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Group formation (Deadline 15 Dec 2023)

Form groups of 4 students each. Each student needs to be part of a group. If you are going to drop
the course, don't sign up for the final project as that may delay the progress of other students.

Some suggestions for creating effective groups,

* Be inclusive of people who might not be able to come to class. If they have reached out to your group, find an adequate
hybrid arrangement of working together.

* Strive for diverse groups. (Machine Learning and Al suffer heavily from the bias of individuals and communities.
Diversity is crucial in meaningful and effective work.)

* The most appealing option is to form a group with friends. However, | urge you to form groups where you can challenge
yourselves.

e Agroup of 3 or 5 students will not be accepted.
* Please email TAs if you haven't found a group.

* We will release instructions about the final project after submission of Assignment 2.
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Last Time

* Descriptive Statistics
e Data Transformations
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Today

History of Visualisations
Exploratory Data Analysis
Types of Visualisations
Effective Visualisation



History
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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.”

The Visual Display of Quantitative Information. Edward R. Tufte.
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Tufte (1983)

“The most extensive data maps place millions of bits of information on
a single page before our eyes. No other method for the display of
statistical information is so powerful”
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A bit of history

Maps —> Data Maps (17t Century) —> Time series (1786) —> Scatter plots

e Surprisingly recent: 1750-1800 approx. (much later than many other advances in math
and stats!)

* William Playfair’s “linear arithmetic”:
encode/replace numbers in tables into visual representations.

e 1786 — Line Plots
e 1801 — Pie Charts and Circle Graphs

e Other relevant names throughout history:
Lambert, Minard, Marey



Historical Examples

[Source] XVIIIth. Cent. - Pyrometrie by J. H Lambert
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http://www.fisme.science.uu.nl/wiskrant/artikelen/hist_grafieken/begin/images/pyrometrie.gif
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Historical Examples

[Source] Playfair ’s bar chart in The Commercial and

Political Atlas (1786)
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https://upload.wikimedia.org/wikipedia/commons/3/3f/Playfair_Barchart.gif
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Historical Examples

[Source] Lambert - Evaporation rate against
temperature, 1769



https://halshs.archives-ouvertes.fr/halshs-00663305/document
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Historical Examples

[Source] Minard - Napoleon army map (XIXth. Cent.)
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https://upload.wikimedia.org/wikipedia/commons/2/29/Minard.png
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FIGURATIVE MAP of the successive losses in men of the French Army in the RUSSIAN CAMPAIGN OF 1812-1813

Drawn by Mr. Minard, Inspector General of Bridges and Roads in retirement. Paris, 20 November 1869. The numbers of men present are represented by the widths of the colored zones in a rate of one millimeter for ten thousand

men; these are also written beside the zones. Red designates men moving into Russia, black those on retreat. — The informations used for drawing the map were taken from the works of Messrs. Chiers, de Ségur, de Fezensac, de 2,

Chambray and the unpublished diary of Jacob, pharmacist of the Army since 28 October. In order to facilitate the judgement of the eye regarding the diminution of the army, I supposed that the troops under Prince Jérome and
under Marshal Davoust, who were sent to Minsk and Mobilow and who rejoined near Orscha and Witebsk, had always marched with the army.
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WOMEN NOBEL PRIZE WINNERS

From 1901 to 2019

1901 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2019
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5 DIAGRAM or rie CAUSES or MORTPALITY "
APRIL 1855 o MARCH 1856, IN THE ARMY IN THE EAST. APRIL 1854 7o MARCH 1855,

958
‘Q"'nuvr asevﬁ"’o

The Areas of the blue; red, & black wedges are eack measured. fiom
the cenire as the common verte.

The blue wedges measured from the centre of the circle represent area
for area the deathes lromeLreveniidle or Miligadle Zymotie diseases; the
red wedges ieasured frome the cenire the deatks from wounds, &ilie
black wedges measured lrom the cenire the deaths trom all other causes.

The black line across thered triangle in Nov! 1854 mariks the boundary
o' the deaths from all other causes dwring the monily.

I Oclober 1854, & April 1655, the black area comcides untly the red,
avlaruary & February 1855 the blue concides with the bladk:.

The entire areas may be compared by following the blue. the red & the
black lines enclosing them .

How Florence Nightingale Changed Data
Visualization Forever

https://www.scientificamerican.com/article/how-florence-nightingale-changed-data-visualization-forever/
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Challenges with Data

- The size of datasets from 10 years ago that were difficult to

visualize can now be handled in real time on high-tech hardware.
But the datasets of today have simply grown to be just as
problematic.

- Datasets are getting larger as gathering resolution improves.

- Datasets are getting larger as compute resources grow allowing

higher resolution simulations.
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Visualisation Goals

Analyse (Exploratory)

Explore the data

Assess a situation

Ildentify hidden patterns and trends
Formulate/test hypothesis

Decide what to do next in

analysis/modelling

Communicate (Explanatory)

Present information and ideas

succinctly
Explain and inform
Provide evidence and support

Influence and persuade
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Visualisation Goals

Analyse (Exploratory)
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Visualisation Goals

Communicate (Explanatory)

Reduction Steelmaking Casting Rolling / Forming Fabrication End-use products

Oxygen Continuous Hot Cold Global demand for steel goods
blown furnace casting (slab) strip mill " rolling mil = 1088 million tonnes

Blast furnace
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Cullen, J. M., Allwood, J. M., & Bambach, M. D. (2012). Mapping the global flow of
steel: from steelmaking to end-use goods. Environmental science &
technology, 46(24), 13048-13055.

Global flow of steel from liquid
metal to end-use good
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Tables vs Graphs

* Tables are generally best if you want to be able to look up specific

(56) . . . .
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Graphics reveal d

Anscombe's quartet
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Matejka, J., & Fitzmaurice, G. (2017, May). Same stats, different graphs: generating datasets with varied
appearance and identical statistics through simulated annealing. In Proceedings of the 2017 CHI conference on
human factors in computing systems (pp. 1290-1294).
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Graphics reveal data

Anscombe’s quartet Summary statistics clearly don’t tell the story of how they

differ. But a picture can be worth a thousand words.

0 ..‘,.;:,‘.‘-' X Mean: 54.26
60 :.r ! . Y Mean: 47.83
> Seapmeretil e % X s - 16 7B
" s e v SEel Y SD : 26.893
w il B Corr. : -0.06

0 20 40 60 80 100
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Plot the data.
l:Y P\»O\(’L/ )0'\2-' Okm Are there anomalies?
Are there patterns?

MooLeL_ he doaka




%
TUDelft

Exploratory Data Analysis (EDA)

To convey information through graphical representations of data

sea born Gallery Tutorial API Site ~ Page ~

seaborn: statistical data visualization

l, | b
] 3 D] wak =4 walk =5 walk =
. —y
1 ’_D:}_‘ wak =8 walk =9 walk = 1
. el
Seaborn is a Python data visualization library based on matplotlib. It provides a high-level C
ontents Features

interface for drawing attractive and informative statistical graphics.

For a brief introduction to the ideas behind the library, you can read the introductory notes.

Visit the installation page to see how you can download the package. You can browse the
example gallery to see what you can do with seaborn, and then check out the tutorial and

API reference to find out how.

To see the code or report a bug, please visit the github repository. General support issues

are most at home on stackoverflow, where there is a seaborn tag.

« Introduction

* Release notes
« Installing

« Example gallery
o Tutorial

* APl reference

« Relational: API | Tutorial
« Categorical: API | Tutorial
« Distribution: API | Tutorial
* Regression: API | Tutorial
« Multiples: API | Tutorial

» Style: API | Tutorial

« Color: API | Tutorial
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Viz Options

1. Pandas Visualisation module
2. Matplotlib
3. Seaborn

4. Other options: (Bokeh, Vega, Vincent, Altair,
Plotly, ...)
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EDA Workflow (Recall...)

Build a DataFrame from the data (ideally, put all data in this object)

Clean the DataFrame. It should have the following properties

1. Each row describes a single object

2. Each column describes a property of that object

3. Columns are numeric whenever appropriate

4. Columns contain atomic properties that cannot be further decomposed

Explore global properties. Use histograms, scatter plots, and aggregation functions to

summarize the data.

Explore group properties. Use groupby and small multiples to compare subsets of the
data.



Types of Visualisations



2 .
TUDelft &

Types of Visualisations

What do you want your visualization to show about your data?

 Distribution: how a variable or variables in the dataset distribute over a range
of possible values.

* Relationship: how the values of multiple variables in the dataset relate
 Composition: how the dataset breaks down into subgroups

 Comparison: how trends in multiple variable or datasets compare
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Histograms

A histogram is a way to visualize how 1-dimensional data is distributed across
certain values.

Frequency

Note:

0
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L
o
1|
o
o
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Trends in histograms are sensitive to number of bins.
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Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Pie Charts for Categorical Variables

A pie chart is a way to

visualize the static
composition (aka,
distribution) of a variable
(or single group).
Age
Sy M 14 and below, 12, 12%
M 15-20, 25, 25%
M 21-30, 16, 16%

31-40, 15, 15%
W 41-50, 20, 20%
51 and older, 12, 12%

Pie charts are often
frowned upon (and bar
charts are used instead).
Why?

Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Scatter Plots to Visualise Relationships

A scatter plot is a way to visualize the relationship between two different attributes

of multi-dimensional data.
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Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Stacked area graph to show trend over
time

A stacked area graph is a way to visualize the composition of a group as it changes
over time (or some other quantitative variable). This shows the relationship of a
categorical variable (AgeGroup) to a quantitative variable (year).

3e+05 -
AgeGroup

2e+05 -

Thousands

1e+05 -

0e+00 -

I I I | I
1900 1925 1950 1975 2000
Year

Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Multiple Histograms

Plotting multiple histograms (and kernel density estimates of the distribution,

here) on the same axes is a way to visualize how different variables compare (or
how a variable differs over specific groups).

Comparative Histograms
15.0 = O x
Oy
12.5 - ] _E-
10.0 /f'\ — — T
= \ i
(O] ’\\ . AN
o 754 \ é *z N -
- i N
5.0 - \ \
2.5 qi A1 B
|/ N\
0.0 - T T I I
-2.5 0.0 2.5 5.0 7.5

Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Boxplots

A boxplot is a simplified visualization to compare a quantitative variable across
groups. It highlights the range, quartiles, median and any outliers present in a data

set.

140

120

100

80

60 |-

40t

20

1
1
1
I 1
1
—— : |
1
: ! :
s, ! :
. EE  EE
I
T
@ 1
]
1
1 I
1 1
1
1
1 @
1
I @
1
1
Samplel Sample2 Sample3 Sample4

Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Not Everything is Possible!

Often your dataset seem too complex to visualize:

e Data is too high dimensional (how do you plot 100 variables on the same set of
axes?)

 Some variables are categorical (how do you plot values like Cat or No?)

Birth Data

Unhelpful

Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Reducing Complexity

Relationships may be easier to spot by producing multiple plots of lower
dimensionality.
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Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Reducing Complexity

For 3D data, color coding a categorical attribute can be “effective”

3 T T
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]
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1 [ J
length, Iris type (setosa o °%e’ o’ T
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. . .. [ L
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o
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Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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3D can work

For 3D data, a quantitative attribute can be encoded by size in a bubble chart.

REVENUE VS. RATING

The above visualizes a set of consumer products. The variables are revenue,
consumer rating, product type and product cost.

Material provided by the Data Science course at Harvard University



https://harvard-iacs.github.io/2020-CS109A
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Break

CHILL WALK COFFEE OR TEA MAKE FRIENDS

Icons by Iconathon on The Noun Project



http://iconathon.org/
https://thenounproject.com/

Effective Visualisation
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“The greatest value of a picture is when it forces us to notice what we never expected to see”

John Tukey
AT Wi
% 3 | ‘ X
..... 71%
Zetmeel aardappel
66%
Akkerbouw
‘ 64%
Vleeskalveren
59%
Gemengde bedrijven
54%
Hokdieren
0 20.000 40.000 60.000

[Source]
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$ billions

Treasury Quarterly Net Marketable Borrowing
""Net Cash"

Fiscal Quart
isqalQuaier: $ billions
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-78.5

Note: Includes SOMA redemptions and SFP's. % |
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Not Effective...

Sources: US Treasury and WHO reports

Coupons Maturing*
February15, 2010-November 15, 2039
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Figure 5.2 Mean prevalence rates of Cryptosporidium oocysts by animal species.
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Effective EDA Visualisation

ok e

Have graphical integrity
Keep it simple

Use the right display
Use colour strategically

Tell a story with data



1. Graphical Integrity
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Scale Distortions

If Bush tax cuts expire...
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Scale Distortions

UNEMPLOYMENT LEVEL BY RANDOM QUARTER
JOB LOSS BY QUARTER

15 MIL
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“Double the axes, double the mischief”

NEW VERSION

55%

50

Middle-class share of income

30

20

0 Union membership rate

| I I I I
1970 1980 1990 2000 2010
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Include Uncertainty
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Think about Perceptions

0 0 0 0 0 e

010
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Hurricane Dorian Current information: x Forecast positions:
Thursday August 29, 2019 Center location 21.4 N67.2 W @ Tropical Cyclone Q Post/Potential TC
11 AM AST Advisory 21 Maximum sustained wind 85 mph  Sustained winds: D < 39 mph
NWS National Hurricane Center Movement NW at 13 mph S$39-73 mph H74-110 mph M > 110 mph
Potential track area: Watches: Warnings: Current wind extent:

Day 13 CoX Day 45 Hurcane  TropStm  [Muricane [l TropStm  IMlHurricane 100 Trop Stm

rian Current information: x ~ Forecast positions:
m’gffmu%&m Center location 21.4 N67.2 W @ Tropical Cyclone O Post/Potential TC
11 AM AST Advisory 21 Maximum sustained wind 85 mph  Sustained winds D <39 mph
NWS National Hurricane Center Movement NW at 13 mph S$39.73 mph H 74110 mph M > 110 mph
Potential track area: Watches: Warnings: Current wind extent:
Q\oy13 CEXOsyaS | Humcane  TropSim  MlHurcace Ml T sim  IlHumcane B Trop Sim

Material provided by the Data Science course at Harvard University
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Think about Perceptions

3. NWS Birmingham & L 4

= @NWSBirmingham - Follow

\ONg,

Alabama will NOT see any impacts from #Dorian. We
repeat, no impacts from Hurricane #Dorian will be felt
across Alabama. The system will remain too far east.
#alwx

5:11 PM - Sep 1, 2019 @

O 102K O Reply & Copy link

D Tropical Depression (less than 39 MPH)

Read 1K replies
S Tropical Storm (between 39 MPH and 73 MPH)

H Hurricane (between 74 MPH and 110 MPH)

M Major Hurricane (greator than 110 MPH)

What it tells you.

The probable forecast track of the
center of the storm up to 5 days
out from its current position.

About two-thirds of the time, the
center of the storm will remain in
the cone.

What it doesn't tell you.

The size of the storm.

The impacts both within the cone
and outside the cone. Impacts
often occur well outside of
the cone.

hurricanes.gov I ‘? @

Material provided by the Data Science course at Harvard University
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Model simulations of Irma's path ECMWF 10—meter Wind Speed Maximum Gust Last 6—hours [mph] Max: 143.6 mph
P INIT: 12Z09SEP2017 fx: [042] hr ——> Mon 06Z11SEP2017

40 Lo

ECMWF forecasts at 8 p.m. Sept. 6

Wind speeds 0 mph — 128 mph o Projected location of storm center

Material provided by the Data Science course at Harvard University
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2. Keep it simple
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Maximise Data-Ink Ratio — show GIF!

Remove
o improve

(the data-ink ratio)

Darkhorse Analytics darkhorseanalytics
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The use of Pie Charts is generally

discouraged

Federal Government Receipts by Source
Excise Tax
+ Other

FY 2000

Social Insurance

Payments
Individual
Income Tax

Corpora'_

Taxes

Excise Tax
FY 2007 + Other

Social Insurance
Payments
Individual

‘ Income Tax

Corporat~

Taxes

Excise + Other

Corporate Taxes

Social Insurance Payments

Individual Income Tax

Federal Government Receipts by Source

o FY 2000
O FY 2007
© FY 2000
OFY 2007
OFY 2000
o FY 2007
o FY 2000
o FY 2007

10 20 30 40 50 60 70 80 90 100 110 120 130 140
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Exclude unneeded dimensions

D.J. Coser et al./ Journal of Clinical Epidemiology 57 (2004) 1086-1095

>

550 BINNED FREQUENCY DATA - D4S139
A CHINESE, JAPANESE, KOREAN & VIETNAMESE

0.25

0.2 1
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Il.ll’ﬂ“"“!!!‘!l?lao

e Elu Elxor Evie

BINNED FREQUENCY DATA - D10S28
B CHINESE, JAPANESE, KOREAN, VIETNAMESE

Hazard Ratio

'----.-"'----a 1% Q, \ -
o el A o v o ..-- -~ . '.. "
LLLLLZLD P
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Exclude unneeded dimensions

Much easier to make comparisons

50 -
- Birth rate
A "\ N eeesees Death rate
30 - - Infant mortality rate
[ /
-~ - % /7
20 - e i
------ ., ...... ¥ .. ~— .- - -
10 | 0 remeee LT Lk PO i ™
...................... o~ -
Rl T
o L\l L L 1 ] 1
1950 1955 1960 1965 1970 1975 1980
Year

Figure 1. Fertility reduction and excess death rate and infant mortality
(per thousand) during the Chinese Famine of 1959-61.

Sources: computed from the 1982 Population Census of China and the
1988 Two-Per-Thousand National Survey of Fertility and Contraception.

Material provided by the Data Science course at Harvard University
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Omit chart junk

60

13 [:
o 80 INFLATION (N=415) * Unnecessary bar graphs
2Yr uenrLOTIRNT miof * Pointless and annoying cross-
=wol SHORTAGES (N=88)
<
200 £<] RAcE (H=103) hatching labeled with incomplete
s N [Z] crine =123 o o
g2 7 \ GOVT. PONER (N-15W abbreviation - Moire

20 ’
s W - . g
31s % § > CONFIDENCE (N=200) « Difficult to go back and forth from
€.l / \ NATERGATE (N=537)
S / \ CONPETENCE (N=322) the legend to the bar graph

o 7 % N

INF SHORT CAIME  CONF  COMP e All uppercase letters are hard to
UNEN RACE GOYTPON MNRTERG
ISSUE ARERS read

Source: Center for Political Studies Media Content Analysis Study, 1974; available through the University of
Michigan, ICPSR. Not to be cited without full bibliographical reference to the present article.
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Omit chart junk

Moiré vibration - visual noise, distracting

| TECIDOS pE ALGODAO
m (COTON:\IADES) ( COTTON TEXTILES )

{ PROOUCT uoniPRODUCiA’O( -nooo:vm‘l
(FUSFALX) FUZOS (SHUTTLS) | ‘

(ménews) TEARES (LOODMS)

e ]
3 L (CONSOnmATION) CONSUMO (CONSUMPTION)
FABRICAS DE TECIDOS A PRODUCGAD DETECIDOS
(FABRIQUES 0eTISSUS) (PRODUCTIONDI TISSUS! { TEXTILE PRODUCTION!
{corTon FACTOmIES ) MBI
a5

i) e O8R m

COmISI e w03

.f.'.":'m N
§§
s o M

e 2
SRR R AR ER R R Y
GonNtdsSoamEss
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{ IMPORTATION) _— ]
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== il ‘
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¥ Graph Maker v1 M4

How Many

Gragh Optiors  Heb
Peats In My Street
40
- -
n \
Py x'
"
P
16
12
8 \ P
‘ x
0 Cats Beds
» 8
Pet Types
{3 Copy Line Graph ] Back To Data Entry
: J - > el

Omit chart junk

No reason to connect these counts with lines

o

~

) Pnnt Line Gragh

Create line graphs with Graph Maker

Material provided by the Data Science course at Harvard University
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3. Use the right display



phasise variations (+/-) from a fixed
Tetence pot Typkal o earence
point is zero but it an also rget
or along-term average. Can also be

used to show sentiment
Cpositive/neutral/negative.

Example FT uses
Trade surplus/defict, cimate change

Diverging bar

A simple standard bar
chart that can handle
both negative and
positive magnitude
values

Diverging stacked bar
rect for presenting

P
survey results which
involve senfiment (eg

milmm  disagree/neutral/

W agree),

Splits  single value
o wo cortrstng
15 eg
maefamale.

Surplus/deficit filled line
The shaded area of

these charts allows a
balance 10 be shown -
either against a
baseline or between
two series.

Correlation

how the relationship between two or

morevaiables,Beminfu that, s
tellthem otherwise, many re:

il assume the relationshipsyou show

them to be causal G one causes the

othen).

Example FT
Inflation and unemp\wmem, income
and lfe expectan

The standard way fo

Column + line timeline.
A good way of
showing the
relationship between
an amount (columns)
and a rate Gine).

Connected scatterplot

L, Usually used o show
N | bt reatonstio

TN e
At has changed over
7\ ime.

Bubble
Like a scatterplo,but
adds additonal derail
by szing the circes
according 10 third

® v

XY heatmap

Agood way ofshowing
the patterns betweer

e i sl
effective af showing fine
differences in amounts.

Visual

vocabulary

Designing with data

There are so many ways to visualise data - how do we
know which one to pick? Use the categories across the
top to decide which data relationship is most important
in your story, then look at the different types of chart
within the category to form some initial ideas about what
might work best. This list is not meant to be exhaustive,
nor a wizard, but is a useful starting point for making
informative and meaningful data visualisations.

e
Inspired b the GraphicContinuum by Jon Schuabis and SeverinoRibecca

Of0]

=9 1, com/vocabulary

Ranking

jse where an item’s position in an
ordered lstis more important than its
be

afraid o highiight the points of inferest

Example FT |
Weath, deprivaton, Jesgue abes,
constituency electior

Ordered bar

Standard bar charts

.o the ranks of
B alues much more
= casily when sorted

info order.
L]

Ordered column

Ordered proportional symbol

Usewhen there are g
variations ben
valaes anfr secng

See above.

fin difierences
° between dafa s not so

impe

Dot strip plot
Dots placed in order
onastiparea
e e
method of layi

ying o
ok acros e
categori

Perfect for showing
how ranks have
changed o timear
vary bef

0 ity

Lolipops draw more

value effectively.

Effective for showing
changing rankings.
across maltiple dates.

For large datasets,
onsider gruping es
using colou

Distribution

Show values in a dataset and how often
they occur. The shape (or ‘skew) of a
distribution can be a memorable way of
highighting the lack of uniformity or
equalty in the data.

Example FT uses.
Income distrbution, population
Gage/sex) distrbution,revealing
inequality

Histogram

The standardway 1o
iy
S i
Fage
|||. T

‘shape’ of the data,

Dot plot
=0 Asimple
showingthe change or
®—8 range (min/max) of
@@ dataacross multiple
categories.
oo

Dot strip plot

for showing
individual values ina
distribution,can be @
problem when foo
many dots have the
same value.

Barcode plot
" Like dof stip plots,
‘good for displaying all
i the datain  fable,
| they work best when
m highlighting individual
values

Summarise multple
I Gigtributions by

15 showing the median
Wi Ccenr©)and range of
e data
H—
Violin plot

Similar 1o a box plot but
more effective with
‘complex distribuions.
data that cannot be
summarised with simple
average).

Population pyramid

A standard way for
shovingthe age and sex
popu\a'mn Smibation
ey back o back

stograms.

Cumulative curve

Aveedvayof sty

frioelees S
Jomisiony
Frequency polygons

r dslaying e
datiutons ofdt

Use o emphasise
individual points ina
distribution. Points can
besized foan

sized datasets

Change over Time

Give emphasis fo changing frends.
“These can be short (nira-day)
movements or extended series
Fliestcin s e i
Choosing the correct time period is:
important o provide sutle context
for the reader.

Example FT uses
Share price movements, economic time
series, sectoral changes in a market

Line
‘The standard way fo
show a changing fime
series. f data are
irregular, consider
markers fo represent
data points.

Column

Columns work well for
showing change over
fime - but usually best
with only one series of
data at a time.

A good way of

showing

relationship over fime
an amount

Ccolumns) and a rate

Gine).
Siope.
Good for showing
changing data s long
s5thedaacan
simplifiedinto 20r 3
— e cieswihout mising
akey part of story.
Area chart

Use with care - these

are good
changes to fotal, but
seeing change in
components can be
very difficut

Candlestick
4o Unalyfousedon
] dav-roday sy
i these charts show
‘opening/closing and
‘high/low points of
freitrd

Fan chart (projections)

Usetoshow the
unceainy nfoure
- ey
/"\‘ This grows e futher
forward 1o pojcton

Comected scterpion
—
ingig oo e
X e
/K 1 there is a relatively
\ e

clear p
progression.

Calendar heatmap

Agreat way of showing

showing precision in
quantity.

Priestley fimeline
Great when date and
duration are key

_— ‘elements of the story
— i) the data
—

Circetimeline
Good for showing
BBo®  discrere values of
—e028@  varying size across
——@ess—  multiple categories
e (o cariausesy
continen).

Vertical timeline
Presents fime on the Y
axis. Good for
displaying detailed
fime series that work

especially well when
scrolling on mobile

Seismogram
Another alternative fo
the circl fimeline for
showing series where
there are big
variations in the data.

Streamgraph

Atype of area chart;
hen seeing
changes in proportions.

over time is more

important than
individual values

Magnitude

Show size comparisons. These can be

elaive (just being able 1o see

larger/bigger) of absolute (need 1o see.

o T i
inted number (for example, barrels,

dolarsorpeopieraher

calculated rate or per cent.

Example FT uses.
Commodity production, market
capitalisation, volumes in general

Column
The standard way fo

compare the size of
things. Must always
I start at 0 on the axis.

Bar
See above. Good when
o e
series and labels have
- long category names.
L}

hopers
oot sl o
gl sees Can
Decome acky torend
Vi mere a3

iredar

—_—

—

=

r—
J—

[ shawmgvhenzeand
i
ezameimes
Tong 4 e e e
s ol

Proportional symbol

Use e hre re iy
® yariations betw
. vaues andfor sesing

e ataaes
oo

Isotype (pictogram)

'I"H"I Ery

[
imal).

Lollipop

Lolipop charts draw
more attention fo the
data value than
standard barjcolumn -

does not have o start at
zer0 (but preferable).

Radar

Aspaceeficent vayof
showing

gl variables- but
make sure they are
organised in a way that
makes sense fo reader.

Analterative fo radar
charts - again, the
arrangement of the
variables is important.
Usually benefits from
highighting values.

o0d for showing a

—_— or performance range.
—

Grouped symbol
pE— An ahernative to

Part-to-whole

Show how a single entity can be broken
down i ifs component elements f
the reader's inferest is solely in the size:
of the components, consider
magnitude-type chart instead.

Foca uderne zomvanv structures,
naional election result

Stacked column/bar
Asimple way of
showing part-to-whole
relationships but can be
diffcul to read vith
more than a few,

components.
Marimekko
Agood way of
e shoving the size and

B croportionof astaar

e same time - 5
Bl e
nottoo compliared

Pie
A common way of
sempar i whde
data - but be aware fhat
it difficult fo accurately
compare the size of the
segments.
Donut

similar to.a pie chart -
but the centre can be.a
good way of making

data Ceg totab.

Use for hierarchical
part-to-whole
relationships; can be
diffcul to read when
there are many small
segments.

Away of turning

point than any other
ntroid.

e
J——
| SEI,
e
A e,
o
i
ot s

information, they work
best whe

whole numbers and
work wellin small
mliple layout form.

Venn
Generally only used
for
representation.

Waterfall

T .

relationships where
some of the
Sl
nega

Spatial

Aside from locator maps only u
‘when precise locations or geographical
patterns in data are more important o
the reader than anything else.

Population density, natural resource
locations, natural disaster risk/impact,

catchment areas, variation in election
esuts

Basic choropleth (rate/ratio)

The standord appreach
dg  forpuningdammons
SO e s e
e Ty
e e

Propartional symbl (count/magnitude)
Use for totas rather

& hanrares -bewary
that smalldiferences
in data will be hard to

Flowmap
For showing
A (ambiues
mcvermentacros
map

]

For showing areas of
equal value on a map.

vowing +/- values

i
33

Equalised cartogram

Converting each unit on

. goodforrepresenting
Voting regions with
equal value.

LY

Scaled cartogram (value)
Stretching and
shrinking a map so
that each area is sized
according fo
particular value.

Dot density.

make
any patterns the
reader should see.

Grid-based data values
mapped with an
intensity colour scale.
s choropleth map -
but not snapped fo an
‘admin/polifical unit

i

Flow

St the reacar volumes o ity of
more stat

oconions. These migh be g

sequences or geographical locations.

Movement of funds, trade, migrants,
Iaww\'s normaton eatons

Shows changes in flows
from one condition fo at
st on thr good for
tracing the

s il
process

Waterfall
Designed to show the

sequencing ofdafa
through a fiow
process, ypiclly

I budgers.Caniinclude

+/- companents.

Chord
A complex but
werful diagram
which canilustrate
2-way flows (and net
winner)in a matrix.
Network

Used for showing the
strength and
inter-connectedness
of rlationships of
varying types.

s s 512019
s lcened under  Crestve Commons
Koot Stk . emtorl e



Correlations
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Make efficient use of space

5
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Make efficient use of space

55
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27
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o

* Error bars for BMI (Body Mass
Index) measurements in four
categories.

* Left: This is easy to interpret,
but the viewer cannot see that

40
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- the data is quite skewed.
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Make efficient use of space

Median
. . (Q) . .
Minimum Value in the . Maximum Value in
Data 25th Percentile (Qy) 75th Percentile the Data
(Q3)
W
Bar charts are not appropriate for
¢ o0 o Iy 20¢ ¢ o indicating means * SEs: they add
‘ | ink without conveying any
| additional information
F())Otﬁ.ntlal Interquartile Range Fg)tﬁntlal
utliers (IQR) utliers
Minimum {Minimum Value in the Data, Q, — .5*IQR)

Maximum {(Maximum Value in the Data, Q; + [.5*I1QR)
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Facilitate Comparison

[Y] axes are different
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Facilitate Comparison

A spaghetti chart of baby names popularity
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Linear Scale Facilitate Comparison
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3000 -+
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o | Consider using a log scale when:
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= Data has skewness towards large values;

i.e., cases in which one or a few points
Logarithmic Scale are much larger than the bulk of the
data.
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3D Scatter Plot
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4. Use color strategically



Least Effective

Total fertility rate map: average births per woman by districts, 2011

Material provided by the Data Science course at Harvard University
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Nominal

Ordinal

Ex. Densities

Qualitative Scale

Sequential Scale Diverging Scale

» Max Max <

0

P» Max

Ex. Correlations
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Colours for Categories

Do not use more than 5 colors at once

H % O® 64 AV X
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Colours for Ordinal Data

Vary luminance and saturation

Material provided by the Data Science course at Harvard University
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Colourmaps

US unemployment rate by county

option A aka 'magma’ option B aka 'inferno’
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Avoid Rainbows!

matplotlib gallery

Boring slide show
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Checklist for Graphical Excellence

(check lecture tab for resources)

* Show the data

* Induce the viewer to think about the substance of the findings rather that the methodology, the graphical design, or other aspects
* Avoid distorting what the data have to say

* Present many numbers in a small space, i.e., efficiently

* Make large datasets coherent

* Encourage the eye to compare different pieces of data

* Reveal the data at several levels of detail, from a broad overview to the fine structure
* Serve a clear purpose: description, exploration, tabulation, or decoration

* Beclosely integrated with the statistical and verbal descriptions of the dataset

* Exclude unneeded dimensions

*  Omit "chart junk" (term from E.R. Tufte) and unnecessary ink

* Present data in a way to facilitate comparisons

* Make efficient use of space

* Select the best graph type

* Show uncertainty

* Explore several ways to display the data!



%
TUDelft &

Homework - Design Exercise (Time: 10 min)

In a science program, kids Interest Leove. | Mbex
were asked how they feel Y | |
about doing science. After the beited(8)] 19 =<
pilot program ended, bind of € 25 20
Ok Ho 4

68% g |26

of kids expressed interest towards science,
compared to 44% going into the program.
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Homework - Design Exercise (Time: 10 min)

QZ How Do Vou Feel aphouk
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Interest

%bfmr&

Exeite d_ CE)
kg af €
Ok
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Instructions

1. What do you want to do: Analyse data or
Communicate an insight

2. Sketch a visualisation (pen and paper is fine)

3. Take a photo and submit on Assignments in Brightspace
under Visualisation: Design Exercise (.jpg, .jpeg, .png)

4. Submission deadline Thursday 30 Nov by 2330

5. Discussion of some of your submissions follows in
Lecture 06.

6. Exercise is not graded
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Finish Labs to practice
programming

For next class..

Complete Homework for
more practice

v/

Check Assignment
contents and due date

3

See “To do before class”
for next lecture (~ 1 hour
of self-study)



