCar

Serious 29/01/10 Friday 8 Kensington and CtMoped

Serious 31/01/10 Sunday @ Kensington and CtCar

circumstances of personal injury road accidents in GB from 1979,
the types (including Make and Model) of vehicles involved and the
consequential casualties. The statistics relate only to personal injury
accidents on public roads that are reported to the police, and
subsequently recorded, using the STATS19 accident reporting form.
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Guideline 1 : match visual channel to data type

5000 =
4000
— severity
3000
. Fatal
2000 Serious
1000 —
0
car mbike bike other  bus
dimension type visual channel
casualty count ratio length (bar height)
casualty count by mode ordinal position (x-axis)
casualty severity ordinal colour lightness

Guideline 1 : match visual channel to data type

Data
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Categories Measurements
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Nominal Ordinal Interval Ratio
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Guideline 1 : match visual channel to data type

dimension type visual channel
majority Clinton|Trump nominal colour hue (red|blue)
majority size ratio colour lightness

Guideline 1 : match visual channel to data type
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Guideline 2 : exploit our cognitive abilities

car  mbike bike  other  bus




Guideline 2 : exploit our cognitive abilities Guideline 2 : exploit our cognitive abilities

car  mbike bike  other car  mbike bike  other

Guideline 2 : exploit our cognitive abilities Guideline 3: use layout to encourage comparison
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Guideline 3: use layout to encourage comparison
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width : fatal+serious freq

height : not encoded
order : travel mode (freq)

Guideline 3: use layout to encourage comparison
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width : proportion serious | fatal
height : travel mode freq
order : travel mode (freq)

Guideline 3: use layout to encourage comparison

car
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width : proportion serious | fatal
height : travel mode freq
order : travel mode (freq)
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weekday
weekend

width : proportion weekday | weekend
height : travel mode freq
order : travel mode (freq)

Guideline 3: use layout to encourage comparison

Westminster Harrow

width : proportion weekday | weekend
height : travel mode freq

order : travel mode (freq)

facet : borough (select)

Guideline 3: use layout to encourage comparison

BAR BRM BRN BRT BXL cMD CRD
cTY ELG ENF GRN HCK HDN HGY
HMS HNS HRW HVG ISL KNG KNS

LAM LsH MRT NWM RCH RDB STN
SWR TOW WNS WsT WTH

width : proportion weekday | weekend

height : travel mode freq
order : travel mode (freq)
facet : borough alphabetical

Guideline 3: use layout to encourage comparison
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width :
height :

order
facet

proportion weekday | weekend
travel mode freq

: travel mode (freq)

: borough semi-geo position

Guideline 3: use layout to encourage comparison

Guideline 3: use layout to encourage comparison

width

: proportion weekday | weekend

height : travel mode freq
order : travel mode (freq)
facet : borough semi-geo position
lightness : total accidents

Guideline 3: use layout to encourage comparison

width :

height

order :
: borough semi-geo position

: weekday / weekend

facet
lightness

hue

wk  wk
day end
car
mbike
bike
bus
other

proportion weekday | weekend
: travel mode freq

travel mode (freq)

vehicle




Guideline 3: use layout to encourage comparison

Guideline 4 : emphasise the important de-emphasize the
unimportant

mDbll
car
mbik
wk wk
day end
car
mbike
bike
bus
other
Guideline 4 : emphasise the important de-emphasize the
unimportant
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a bad excel default

Guideline 4 : emphasise the important de-emphasize the
unimportant
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Guideline 4 : emphasise the important de-emphasize the

unimportant
o S————) T s o |, o
e | " e - v [

a bad excel default remove pointless 3d remove reference lines

0w 0 ;w400 s 600

remove bar shadow and gradient

unimportant
o D - b e
o R | v || o — | o | ————— s
a bad excel default remove pointless 3d remove reference lines
Guideline 4 : emphasise the important de-emphasize the
unimportant
e oo e
o Y | e | | o I | e o | ——— “erons

o w0 ;m ax0 s &0

remove pointless 3d

oner [
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™
e [E—

0w w0 W0 w00 s 600

remove bar shadow and gradient

emphasise data, de-emphasise axes

remove reference lines

Guideline 4 : emphasise the important de-emphasize the
unimportant

= serious W serious
car W car _

= fatal  fatal

4000 6000

Data-Ink ratio = data ink : total ink in graphic

Tufte 2001




Guideline 5 : don't lie

http://viz.wtf

Guideline 5 : don't lie

Types of debt

The total owed by the average U.S. household, by debt type.

§16,748

Sl 76,222
$49,905

http://viz.wtf

Guideline 5 : don't lie

Types of debt

The total owed by the average U.S. household, by debt type.

-iit cards
[

http://viz.wtf

Guideline 5 : don't lie

Types of debt
The total owed by the average U.S. household, by debt type.

Types of debt
The total owed by the average U.S. household, by debt type.

-iit cards
Mortgages

ns

http://viz.wtf




Guideline 5 : don't lie

Graphical integrity and the lie factor

The representation of numbers as physically measured on
the surface of the graphic itself, should be directly
proportional to the numerical quantities represented

Lie Factor =
size of effect in data

Tufte 2001 : 77

Guideline 5 : don't lie

Lie Factor =
size of effect in data

via Jason Dykes

Guideline 5 : don't lie

Lie Factor =
size of effect in data

Apologies f Apologies
if you've just bought _® if you've just bought
your foreign currency ‘The Visual Display of
at the Post Office. Quantitative Information’!

-

€434 €43401 €42654

via Jason Dykes

Guideline 5 : don't lie

Lie Factor =
size of effect in data

gap= 20 pixels

Apologies Apologies red= €4.8/px
: e - PRl - blu=  €6.1/px
if you've just bought _¥ if you've just bought P
your foreign currency “The Visual Display of
at the Post Office. Quantitative Information'! 9ar2:?:e‘ibe
— — . gapis ...
€434 €434 €426 04 20 piXe'S
20/1.6=

x13!

via Jason Dykes




