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[- WHY VISUALIZING DATA? -]

How many "3" in that sequence?

from Ware (2012)
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[- WHY VISUALIZING DATA? -]

What can you say from this graphic?
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[- WHAT WE DO: -]: IMPLICIT COMPARISONS

What does this curve tells you ?
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[- WHAT WE DO: -]: IMPLICIT COMPARISONS

Source: Global Carbon Budget 2018

https://www.icos-cp.eu/sites/default/files/inline-images/s09_FossilFuel_and_Cement_emissions_1959.png
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[- WHAT WE DO: -]: EXPLICIT COMPARISONS

We compare: Surfaces...

Source: Global Novethic

https://www.novethic.com/sustainable-finance-trends/detail/investing-with-a-purpose-analysing-european-asset-owners-contribution-to-the-sdgs.html
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[- WHAT WE DO: -]: EXPLICIT COMPARISONS

Lines...

Source: UNDP

https://www.undp.org/content/dam/undp/library/SDGs/English/Global%20Trends_UNDP%20and%20UNRISD_FINAL.pdf
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[- WHAT WE DO: -]: EXPLICIT COMPARISONS

Bars...

Source: Meera Umasankar

https://datavizblog.com/2019/09/26/makeovermonday-2019-38-sustainable-development-goals/ 
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[- WHAT WE DO: -]: EXPLICIT COMPARISONS

Colors?

source: Datawrapper

https://blog.datawrapper.de/choroplethmaps/
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[- WHAT WE DO: -]: EXPLICIT COMPARISONS

Color intensity!

source: Datawrapper

https://blog.datawrapper.de/choroplethmaps/
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Goals of Data Visualisation
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GOALS OF DATA VISUALISATION

Data visualisation serves at least two main purposes:

I Data exploration
Graphics as visual tests, comparisons
→ short time to built, short time to read

I Data representation
Summaries, comparisons, storytelling
→ long time to build, short time to read
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Ecosystem Accounts
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[- NATIONAL RIVER ECOSYSTEM ACCOUNTS -]
What can you say from this table?
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[- NATIONAL RIVER ECOSYSTEM ACCOUNTS -]

What can you say from this graphic?

Source: National River Ecosystem Accounts for South Africa (2015

http://www.statssa.gov.za/wp-content/uploads/2016/08/National-River-Ecosystem-Accounts-Discussion-Document-FINAL.pdf
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Decoding visual
Information
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QUIZ: DECODE CLASSICS

Source: Knowable magazine

https://www.knowablemagazine.org/article/mind/2019/science-data-visualization
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[- TAKEAWAYS -]

- KISS: Keep It Simple Stupid!

Ed Hawkins

https://en.wikipedia.org/wiki/Warming_stripes
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[- TAKEAWAYS -]

- Facilitate comparisons

↪→ Can you see the evolution of electricity?
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[- TAKEAWAYS -]

- Not all graphics are born equal

Source: Munzner (2014)
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[- TAKEAWAYS -]

- Tables can be graphics
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[- TAKEAWAYS -]

- Good practices & Guidance

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 di�erent 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.

FT graphic: Alan Smith; Chris Campbell; Ian Bott; Liz Faunce; Graham Parrish; Billy Ehrenberg; Paul McCallum; Martin Stabe
Inspired by the Graphic Continuum by Jon Schwabish and Severino Ribecca

Flow
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.

Waterfall

Sankey

Chord

Network

Spatial
Aside from locator maps only used 
when precise locations or geographical 
patterns in data are more important to 
the reader than anything else. 

Example FT uses
Population density, natural resource 
locations, natural disaster risk/impact, 
catchment areas, variation in election 
results

Basic choropleth (rate/ratio)

Scaled cartogram (value)

Flow map

Contour map

Equalised cartogram

Proportional symbol (count/magnitude)

Change over Time
Give emphasis to changing trends. 
These can be short (intra-day) 
movements or extended series 
traversing decades or centuries: 
Choosing the correct time period is 
important to provide suitable context 
for the reader.

Example FT uses
Share price movements, economic time 
series

Column

Fan chart (projections)

Column + line timeline

Calendar heatmap

Line

Priestley timeline

Circle timeline

Connected scatterplot

Vertical timeline

Magnitude
Show size comparisons. These can be 
relative (just being able to see 
larger/bigger) or absolute (need to see 
fine di�erences). 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

Paired column

Paired bar

Bar

Column

Deviation
Emphasise variations (+/-) from a fixed 
reference point. Typically the reference 
point is zero but it can also be a target 
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

Diverging stacked bar

Surplus/deficit filled line

Spine

The standard approach 
for putting data on a 
map – should always be 
rates rather than totals 
and use a sensible base 
geography.

The standard way to 
compare the size of 
things. Must always 
start at 0 on the axis.

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

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

Use to show the 
uncertainty in future 
projections - usually 
this grows the further 
forward to projection.

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

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

Great when date and 
duration are key 
elements of the story 
in the data.

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

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

Presents time on the Y 
axis. Good for 
displaying detailed 
time series that work 
especially well when 
scrolling on mobile.

See above. Good when 
the data are not time 
series and labels have 
long category names.

As per standard 
column but allows for 
multiple series. Can 
become tricky to read 
with more than 2 
series.

See above.

Isotype (pictogram)

Lollipop

Proportional symbol

Radar

Parallel coordinates

Use when there are big 
variations between 
values and/or seeing 
fine di�erences 
between data is not so 
important.

Excellent solution in 
some instances – use 
only with whole 
numbers (do not slice 
o� an arm to represent 
a decimal).

Lollipop charts draw 
more attention to the 
data value than 
standard bar/column – 
does not have to start at 
zero (but preferable).

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

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

Marimekko

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

Use for totals rather 
than rates  – be wary 
that small di�erences 
in data will be hard to 
see.

For showing 
unambiguous 
movement across a 
map.

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

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

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

Designed to show the 
sequencing of data 
through a flow 
process, typically 
budgets. Can include 
+/- components.

A complex but 
powerful diagram 
which can illustrate 
2-way flows (and net 
winner) in a matrix.

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

The standard way to 
show a statistical 
distribution - keep the 
gaps between columns 
small to highlight the 
‘shape’ of the data.

Standard bar charts 
display the ranks of 
values much more 
easily when sorted 
into order.

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

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

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

Summarise multiple 
distributions by 
showing the median 
(centre) and range of 
the data

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

A standard way for 
showing the age and sex 
breakdown of a 
population distribution; 
e�ectively, back to back 
histograms.

A good way of showing 
how unequal a 
distribution is: y axis is 
always cumulative 
frequency, x axis is 
always a measure.

See above.

Use when there are big 
variations between 
values and/or seeing 
fine di�erences 
between data is not so 
important.

Dots placed in order 
on a strip are a 
space-efficient 
method of laying out 
ranks across multiple 
categories.

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

Lollipops draw more 
attention to the data 
value than standard 
bar/column and can 
also show rank and 
value e�ectively.

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

Usually used to show 
how the relationship 
between 2 variables 
has changed over 
time. 

Like a scatterplot, but 
adds additional detail 
by sizing the circles 
according to a third 
variable.

A good way of showing 
the patterns between 2 
categories of data, less 
good at showing fine 
di�erences in amounts.

Perfect for presenting 
survey results which 
involve sentiment (eg 
disagree/neutral/
agree).

Splits a single value 
into two contrasting 
components (eg
male/female).

The shaded area of 
these charts allows a 
balance to be shown – 
either against a 
baseline or between 
two series.

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

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

Ordered column

Ordered proportional symbol

Lollipop

Slope

Dot strip plot

Ordered bar

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

Example FT uses
Inflation & unemployment, income & life 
expectancy

Column + line timeline

Connected scatterplot

Bubble

XY heatmap

Scatterplot

Distribution
Show values in a dataset and how often 
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

Boxplot

Violin plot

Population pyramid

Cumulative curve

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.

ft.com/vocabulary

Seismogram

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

Bullet

Grouped symbol

Good for showing a 
measurement against 
the context of a target 
or performance range.

Part-to-whole
Show how a single entity can be broken 
down into its component elements. If 
the reader’s 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 
more than a few 
components.

Pie

Donut

Treemap

Voronoi

A common way of 
showing part-to-whole 
data – but be aware that 
it’s difficult to accurately 
compare the size of the 
segments.

Similar to a pie chart – 
but the centre can be a 
good way of making 
space to include more 
information about the 
data (eg total).

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

A way of turning 
points into areas – any 
point within each area 
is closer to the central 
point than any other 
centroid.

Marimekko

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

Arc

Gridplot

Waterfall

Venn

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

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

Generally only used 
for schematic 
representation.

Can be useful for 
showing part-to-whole 
relationships where 
some of the 
components are 
negative.

An alternative to 
bar/column charts when 
being able to count 
data or highlight 
individual elements is 
useful.

E�ective for showing 
changing rankings 
across multiple dates. 
For large datasets, 
consider grouping lines 
using colour.

Bump

For displaying multiple 
distributions of data. 
Like a regular line 
chart, best limited to a 
maximum of 3 or 4 
datasets.

Frequency polygons

© Financial Times

Candlestick

Usually focused on 
day-to-day activity, 
these charts show 
opening/closing and 
high/low points of 
each day.

Area chart

Slope

Good for showing 
changing data as long 
as the data can be 
simplified into 2 or 3 
points without missing 
a key part of story.

Use with care – these 
are good at showing 
changes to total, but 
seeing change in 
components can be 
very difficult.

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

Like dot strip plots, 
good for displaying all 
the data in a table, 
they work best when 
highlighting individual 
values.

Dot strip plot

Barcode plot

A simple way of 
showing the change or 
range (min/max) of 
data across multiple 
categories.

Dot plot

Wong (2013) & Financial Times Visual Vocabulary

https://github.com/Financial-Times/chart-doctor/tree/main/visual-vocabulary
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[- TAKEAWAYS -]
- Be careful of "visual Lies"

How [Not] To Lie with Graphics
A practitioner guide

Christophe Bontemps
Statistical Institute for Asia and the Pacific
Christophe.Bontemps@un.org

Data visualization is one of the key elements to inform a wide range of statistics consumers, from

medias to politicians and obviously, the general public. In this field of communication, NSOs who

are in competition with other public and private communication channels, must differentiate them-

selves by the quality, accuracy and efficiency of the information they release, in particular though

statistically-based graphics and graphical interfaces. But as for any statistics, data visualization

should be designed to help the understanding of complex phenomena and facilitate fair comparisons.

They must act as visual statistical tests and reveal unambiguous patterns and data-based “truths”.

This paper propose to highlighting commonly encountered “visual lies” - defined as situations where

what is represented or perceived is not what is not present in the data set - that can alter the perception

of the underlying statistical values. Our approach is based on 10 rules that can be used to drastically

change the understanding of the information represented from any given data set. We preach here

counterexamples to reveal the best practices, in an attempt to highlight the difficulties of designing

trustworthy data visualizations.

Data visualization as visual test
Following the work of Buja et al. (2009), we consider data visualiza-
tion as a visual statistical test aimed at detecting structural information
in a given data set. More precisely, the null hypothesis tested by look-
ing ant a graphic is:

H0 : {There is ”nothing” } = {No relation}
vs
H1 : { There is ”something” } = {There is some relation}
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Visual detection of patterns and groups (no rejection, rejection, rejection, rejection)

When the data visualization is well designed to unambiguously reveal
the intrinsic properties of the data, this visual test would help the prac-
titioner to choose a specific hypothesis and statistical test.

Bad graphic design may bias the visual test!

1 Rule #1: Modify Axes
One of the most common problem is the truncation of the vertical axe
in bar charts, inducing an exaggerating effect.

Figure 1: Truncation exaggerating effect (left), small absolute variation(right)

Interestingly Correll et al. (2019) experimentally showed that this ex-
aggerating effect is also found in line charts (Figure 1b). This poses
the question of when it is appropriate to start line chart at the origin, in
particular when the origin is out of the range of the data set (ex: Earth
temperature in Fahrenheit).

Figure 1b: Truncation serves to exaggerate effect sizes in both line and bar charts.

Rule #2: Modify the Framing Design

Framing a graphic in a wide or tall format can also affect the perception
of a phenomena, typically for time series.

Figure 2: The perception of a time series increases is affected by the framing

But the framing, and space left around data points can subtly affect our
perception of correlation Cleveland et al. (1982).

Figure 2b: The correlation between Xs and Ys is the same in the two data sets.

Rule #3: Use Double Axes

Plotting two times series with different units on two axis (left and right)
is a tempting practice that results in a spurious visual correlation. This
has been well illustrated in Muth (2018) (see also Vigen (2015)).

Figure 3: Playing with left and right axes (source: Muth (2018))

Rule #4: Select Your Scope

Cherry-picking the data through an (in)appropriate choice of the range
in any time series, is alsovery misleading. This is particularly true for
time serie and scatter plots but can also change the representation of
maps when only a part of the world is selected as illustrated in Baho-
ken and Lambert (2020).

Figure 4: A growing exchange rate (left) ”picked” within a declining period (right)

Rule #5: Use Several Pie Charts
Pie charts are among the most popular and most used graphics although
they are not suited for fair comparisons (Cleveland and McGill (1984))

Figure 5: Comparing pie charts can be a difficult visual test and should be avoided

Rule #6: Use Areas
Our perception of areas is very bad but area-based comparisons still
flourishing in publication, in particular in statistical maps where buble
maps are one of the most popular encoding (see rule #10)

Figure 6: A simple exercise show that people think 2 pizzas are bigger than one

Rule #7: Use unaligned bars
Stacked bars are a good example of unaligned visual variables that are
difficult to compare. In the example below, it is difficult to test whether
the red category is steadily increasing or not.

vs

Figure 7: In simple situations, ordering the categories may solve the problem

Rule #8: Cross The Lines
This is probably the most challenging as plotting several crossing lines
is likely to produce a graphic where not clear pattern emerges as illus-
trated by Schwabish (2014) Alternative design using small multiples
graphics, where only one line is highlighted while others are greyed
for global reference, helps displaying clear information.

vs

Figure 8: In simple situations, ordering the categories may solve the problem

Rule #9: Use Radar Plots
Comparing individuals in many dimension is challenging, even when
the sample in small. Using a data set of 4 individuals Bontemps (2017)
illustrated that the area representing the overall performance is highly
dependant of the ordering of the axes. This undesirable feature is a
major undocumented drawback of radar plots.

vs

Figure 9: The order of the axes changes the areas representing global performance

Rule #10: Use Maps
Maps are probably the most complex graphical objects and are prone
to many issues as documented by Monmonier (2018) and others. Sta-
tistical maps use all the visual encoding described here, and thus con-
centrate all the problems hindering fair visual tests.

Figure 10: 4 ways of representing statistical information on a map, and many issues!

Conclusion
Since the publication of Bertin (1977), a lot has been learned on the
design of statistical information and on the use of data visualization
as a visual language, with a clear semiology. Many publications have
highlighted good practices for quite a long time (see the ”old” Brin-
ton (1914)), but despite this abundant literature, very few articles have
illustrated the dangers of easy-to-produce and popular graphics. We
should not let these useful visual tests be biased by software default
settings, misconceived designs or uninformed statisticians.

Source: Bontemps (2023)
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About the course At a glance

Target audience

Registration

This course introduces data visualization as a
tool to produce high-quality graphics for
monitoring official statistics and the SDGs


Participants get  an opportunity to explore the
techniques of data visualization for data
exploration as well as for data presentation. 
They will evaluate and apply the rules of data
visualization on devoted cases studies and
tackle the problem of visualizing complex or
high dimension data sets. 
             View the concept note for details

Personnel working in the field of statistics, whose
main responsibilities include data collection,
exploration, analysis or dissemination of SDG
indicators and related statistics.

      Self Register and enter directly to the course
     or connect to the SIAP's e-learning website
     and create an account to access.   

6 pedagogical modules 
50+ pedagogical activities
+ reproducible exercises
+ quizzes and links.  

Certificate of completion
available for participants

Self-paced course
introducing interactive
lessons, reproducible
examples (R, Excel, Google
sheets), and case studies.
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Statistical Institute for Asia and the Pacific

Online course
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1-2 hours of work per
module.

Self-Paced course SIAP e-learning platform

https://siap-elearning.org/course/view.php?id=124
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