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Figures are the way your science is 
presented to an audience



²Ƙŀǘ ǘƘƛǎ ŎƻǳǊǎŜ ŎƻǾŜǊǎΧ

ÅTheory of data visualisation
ïWhy do some figures work better than others?

ïApplying theory to common plot types

ÅEthics of data representation

ÅUsing graphic design

ÅEditing bitmap images in GIMP

ÅVector editing and compositing in Inkscape



²Ƙŀǘ ǘƘƛǎ ŎƻǳǊǎŜ ŘƻŜǎƴΩǘ ŎƻǾŜǊΧ

ÅHow to draw graphs in specific programs

ïR Introduction

ïStatistics with R

ïStatistics with GraphPad

ïPlotting with R/ggplot



Timetable

ÅMorning

ïIntroduction

ïData Visualisation 
Theory

ÅCoffee

ïData Representation 
Practical

ïPlots and ethics talk

ïDesign theory talk

ÅAfternoon

ïGIMP Tutorial

ïGIMP Practical

ÅCoffee

ïInkscape Tutorial

ïInkscape Practical

ïFinal practical



Collect Raw Data
Process and Filter 

Data
Clean Dataset

Exploratory 
Analysis

Generate 
Conclusion

Data Visualisation Process

Clean Dataset

Exploratory 
Analysis

Generate 
Conclusion



Exploratory visualisation

ÅUnderstand your data

ÅMultiple ways to present and summarise

ÅCrude representations

ÅInteractive

ÅNot intended for final publication

ïCan be adapted for publication
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Reference visualisation

ÅUsing your data as a resource

ÅAllows users to look up data of interest

ÅTabular / Configurable

ÅInteractive





Illustrative visualisation

ÅIntended to convey a specific point

ÅCarefully chosen subset of data

ÅOptimised presentation

ÅGood design

ÅUsed for figures in papers





What makes a good figure?

ÅHas a clear message
ïHelps to tell a story
ïAdds to the text, and links to it

ÅIs focused
ï5ƻƴΩǘ ŎƻƴŦǳǎŜ ƻƴŜ ƳŜǎǎŀƎŜ ǿƛǘƘ ŀƴƻǘƘŜǊ

ÅIs easy to interpret correctly
ïGood data visualisation
ïGood design

ÅIs an honest and true reflection of the data



The theory of data 
visualisation

Simon Andrews, Phil Ewels

simon.andrews@babraham.ac.uk

phil.ewels@scilifelab.se



Data Visualisation

ÅA scientific discipline involving the creation 
and study of the visual representation of data 
whose goal is to communicate information 
clearly and efficiently to users.

ÅData Visualisation is both an art and a science.
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Collect Raw Data
Process and Filter 

Data
Clean Dataset

Exploratory 
Analysis

Generate 
Conclusion

Generate 
Visualisation

Data VizProcess



! Řŀǘŀ Ǿƛǎǳŀƭƛǎŀǘƛƻƴ ǎƘƻǳƭŘΧ

ÅShow the data

ÅNot distort the data

ÅSummarise to make things clearer

ÅServe a clear purpose

ÅLink to the accompanying text and statistics



Different representations have 
common elements



Graphical Representations

ÅBasic questions

ïHow are you going to turn the data into a 
graphical form (weight becomes length etc.)

ïHow are you going to arrange things in space

ïHow are you going to use colours, shapes etc. to 
clarify the point you want to make



Marks and Channels

ÅMarks

ïGeometric primitives
ÅLines

ÅPoints

ÅAreas

ïUsed to represent 
data sets

ÅChannels

ïGraphical appearance of a mark
ÅColour

ÅLength

ÅPosition

ÅAngle

ïUsed to encode data



Figures are a combination of marks 
and channels
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Golden Rules

ÅEffectiveness

ïEncode the most important information with the 
most effective channel

ÅExpressiveness

ïMatch the properties of the data and channel



Types of channel
ÅQuantitative
ïPosition on scale
ïLength
ïAngle
ïArea
ïColour (saturation)
ïColour (lightness)

ÅQualitative
ïSpatial Grouping
ïColour (hue)
ïShape



Colour

ÅTechnical representations of colour

ïRed + Green + Blue (RGB)

ïCyan + Magenta + Yellow + Black (CMYK)

ÅPerceptual representation of colour

ïHue + Saturation + Lightness (HSL)



HSL Representation

ÅHue            = Shade of colour     = Qualitative
ÅSaturation = Amount of colour = Quantitative
ÅLightness   = Amount of white  = Quantitative

ÅHumans have no innate quantitative perception of hue 
but we have learned some (cold ςhot, rainbow etc.)

ÅOur perception of hue is not linear



Types of channel
ÅQuantitative
ïPosition on scale
ïLength
ïAngle
ïArea
ïColour (saturation)
ïColour (lightness)

ÅQualitative
ïSpatial Grouping
ïColour (hue)
ïShape



Data Types
ÅQuantitative
ïHeight, Length, Weight, Expression etc.

ÅOrdered
ïSmall, Medium, Large

ïJanuary, February, March

ÅCategorical
ïWT, Mutant1, Mutant2

ïGeneA, GeneB, GeneC



Golden Rules

ÅEffectiveness

ïEncode the most important information with the 
most effective channel

ÅExpressiveness

ïMatch the properties of the data and channel



Golden Rules

ÅEffectiveness

ïEncode the most important information with the 
most effective channel

ÅExpressiveness

ïMatch the properties of the data and channel



Effectiveness of quantitation
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Quantitation Perception



Golden Rules

ÅEffectiveness

ïEncode the most important information with the 
most effective channel

ÅExpressiveness

ïMatch the properties of the data and channel



Most Quantitative Representations

ÅBar chart
ÅStacked bar chart with common start
ÅStacked bar chart with different starts
ÅPie charts
ÅBubble plots (circular area)
ÅRectangular area
ÅColour (luminance)
ÅColour (saturation)

Good quantitation

Poor quantitation



Discriminability

ÅIf you encode categorical data are the 
differences between categories easy for the 
user to perceive correctly?



Qualitative Discrimination

ÅHow many colours can you discriminate?



Qualitative Discrimination

ÅHow many (fillable) shapes can you 
discriminate? 

ÅCan combine with colour, but need to 
maintain similar fillable areas



Qualitative Discrimination

ÅCan combine with 
colour, but need to 
maintain similar 
fillable areas



Separability

ÅThe effectiveness of a channel does not always 
survive being combined with a second channel.

ÅThere are large variations in how much two 
different channels interfere with each other

ÅTrying to put too much information on a figure 
Ŏŀƴ ŜǊƻŘŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ Ƴŀƛƴ Ǉƻƛƴǘ ȅƻǳΩǊŜ 
trying to make



Separability

Larger points are 
easier to 

discriminate than 
smaller ones

We tend to focus 
on the area of the 
shape rather than 
the height/width 

separately

Humans are very 
bad at separating 
combined colours

There is no 
confusion between 
the two channels



Popout

ÅA distinct item immediately stands out from 
the others

ÅTriggered by our low level visual system

Å̧ ƻǳ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ŀŎǘƛǾŜƭȅ ƭƻƻƪ ŀǘ ŜǾŜǊȅ Ǉƻƛƴǘ 
(slow!) to see it



Popout
(find the red circle)



Popout
Speed of identification is independent of the number of distracting points



Popout
Colour pops out more than shape



Popout
Mixing channels removes the effect

(Find the red circle)



Use of space

ÅWhere you want a viewer to focus on specific 
subsets of data you can help their perception 
by using the layout or highlighting of data to 
ŘǊŀǿ ǘƘŜƛǊ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ Ǉƻƛƴǘ ȅƻǳΩǊŜ 
making



Grouping

0

10

20

30

40

50

60

70

80



Grouping
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Ordering

ÅIs a monkey heavier than a dog?
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Containment / Linking
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Validation

ÅAlways try to validate plots you create

ÅYou have seen your data too often to get an unbiased 
view

ÅShow the plot to someone not familiar with the data
ïWhat does this plot tell you?

ïIs this the message you wanted to convey?

ïIf they pick multiple points, do they choose the most 
important one first?



General Rules
ÅNo unnecessary figures
ïDoes a graphical representation make things clearer?
ïWould a table be better?

ÅOne point per figure
ïDesign each figure to illustrate a single point
ïAdding complexity compromises the effectiveness of the 

main point

ÅNo absolute reliance on colour
ïFigures should ideally still work in black and white
ïColour should help perception



Making effective use of common 
plot types

Anne Segonds-Pichon
Simon Andrews

Phil Ewels

anne.segonds-pichon@babraham.ac.uk
simon.andrews@babraham.ac.uk

phil.ewels@scilifelab.se



Types of plot
Things you can illustrate



Plot Properties

ÅExploration, Presentation or both?

ÅEffectiveness

ÅScalability

ÅOptions

ÅPotential Problems



Distributions



ÅExploration or Presentation
ÅEffectiveness
ÅScalability

Histograms / Density Plots

Both
Good
Poor



Å Bin Size
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Histogram Options / Problems

Å Discrete Data
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Box Plots
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BoxPlotProblems

Assumes a large, normally distributed dataset

Misleading plots from small or non-normal datasets

In most cases there are better alternatives 



Bean Plots

ÅExploration or Presentation
ÅEffectiveness
ÅScalability

Both
Good
Good / Intermediate

Beans (Individual data points)

Sample mean

Global mean

Data Density



BoxPlotvs Beanplot

Bimodal Uniform Normal



Comparisons
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ÅExploration or Presentation
ÅEffectiveness
ÅScalability

Both
Good
Poor



Barplot
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BarplotOptions

Standard deviationStandard error
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BarplotProblems
Setting a suitable baseline
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BarplotOptions / Problems
Dealing with ratio data



Confidence Interval Plots
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Relationships



Line Graphs
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Line Graph Problems
Discrete Data

Implies interpolation
Can be useful for exploration
{ƘƻǳƭŘƴΩǘ ǳǎŜ ŦƻǊ ǇǊŜǎŜƴǘŀǘƛƻƴ



Scatterplots

ÅExploration or Presentation
ÅEffectiveness
ÅScalability

Both
Good
Intermediate



Scatterplot Options / Problems
Large Data Equality of Axes


