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1. Whatis it?
2. How did we get here?

3. How do we do it today?



Data Visualization

WHATISIT?



DATA VISUALIZATION




DATA

Statistics
Mathematics
Scientific Research
Census Data
Political/Economic



VISUALIZATION

Graphical Representation
Visual Variables
(A Much Newer Notion)




Data Visualization

HOW DID WE GET HERE?



Early Visualization Methods

Symbolic Representation
Lists & Tables
2-Dimensional Graphing

Cartography



Symbolic Representation

First step toward creating data
visualization is defining visual
variables (numbers, letters, icons)
that communicate quantities,
qualities

Ex. Hieroglyphics

TP AT

AT RN e R e

[ €

N R

o DN




Lists & Tables

Information displayed according to
a single dimension (alphabetical
order, index, size, location)

EX. Domesday Book (1086): “Great Survey"”
of England
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2-Dimensional Graphing

New dimension allows greater
freedom in representing data —
independent axis corresponds to
list, data measured by dependent
axis

Ex. Cartesian coordinate system
(René Descartes, 1637)
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Cartography

Adding ‘metadata’ to maps like
Cartesian coordinates — creates
higher dimensions to display more
complex information

Ex. Edmund Halley's map of
magnetic variations (1702)




Development of Foundational
Visualization Techniques

Bar Chart
Pie Chart
Timeline

More Complex Representations



Pie Chart, Bar Chart, Timeline

Almost all basic formats of
visualization invented by William

Playfair (1759-1823), Scottish
engineer, political economist
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Building on
Foundations

After Playfair, others began
combining types of graphics into
more complex visualizations

Ex. Charles J. Minard (1781-1870), French
civil engineer

i

CARTE FIGURATIVE
Viandes & Boucherie s s
! consemmees & Perus

pn M MINAAD, Mgpeecrse Giniad ooy Piste ol Cisassen e pevtc

eﬂliuliw.

1 Note

Lisdlown. Siansgr ds esomsasiion 2o Jovis ée
W Bsren. puge .




Carte c%"gurcuive des pectes duccestioes onbommes de X' Qomée Frangais

Lo ol

s o

5

Dressiepae . Nlimazd .

:f/aauA/Ea/C’den.?uL/ e LKLWLC. N812 ~1813.

dams Jes oue

e Fomes - -[;//Iduguae’dig
2e J.

P -y
M/&J /Eﬂ
L. E’/mm, dpc/‘(éu!’; JC,JEWJC; dz.@}?ﬂﬂlﬁr‘qﬁl/ et e jowenal iunedi—de Ja[ﬂbj ?meaﬁﬂ'a&udc. chlu'd/yc, 28 Octobre ..
ouL m&auabfnai/u’m«/&zﬁ’wﬁfwamécj’m@d’@)wﬂé?uﬂa cops bm%ﬁ&é»&bmau

iz fw,Ld f. gerid Des 5;«;6 colorécs & naisond'wm Mrmam«u&,&mmm; ils dowi— 2e vaué conilh em teavers
mme@,c;ui/mﬁ:m./msﬂ»ﬁi

anwjnn‘.'mw_ q‘mmf.a: ¢ s Tonld Chausserc en tebraite
’ = Eavis, Ao 20 oveudee 1869
e f«,-mwceuac-qm} oudortemt—r Aendeiquonments i om—derois & dvessor Mo cante amuélz',»rme’a./

IMaxichal O i avaioni . dikachis we Mok
et Nobilosw MMGJMWL’W Ovscha o 'WH’;RJK., avaiems tﬁ‘g‘nww sanchis Mm/zkméz/

g 2
%
22.000
Farantino
yﬂiﬁ : :
R.
Kowne Witna
2 P E Lioues communss de France. (Carts do M7 Fotongac.)
R L .
Hokilow
TABLEAU CRAPHIQUE della températuge en degiés du thermomélre de Réaunur au dessous de zéro.
. heo
Zérole18 8
bl ” S —— o i
aguas passent au gelop
1o Nibnan gelé. MM i SN Lis
20
50" Ie 28 9 —2le 14 9 #
gt TR ‘,,,,,,:vz”f’i'fh 1erx” 20 gt
—30"1e 6 X"
“Auteg. par Ragnier, 4. Par. J* Warie 5% G Paris.

Imp.Lick. Regniert Dowrdet.



£ 207 /ﬂﬂ;’ 7 g 7

e
4

|

7
47 /, ;"é'ns.oz:‘:: as00
7

Gt
"“', /{/ﬁ}f T
Grs 0stiss 7

LLLLLLLL

.

ACTUAL STEAM PLANT.
(LOUISVILLE LEAVITT PUMPING ENGINE)

A\

i
Y

LAY g S4Y
RS
%{yfﬁ’}z e

7
..
0% X‘, 2 ’",[4
i

i
7
o
%

7 7 7
ol . 7
ECO % /’W//
Y

Iz X

/ / ,,i,"‘f
i
v ({z)f

7
7,

v 2

IDEALIZED STEAM PLANT.

N
Rotiyn. Frove Matwell 5600 . AR

=

Minutes of P; di of Thek it of Civil Enginesns Vol: CXKAIV Seesion1397-98 Fart IV.




. DIAGRAM o rme CAUSES or MORTALITY
APRIL 1855 10 MARCH 1856. IN THE ARMY IN THE EAST.

The Areas of the Hue; red, & black wedges are cach measured from
the cenire as the common vertea.
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Modern Developments

Computers and Graphical User Interface
Visualization as Autonomous

Building on This History



Computation and
Visualization

Demonstration video



https://www.youtube.com/watch?v=BKM3CmRqK2o
https://www.youtube.com/watch?v=BKM3CmRqK2o

Developing the
Graphical User Interface

GUIs introduced in the late ‘60s and
'70s but did not become
widespread until adoption of PCs in
workplaces in the ‘80s

Ex. Xerox Star (1981)
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Using Computers to
Visualize Data
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Visualization as
Autonomous

Simultaneous to GUI development,
new theories of visualization apart
from the data it represented were
being formulated in the academy

EX. Jacques Bertin, Semiologie Graphique
(1967); described elements of visualization as
parameters, variables (language of
computation)
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Creating the History
of Visualization

Edward Tufte's The Visual Display
of Quantitative Information (1983)
identified the lineage of Playfair,
Minard, Nightingale, and others

Made visualization accessible to a
broader audience than
statisticians/

engineers, to include businesses
and the general public

The Visual Disp]ay

of Quantitative Information

EDWARD R. TUFTE



Data Visualization

HOW DO WE
DO IT TODAY?



Contemporary Software for

Data Visualization
Proprietary, Business-Oriented Open Source, General Purpose
AnyChart (2003) R Language (1993)
FusionCharts (2003) Processing (2001)

Tableau (2005) Protovis (2009) — D3.js (2011)



AnyChart

Originally Flash, now HTML5 + JavaScript

JavaScript library + APl (no GUI) (Documentation)

Charts: Area, Bar, Box, Bubble, Bullet, Column, Doughnut, Error, Funnel, Heat Map, Japanese
Candlestick, Jump Line, Line, Marker, OHLC, Pareto, Pie, Polar Plot, Pyramid, Radar, Scatter
Plot, Sparkline, Spline, Spline Area, TreeMap, 3D Bar, 3D Doughnut, 3D Pie, and more


https://docs.anychart.com

AnyChart Example

// create a data set
var data = anychart.data.set([
["John™, 100001,
["Jake"™, 12000],
["Peter", 13000],
["James", 10000],
["Mary", 9000]
133

// create a chart
var chart = anychart.bar();

// create a bar series and set the data
var series = chart.bar(data);

// set the container id
chart.container("container");

// initiate drawing the chart
chart.draw();

Manager
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Mary

Bar Chart: Basic Sample
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Tableau

Desktop app/web app ($, but free version with limited features)

Drag and drop GUI, some customization but difficult to adjust fine-grain
details

Charts: Bar, Table, Line, Scatter Plot, Heat Map, Histogram, Gantt, Pie, Treemap, Box Plot,
Packed Bubble, Map (many more not listed on website)



Tableau Example

Connect to data source e . - —
_ _ = Rous
Drag the Order Date dimension — Bt Ship Mode
to Columns order oate B s
: zecon: CTGSS

Drag the Sales measure to e — B scandard iass
Rows ul Bar -

s & $600,000
On the Marks card, select Bar Cobr || Sae || Lobe
from the drop-down list A el $500.000

Sales

Drag the Ship Mode dimension : CHETD .
to Color on the Marks card |
Drag the Region dimension to e
Rows, and drop it to the left of s200,000
Sales to produce multiple axes

for sales by region o

$0
2011 2012 2013 2014



FusionCharts

({11

Fuiin

.
—
.
==

€




FusionCharts Example

Monthly revenue for last year

: "Monthly revenue for last year",

. "Harry's SuperMart", . Harry's SuperMart
: "Revenues (In USD)",
: Il$ll'
o O $800K
o
=
T $600K
3 T3k, 2
n (1] :
1 1420000 E $400K -
o
o
: "Feb", $200K -
: "810000"
: "Mar", Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 "720000"

Month

: uApr.u ,
: "550000"




R Language
Open source language for statistics, analysis, and visualization
~8,000 packages, many specifically visualization-oriented (ggplot2)

Operates efficiently at scale (millions of data points), favored by data
analysts both for computing power and visualization



R Language Example

H < — C(Ilall'Ilall'llbll'llbll’llbll'tlcll)

counts <- table(H)
barplot(counts)
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Processing

Java-based IDE for “learning how to code within the context of the visual
arts”

Libraries for JavaScript, Python

Plugins/libraries for audio, video, 3d visualization, physical devices
(Arduino, Raspberry Pi)



Processing Example

void barchart(String filename,float yfl, float xfl, float yscale, float xscale,
//Declare a float variabe for the max y axis value.

£lon e Sorry, no bar chart to show!

//Declare a float variable for the minimum y axis value.
float ymin = 0; Moral of the story: lots of

//Set the stroke color to a medium gray for the axis lines

D ' coding “by hand” to do simple
//draw the axis lines. things

line(xf1-3,y£f1+2,xfl+xscale,yfl+2);
line(xf1-3,yf1+2,xf1-3,yfl-yscale);

//turn off strokes for the bar charts.
noStroke();

//loop the chart drawing once.
for (int el = 0; el < 1; ecl++)4

//Set the start x point value.
float xfstart = xfl;

//Load the file.
String[] lines = loadStrings(filename);



D3.js

Acronym for “data-driven documents.” JavaScript library for
“manipulating documents based on data.”

Steep learning curve, but extremely flexible/extensive

Gained popularity through New York Times interactive projects

Executions by day of 20 states with the most executions Red represents multiple executions in a day
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D3.Js Example

var svg = d3.select("svg"), -
margin = {top: 20, right: 20, bottom: 30, left: 40},

width = +svg.attr("width") - margin.left - margin.right, 7

height = +svg.attr("height") - margin.top - margin.bottom; 1%
var x = d3.scaleBand().rangeRound([0, width]).padding(0.1), 10%
y = d3.scaleLinear().rangeRound([height, 0]);

9% —

var g = svg.append("g")

.attr("transform”, "translate(" + margin.left + "," + margin.top °*7

d3.tsv("data.tsv", function(d) { ™7

d.frequency = +d.frequency;
return d;

}, function(error, data) { 5

if (error) throw error;

6% —

b
1

49

®
|

x.domain(data.map(function(d) { return d.letter; }));
y.domain( [0, d3.max(data, function(d) { return d.frequency; })1); %

2% -

g.append("g")
.attr("class", "axis axis—-x")
.attr("transform", "translate(@," + height + ")")
.call(d3.axisBottom(x)); 0%

2
L
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g.append("g")
.attr("class", "axis axis—-y")
.call(d3.axisLeft(y).ticks(10, "%"))
.append("text")



