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CHART of IMPORT'S arnd EXPORTS of ENGLAND & arnd from «l NORTH AMERICA
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The first chart devotes too much of their ink to graphical
apparatus, with elaborate grid lines and detailed labels

In the second much of the non-data detail is eliminated

That leads to a cleaner design that focuses attention on the
time-series itself

This improvement in graphical design illustrates the fundamental
principle of good statistical graphics:

Above all else show the data.
The principle is the basis for a theory of data graphics.
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Data-Ink

A large share of ink on a graphic should present data-information,
the ink changing as the data change. Data-ink is the non-erasable
core of a graphic, the non-redundant ink arranged in response

to variation in the numbers represented.
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data-ink

Data-ink ratio =
total ink used to print the graphic

= proportion of a graphic’s ink devoted to the
non-redundant display of data-information

= 1.0 - proportion of a graphic that can be erased
without loss of data-information.
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The larger the share of a graphic’s ink devoted to data, the better
(other relevant matters being equal):

Maximize the data-ink ratio, within reason.

Every bit of ink on a graphic requires a reason. And nearly always
that reason should be that the ink presents new information.
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The other side of increasing the proportion of data-ink is an
erasing principle:

Erase non-data-ink, within reason.
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Relationship of Actual Rates of Registration to Predicted Rates
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Figure 19.1 Relationship of Actual Rates of Registration to Predicted Rates

Relationship of Actual Rates of Registration to Predicted Rates b
(104 cities 1960). (104 cities, 1960)
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Unambiguously locates the altitude in six separate ways
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1. Height of the left line

2. Height of shading

3. Height of right line

4. Position of top horizontal line

5. Position (not content) of number at bar’s top
6. The number itself

Any five of the six can be erased and the sixth will still indicate
the height
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Sometimes you dont need
symmetry
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And you can save space by
removing redundant halves
|
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Redundant Data-Ink

Can also serve a purpose in some cases

If there is a time dimension involved, to show a full circle for
example

And, similarly, in map plots to go “once around the world”

Redundancy, upon occasion, has its uses: giving a context and
order to complexity, facilitating comparisons over various parts of
the data, perhaps creating an aesthetic balance.
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Most data representations, however, are of a single, uncomplicated
number, and little graphical repetition is needed. Unless redundancy
has a distinctly worthy purpose, the second erasing principle applies:

Erase redundant data-ink, within reason.
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Redesigning
Some example ways of increasing the ink-data ratio:
Doing away with too much grid lines (or making them thinner)
Not plotting axes beyond the data range
Not plotting unnecessarily many axis ticks
Do you need axes at all?

Canyou integrate a legend onto the plot, should you need
one?

Can you have multifunctioning graphical elements in your
plot?
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The result, a range-frame, explicitly shows the maximum and min-
imum of both variables plotted (along with the range), information

available only by extrapolation and visual estimation in the con-
ventional design.

The data-ink ratio has increased: some non-data-
ink has been erased, and the remainder of the frame, now carrying
information, has gone over to the side of data-ink.
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The dot-dash-plot combines the two fundamental graphical
designs used in statistical analysis, the marginal frequency distri-
bution and the bivariate distribution. Dot-dash-plots make routine
what good data analysts do already— plotting marginal and joint
distributions together.
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The triple-functioning

data measure shows: (1) the number of divisions in France for
each month, June 1917 to October 1918; (2) what particular divi-
sions were in France in each month; and (3) the duration of each
division’s presence in France.
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Above all else show the data.
Maximize the data-ink ratio.
Erase non-data-ink.
Erase redundant data-ink.

Revise and edit.
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Data Density in Graphical Practice

The numbers that go into a graphic can be organized into a data
matrix of observations by variables. Taking into account the size

of the graphic in relation to the amount of data displayed yields
the data density:

number of entries in data matrix

data density of a graphic =

area of data graphic



Data Density

Simple charts often have a (very) low data density

Consider for example a bar chart with only two classes with
only one value each (4 entries in total) that takes up
considerable space when visualized

Maps, on the other hand, usually have a very high data density

Or other area plots, for example direct visualizations of
matrices
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This map (27 square inches, 175 square centimeters) shows the
location and boundaries of 30,000 communes of France. It woul
require at least 240,000 numbers to recreate the data of the map

30,000 latitudes, 30,000 longitudes, and perhaps six numbers
describing the shape of each commune). Thus that data density
is nearly 9,000 numbers per square inch, or 1,400 numbers per
square centimeter.



Maximize data density and the size of the data
matrix, within reason.
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Small Multiples (aka facet, panel,
attice, grid or trellis charts)

Small multiples resemble the frames of a movie: a series of graphics,
showing the same combination of variables, indexed by changes
in another variable.
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These six distributions show the age composition of herring catches
each year from 1908 to 1913. A tremendous number of herring
were spawned in 1904, and that class began to dominate the 1908
catch as four-year-olds, then the 1909 catch as five-year-olds, and

SO On.
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The effects of sampling errors are shown in these 12 distributions,
each based on a sample of 50 random normal deviates:
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At the heart of quantitative reasoning is a single question: Compared
to what? Small multiple designs, multivariate and data bountiful, answer
directly by visually enforcing comparisons of changes, of the differences
among objects, of the scope of alternatives. For a wide range of problems
in data presentation, small multiples are the best design solution.



Well-designed small multiples are

e |nevitably comparative

e Deftly multivariate

e Shrunken, high-density graphics

e Usually based on a large data matrix
e Drawn almost entirely with data-ink
e Efficientininterpretation

e Often narrative in content, showing shifts in the
relationship between variables as the index variable
changes (thereby revealing interaction or multiplicative
effects)
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Small multiples reflect much of the theory of data graphics:

For non-data-ink, less is more.

For data-ink, less is a bore.
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