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OUTLINE

* MOTIVATION: A PHILOSOPHY OF GRAPHICS
- The good
- The bad, and the ugly
* FRAMEWORK: A GRAMMAR OF GRAPHICS
- What'sin a plot?
- Tips and guidelines
> ILLUSTRATION: A VISION FOR GRAPHICS
- Aesthetics and impact

- TOC figures, slides, posters
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MOTIVATION

(SOME ILLUSTRATIONS)

e worrydream.com/TenBrighterldeas/

e jasondavies.com/maps/transition/

e mbostock.github.io/d3/talk/20111116/#17
o https://observablehg.com

o https://www.visualcinnamon.com/


http://jasondavies.com/maps/transition/
http://mbostock.github.io/d3/talk/20111116/#17
https://www.visualcinnamon.com/

A PHILOSOPRHY OF GRAPHICS
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L MOTIVATION

LETTERS NATURE PHOTONICS por: 10.1038/NPHOTON.2012.300
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Figure 3 | NOON state characterization. a, Density matrix p (magnitudes only) from quantum state tomography, showing large coherence between |LL) and
|RR} components. b, Measured correlation of the filtered CESPDC pairs (no background subtracted). The absence of modulation at the 2 ns cavity roundtrip
time indicates the presence of a single cavity mode.
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GRAMMAR OF GRAPHICS
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e @l of abstract worlds
e ‘Hne ‘a’“id“"‘a’ Primcip(&
of Graphics OlL 8Y0~PIMCS‘ (AS‘O\SQ
. cou(o( 56 o(eri veo(
frolm 'Hne Psuchxoto%ul

of Percep+ 10h.

&) Springer




ANATOMY OF A PLOT
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ANATOMY OF APLOT « THE DATA
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ANATOMY OF APLOT « GUIDES

plot title

y axis title
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ANATOMY OF A PLOT « ANNOTATIONS
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GRAMMAR OF GRAPHICS - MAPPING DATA

e position &

e length _—= _ N

e angle ‘ _

e area ‘ _

e colour _

e shape +ADO I I I I

e linetype,size, time, ...



EXPRESSIVITY, LEGIBILITY, REPRODUCIBILITY

Point & Click Grammar of Graphics

... butyeah\_(*/)_/ COMPUTER SAYS NO

plot(data, map(x, y)) +
layer (point, map(colour = z)) +
layer(line, map(linetype = t)) +
Ctrl-Z theme(fontsize = 12)
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MAPPING DATA TO GLYPHS

plot(data = d,
mapping = map(x = age,
y = circumference)) +
layer (type = point,
mapping = map(shape = Tree,

colour = Tree)) +

layer (type = line,

mapping = map(colour = Tree))
Tree age circ. I C. - @ 200 - 4
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GRAPHICAL EXPLORATIONS

last_plot() + 200 -

facet_grid(Tree ~ .) + P 100

theme_publication 0
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MAPPING DATA TO VISUAL ATTRIBUTES
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' actinide ‘ polyatomic nonmetal

‘ alhali metal . post-ranstion metal

. alkaline earth metal . transition metal

‘ diatomic nonmetal ‘ unknown, predicted to be nobe gas

' lanthanide ‘ unknown, probably metalioid

‘ metalloid ’ unknown, probably post transition metal
©

. noble gas

unknown, probably transition metal




CONSIDER DIFFERENT VISUAL ATTRIBUTES
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BENEFITS OF SCRIPTING GRAPHICS

> EXPLORING MORE POSSIBILITIES

-+ Save time
- Try multiple variations

> CONSISTENCY

- Reproducible code & aesthetics

+ Self-documenting analysis



SUMMARY « KEY POINTS

> SHOW THE DATA ‘AS NATURE INTENDED’

Maximise data-to-ink ratio (no chart junk)
- Sort and organise (meaningful order)

Consider transformations (log, difference, ...

> HELP THE READER

Proximity of things to compare
+ Axes aligned to ease comparisons
Deliberate use of colour and labels






TP #1 AVOID RESCALING IMAGES

Columnwidth: 3.18143in
Textwidth: 6.50127in

Include the figures without rescaling,

. L
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29 00 SIS @ T SET: GB § Wy W 0.35 0.50 0.7%
P X axis title
Figure 1: Nunc sed pede. Praesent vitae lec-
tus. Praecsent neque justo, vehicula eget, inter-
dum id, facilisis ¢t, nibh. Phasellus at purus et
libero lacinia dictum. Fusce aliquet. Nulla eu
ante placerat leo semper dictum.

\usepackage{layouts}

IE(IIE>( tiF) \printinunitsof{in}\prntlen{\columnwidth}
\printinunitsof{in}\prntlen{\textwidth}
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FILE FORMATS

> VECTOR FORMAT

.eps, .svg, .pdf O . 6

o 01 02 03 04 05 06 07 08 09 1

> RASTER FORMAT
Jjpg, .tiff, .png | o 5

¢ 01 02 €3 04 05 0§ 0O07 08 08 1



ASPECT RATIO
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ASPECT RATIO

https://xkcd.com/1732/



DATA-TO-INK RATIO — IS MORE

1000 ]

— Re(GQ)
-- Im(G)

500 -

—~5004+ | |
0.5 22 1 1.5




TIP #5

FAKE 3D IS OFTEN DETRIMENTAL
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y /nm

TP #6 SMALL MULTIPLES

nvy @ ny
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TIP #6 SMALL MULTIPLES
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TP #7 MAKE IMPORTANT COMPARISONS EASIER
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TP #8 DYNAMITE PLOT ALTERNATIVES
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ALWAYS INCLUDE @7 IT DEPENDS
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TP #9 CONTEXTUAL ANNOTATIONS
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USING COLOURS

> USE COLOUR TO SYMBOLISE
Be logical & follow conventions
> USE COLOUR TO PRIORITISE INFORMATION
Smaller areas brighter, larger areas lighter
> USE COLOUR TO IDENTIFY A RECURRING THEME

Be consistent
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CHOOSING COLOUR PALETTES

rainbow |

viridis

N I
cubehelix

Paired [N S

Sequence | IR
Continuous | I I I I
Diverging [ .

Note: ~8% of males, 0.5% of females, are COLOUR BLIND




COLOUR HELPS IDENTIFY, FOCUS, ORGANISE

Subtracted-Shifted RS flat-field-corrected Continuously-Shifted RS
Differences
| Spectrum 1 A : : : : :
|| Al 1 I S| W
. Spectrum 2 )% >_> A '
' ol | A (N
| I (50 shifts) EJ (50. _:spectra)

Average (Flat-Field) Average

Difference J\r : 5 A

CCD pixels CCD pixels Wavenumbers




Absorbance [102 cm™]

COLOUR AND CONTEXT
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CLUSTER MATERIAL INCIDENCE CDA SYSTEM A

positions A
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4 POSTERS & MISC. GRAPHICS
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WHAT IS THE POSTER FOR?
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WHAT GOOD IS A POSTER?

> POSTERS CAN BE EFFECTIVE FOR

Lab advertisement (appealing, introductory)
Discussing our research less formally
Showing the “big picture” - e.g. xkcd.com/980

> POSTER USE IS VARIED

Interactive discussion vs individual viewing
Serious vs introductory - consider your audience
;A lesser oral presentation?
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POSTER PRESENTATION GUIDELINES

> TELL A COMPELLING STORY

Focus on main points
- Attract the viewer’s attention
Use few words, lists

>~ TEST FOR EFFECTIVENESS — print, discuss, iterate
> MAKE THE BEST USE OF THE MEDIUM

Complement with discussion (prepare it)
Consider other supports (tablet, 3D model|, ...
Be original, but not distracting (message first)

S



POSTER TIPS

> FONTS
Few styles, consistent
+ 24pt minimum

- Appropriate (e.g. Helvetica, not %or Comic Sans)

> STRUCTURE
Not an abstract: be concise
Results first: get the attention

Good flow: reading order must be obvious



POSTER TIPS

> Focus ON WHAT'S IMPORTANT

Use only what’s required for your story
Find a beautiful illustration
Be consistent and structured

> FACILITATE THE COMMUNICATION

Choose meaningful colours and illustrations
Design with balance (not too big, use of negative space)
Be ready to present and engage
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0% (critical coupling), and optical energy is re-
distributed in transmission and absorption (4].
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In this work, we describe the conditions that
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RESOURCES

J.L. Doumont « Trees, maps, and theorems
Jan White « Graphic design for the electronic age
Edward Tufte « The visual display of quantitative information

serialmentor.com/dataviz

SOCVIZ.CO

ft.com/vocabulary

data-to-viz.com



https://serialmentor.com/dataviz/
http://socviz.co/
http://ft.com/vocabulary
https://www.data-to-viz.com/
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ADDITIONAL LINKS

https://github.com/kbroman/Talk_Graphs
http://www.perceptualedge.com/examples.php
http://colinpurrington.com/2012/example-of-bad-scientific-
poster/

http://tools.medialab.sciences-po.fr/iwanthue/

Aspect ratio: http://vis.berkeley.edu/papers/banking/
http://earthobservatory.nasa.gov/blogs/elegantfigures/
2013/08/06/subtleties-of-color-part-2-of-6/

Show the data, don't conceal them

https://doi.org/10.1111/j.1476-5381.2011.01251.x


https://github.com/kbroman/Talk_Graphs
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SOFTWARE SUGGESTIONS

> PLOTS

 Python, R, ...
- D3, Vega-lite, plot.ly (interactive)
- Tableau (expensive)

> SCHEMATICS & LAYOUT

- Inkscape (open-source)
- Adobe Illustrator, Indesign (expensive)


http://plot.ly
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Emphasise variations (+/-) from a
fixed reference point. Typically the
reference point is zero but it can also
be a farget or a long-term average.
Can also be used to show sentiment
(positive/neutral/negative).

Example FT uses
Trade surplus/deficit, climate change

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

Diverging stacked bar

Perfect for
T presenting survey
1] results which involve
[ ]
[
I

sentiment (eg
disagree/neutral/
agree)

Spine chart

Splits a single value
into 2 contrasting
components (eg
Male/Female).

Surplus/deficit filled line
The shaded area of

these charts allows a
balance to be shown
- either against a

baseline or between

two series.

Correlation

Show the relationship between two or
more variables. Be mindful hat, unless
you tell them otherwise, many readers
will assume the relationships you
show them to be causal (i. one
causes the other).

Example FT uses
Inflation & unemployment, income &
life expectancy

Scatterplot

The standard way to
show the relationship
between two
continuous variables,
each of which has its
own axis.

Line + Column
A good way of
showing the
relationship between
an amount (columns)
and a rafe line).

Connected scatterplot
Usually used fo show
how the relationship
between 2 variables
has changed over
time.

Bubble

Like a scatterplot, but

-, adds additional detail

",’ by sizing the circles
according to a third

@0 .

XY heatmap
A good way of showing
[ = the patterns between 2
categories of data, less
good at showing fine
differences in amounts

Ranking

Use where an item’s position in an
ordered list is more important than its
absolute or relative value. Don't be
affaid to highlight the points of
interest.

Example FT uses
Wealth, deprivation, league tables,
constituency election results

Ordered bar
Standard bar charts

M ;o the ranks of
B \olues much more
- easily when sorted
. into order.

Ordered column

Ordered proportional symbol

See above.

Use when there are big
variations between
values and/or seeing

. fine differences

. between data is not so

important.

Dot strip plot

Dots placed in order
onastriparea
space-efficient
method of laying out
ranks across multiple
categories.

Slope
Perfect for showing
how ranks have
changed over time or
vary between

’\' categories.

Lollipop chart

o Lolipops draw more

o attention to the data
value than standard

e ®  Lercolumnandcan
e also show rank and

value effectively.

ft.com/vocabulary

Distribution

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

Example FT uses
Income distribution, population
(age/sex) distribution

Histogram

The standard way to
show a statistical

distribution - keep the
gaps befween columns
I I g smal o highiight the

‘shape’ of the data.

Boxplot

Summarise multiple
| distributions by

- showing the median
U (centre) and range of

the data

Violin plot
Similar to a box plot
but more effective with
complex distributions
(data that cannot be
summarised with
simple average).

Population pyramid

A standard way for
showing the age and
sex breakdown of a
population distribution;
effectively, back fo back
histograms.

Dot strip plot

Good for showing
individual values in a
distribution, can be a
problem when too
many dots have the
same value.

Dot plot
— Asimple way of
showing the change
®— o range (min/max)

o——e of data across
multiple categories.

—e
Barcode plot
Like dot strip plots,
1} good for displaying
I all the dataina
tablethey work best
i when highlighting

individual values.

Cumulative curve

Agood way of
showing how unequal
adistribution is:y axis
is always cumulative
frequency, x axis is
always a measure.

Change over Time

Give emphasis o changing trends.
These can be short Cintra-day)
movements or extended series
traversing decades or centuries:
Choosing the correct time period is
important fo provide suitable confext
for the reader.

Example FT uses
Share price movements, economic
time series

Line

The standard way fo
show a changing time
series. If data are
irregular, consider
markers to represent
data points.

Column

Columns work well

for showing change
over time - but
usually best with only
one series of data at

atime.

Line + column

A good way of
showing the
relationship over time
between an amount
(columns) and a rate
dine).

Stock price
Usually focused on

day-to-day activity,

‘I_ these charts show
.[ 1 opening/closing and
1

hi/low points of each
day.

Slope
Good for showing
changing data as long
as the data can be
simplified info 2 or 3

’\. points without missing

akey part of story.

Area chart

Use with care - these
are good at showing

changes to total, but
d seeing change in

— components can be

very difficult

Fan chart (projections)
Use fo show the
uncertainty in future
projections - usually
this grows the further
forward fo projection.

Connected scatterplot

A good way of
showing changing
data for two variables
whenever there is a
relatively clear pattern
of progression.

Calendar heatmap

A great way of
showing temporal
patterns (daily, weekly,
monthly) - at the
expense of showing
precision in quantity.

Priestley timeline
Great when date and
duration are key

—

— elements of the story
B, the data.
—

Circle timeline

Good for showing
discrefe values of
varying size across
multiple categories.
(eg earthquakes by
contintent).

il

Seismogram
Another alfernative
to the circle timeline
for showing series
where there are big
variations in the data.

Part-to-whole

Show how a single entity can be
broken down into its component
elements. If the readers interest is
solely in the size of the components,
consider a magnitude-type chart
instead.

Example FT uses
Fiscal budgets, company structures,
national election results

Stacked column

A simple way of
=== showing part-to-whole
— relationships but can

be difficult to read with
Bl roethonafen

components.

Proportional stacked bar

A good way of
showing the size and
proportion of data at
the same fime - as
long as the data are
not oo complicated.

Pie
A common way of
showing part-to-whole
data - but be aware
that it's difficult to
accurately compare the
size of the segments,

Donut

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

space to include more
information about the
data (eg. fotal).

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

Away of turning
> \ any point within each

area is closer to the
central point than
any other centroid.

Sunburst

Another way of

3 visualisaing hierarchical
part-to-whole

'i_ relationships. Use
sparingly (if at al) for
obvious reasons.

A hemicycle, offen
used for visualising
political results in
parliaments.

Gridplot

Good for showing %
information, they
work best when used
on whole numbers
and work well in
multiple layout form.

Venn
Generally only used
for schematic
representation.
Waterfall

relationships where
some of the
components are
negative.

“ Can be useful for
l I showing part-to-whole

Magnitude

Show size comparisons. These can be
relative (just being able o see
larger/bigger) or absolute (need to
see fine differences). Usually these
show a ‘counted” number (for example,
barrels, dollars or people) rather than
a calculated rate or per cent.

Example FT uses
Commodity production, market
capitalisation

Column

The standard way fo
compare fhe size of
things. Must always
I start at O on the axis.

See above. Good
M . the data are not
B time series and labels
- have long category
™ names.

Paired column

As per standard

column but allows for

multiple series. Can

become tricky to read
' with more than 2

series.

See above.

Proportional stacked bar

A good way of
showing the size and
proportion of data at
the same time - as
long as the data are
not too complicated.

Proportional symbol
Use when there are
®  1ig variations between
. values and/or seeing
fine differences

between data is not so
important.

Isotype (pictogram)
Excellent solution in
TTTT* some instances - use
only with whole
www numbers (do not slice

off anarm to
represent a decimal).

Lollipop chart

Lollipop charts draw
® 1ore attention fo the
—e

data value than
standard bar/column -
3 does not HAVE fo start

Radar chart

A space-efficient way
of showing value pf
multiple variables- but
make sure they are
organised in a way that
makes sense to reader.

Parallel coordinates

An alternative to radar
charts - again, the
arrngement of the
variables is important.
Usually benefits from
highlighting values.

at zero (but preferable).

Spatial

Used only when precise locations or
geographical patterns in data are
more important to the reader than
anything else.

Example FT uses

Locator maps, population density,
natural resource locations, natural
disaster risk/impact, catchment areas,
variation in election results

Basic choropleth (rate/ratio)

The standard approach
g for putting data on a
3®  map - should always be
,x‘ M rates rather than toals
] and use a sensible base
geography.

Proportional symbol (count/magnitde)

. Use for totals rather
than rates - be wary

that small differences

in data will be hard to

Flow map
For showing
unambiguous
movement across a

Contour map

For showing areas of
equal value on a map.
Can use deviation
colour schemes for
showing +/- values

Equalised cartogram

Converting each unit on
a map to a regular and
equally-sized shape -
good for representing
voting regions with
equal value.

Scaled cartogram (value)

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

Dot density

Used to show the
location of individual
events/locations -
make sure to annotate
any patterns the
reader should see.

Heat map

Grid-based data values
mapped with an
intensity colour scale.
As choropleth map -
but not snapped to an
admin/political unit.

Show the reader volumes or intensity
of movement between two or more
states or conditions. These might be
logical sequences or geographical
locations.

Example FT uses

Movement of funds, trade, migrants,
lawsuits, information; relationship
graphs.

Sankey
Shows changes in flows
from one condition to
—~ at least one other; good
= for tracing the eventual
outcome of a complex
process.
Waterfall

through a flow
process, typically
budgets. Can include
+/- components.

Designed fo show the
1 I oo

Chord
A complex but
powerful diagram
which can ilustrate
2-way flows (and net
winner) in a matrix
Network

Used for showing
the strength and
inter-connectdness
of relationships of
varying types.
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