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Boxplots

A boxplot, or box-and-whisker plot, is a convenient way of summarising
data, particularly when the data is made up of several groups.
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The box extends from one quartile to the other, and the central line in
the box is the median.

The whiskers are drawn from the box to the most extreme observations
that are no more than 1.5xIQR from the box. (Alternatively rxIQR can
be used for other values of r.)

Observations which are more extreme than this are shown separately.



Gross national income per capita for 50 “sovereign states in Europe.”
http://en.wikipedia.org/wiki/List_of_sovereign_states_in_Europe_by_GNI_
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Parallel boxplots are often useful to show the differences between
subgroups of the data. Below: InsectSprays data from R.
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Comparative boxplots of transformed GCSE scores by A-level chemistry
exam score (0 = worst, 2,4, 6,8,10 = best) and gender.
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Comparing N(0,1) and t distributions
A t-distribution with r degrees of freedom has pdf

1

W, —00 < X < 0.

f(x)

[More on t-distributions later.] Consider r = 5.
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Suppose we simulate data (x, ..., xs50) from a ts distribution.
Using Q-Q plots we can consider the questions:
> is it reasonable to assume (xi, ..., x250) is from a N(0,1)?

> is it reasonable to assume (xi, ..., Xxa50) is from a t57?



Q-Q Plot of data against a N(0,1)
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Theoretical Quantiles for a N(0,1)

A N(0,1) assumption is not good — as expected.



Q-Q Plot of data against a t5
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Theoretical Quantiles for a ts

A t5 assumption is ok — as expected.
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Normal Q-Q plots

Michelson—-Morley (1879) Speed of Light Data
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Experiment No.

20 observations from each experiment. Is a N(y, o) distribution
plausible for these 100 observations?



Normal Q-Q Plot for Michelson—-Morley data
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Theoretical Quantiles

From the plot a normal distribution seems reasonable.



Below: precip data from R — average precipitation for 70 US cities.

Normal Q-Q Plot

Rainfall (inches per year) for 70 US cities

Theoretical Quantiles

A normal assumption doesn’t look good — problems in the lower tail.



Below: Newcomb's (1882) speed of light data — measurements are the
time (in deviations from 24800 nanoseconds) to travel about 7400m.
The currently accepted time (on this scale) is 33.

Histogram of Newcomb's data
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This time the problems are different — two (very small) outlying
observations. If these are removed, a normal assumption looks ok.

Sample Quantiles

Q-Q Plot of Newcomb's data

Theoretical Quantiles

Sample Quantiles

Q-Q Plot after deleting two points

Theoretical Quantiles
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Example: Danish fire data (Davison, 2003)

Data on the times, and amounts, of major insurance claims due to fire in
Denmark 1980-90.
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Following Davison, let’s consider the 254 largest claim amounts, and the
interarrival times between these claims.



Is it reasonable to assume exponential interarrival times? See below —
inter-arrivals look fairly close to exponential.

Exponential Q—-Q Plot of interarrival times
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Is it reasonable to assume exponential claim amounts? See below — an
exponential assumption is not reasonable.

Exponential Q—-Q Plot of claim amounts
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Is it reasonable to assume Pareto claim amounts? See below — the Pareto
fits fairly well.

Pareto Q-Q Plot of claim amounts
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