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@ Lecturer in the School of Maths, Stats & Physics at
Newcastle University

Applied statistician

Teach 1st/2nd/4th year students

@ Research: Statistical models for extreme weather events:
modelling road traffic collisions

Other stuff: Admissions, recruitment, consultancy, Schools...

Dr. Lee Fawcett Dicing with Death: Do Speed Cameras Save Lives?



with Death: Do Speed Cameras Save L

@ Who likes Maths at School?

Dr. Lee Fawcett Dicing with Death: Do Speed Cameras Save Lives?



Dicing with Death: Do Speed Cameras Save Lives?

uick survey

@ Who likes Maths at School?

® Who thinks they are good at Maths?
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@ Who likes Maths at School?

® Who thinks they are good at Maths?
@ Who thinks Maths is pointless?
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@ Who likes Maths at School?

® Who thinks they are good at Maths?
@ Who thinks Maths is pointless?

— Algebra
— Pythagoras
— Data handling
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One area that is different is the field of extreme value theory.
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One area that is different is the field of extreme value theory.

Why might we be interested in extremes, rather than averages?
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So many areas of Statistics are interested in what happens on
average: Mean, median, mode...

Q
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One area that is different is the field of extreme value theory.

Why might we be interested in extremes, rather than averages?
— Road safety: accidents
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Background

So many areas of Statistics are interested in what happens on
average: Mean, median, mode...

Q

AN }

One area that is different is the field of extreme value theory.

Why might we be interested in extremes, rather than averages?
— Road safety: accidents
— Enviromental applications: flooding, hurricanes...
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Speed cameras: Friend or foe?
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Speed cameras: Friend or foe?

Some headlines
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Speed cameras

Speed cameras: Friend or foe?

Some headlines

@ “Speed cameras reduce road deaths by 70%"
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L Speed cameras

Speed cameras: Friend or foe?

Some headlines
@ “Speed cameras reduce road deaths by 70%"

o “Fatal casualties have fallen from 23 to 7 per annum due to
speed cameras”
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Some headlines
@ “Speed cameras reduce road deaths by 70%"

o “Fatal casualties have fallen from 23 to 7 per annum due to
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annum”
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Speed cameras: Friend or foe?

Some headlines
@ “Speed cameras reduce road deaths by 70%"

o “Fatal casualties have fallen from 23 to 7 per annum due to
speed cameras”

@ “Speed cameras reduce serious casualties from 271 to 201 per
annum”

@ “Safety measures save lives”
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L Speed cameras

Speed cameras: Friend or foe?

Some headlines
@ “Speed cameras reduce road deaths by 70%"

o “Fatal casualties have fallen from 23 to 7 per annum due to
speed cameras”

@ “Speed cameras reduce serious casualties from 271 to 201 per
annum”

@ “Safety measures save lives”

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
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Speed cameras

Hands-on activity

Hands—on |: Part A (everyone)

Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

Dr. Lee Fawcett Dicing with Death: Do Speed Cameras Save Lives?



Dicing with Death: Do Speed Cameras Save Lives?

Speed cameras
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Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

The experiment
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Speed cameras

Hands-on activity

Hands—on |: Part A (everyone)

Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

The experiment

o Take your die
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Speed cameras
Hands—on |: Part A (everyone)

Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

The experiment

o Take your die
@ Roll it twenty times and count the number of times you get a

six!
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LSpeed cameras
Hands-on activity

Hands—on |: Part A (everyone)

Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

The experiment
o Take your die
@ Roll it twenty times and count the number of times you get a
six!
@ To help, as you carry out this task, complete the tally chart
you have been given
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L Speed cameras

Hands-on activity

Hands—on |: Part A (everyone)

Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

The experiment

Take your die

Roll it twenty times and count the number of times you get a
six!

To help, as you carry out this task, complete the tally chart
you have been given

In a few minutes | will go round the room asking you to tell
me your name and the number of sixes you have rolled
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Speed cameras

Hands-on activity

Hands—on |: Part B (“high—scorers”)

The two students with the most sixes should now roll their dice
another 20 times
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Speed cameras

Hands-on activity

Hands—on |: Part B (“high—scorers”)

The two students with the most sixes should now roll their dice
another 20 times

@ Again, count how many sixes you observe
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Speed cameras

Hands-on activity

Hands—on |: Part B (“high—scorers”)

The two students with the most sixes should now roll their dice
another 20 times

@ Again, count how many sixes you observe

@ In a few minutes I'll ask you to give me your results
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peed cameras

Hands-on activity

Hands—on |: Part C (everyone)

@ Complete the "before” and “after” table for the high—scorers
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Speed cameras

Hands-on activity

Hands—on |: Part C (everyone)

@ Complete the "before” and “after” table for the high—scorers

@ Calculate the total percentage change, i.e.
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L Speed cameras

Hands-on activity

Hands—on |: Part C (everyone)

@ Complete the "before” and “after” table for the high—scorers

@ Calculate the total percentage change, i.e.

Total after — Total bef
Ychange — otal after otal before < 100%
Total before
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L Speed cameras

Hands-on activity

Hands—on |: Part C (everyone)

@ Complete the "before” and “after” table for the high—scorers

@ Calculate the total percentage change, i.e.

Total after — Total bef
Ychange — otal after otal before < 100%
Total before

@ Do you believe the hypothesis?
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Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

When the “high—scorers” turned over their piece of paper:

o

Let's suppose that
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Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

When the “high—scorers” turned over their piece of paper:

o

@ you = candidate speed camera site

Let's suppose that
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Speed cameras
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Hands—on |: Part D (discussion)

When the “high—scorers” turned over their piece of paper:

o

@ you = candidate speed camera site

Let's suppose that

@ number of sixes = number of casualties
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When the “high—scorers” turned over their piece of paper:

o

@ you = candidate speed camera site

Let's suppose that

@ number of sixes = number of casualties
@ high—scorers = chosen speed camera sites
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Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

When the “high—scorers” turned over their piece of paper:

o

@ you = candidate speed camera site

Let's suppose that

@ number of sixes = number of casualties
@ high—scorers = chosen speed camera sites
@ Piece of paper = speed camera
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Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

When the “high—scorers” turned over their piece of paper:

o

@ you = candidate speed camera site

Let's suppose that

@ number of sixes = number of casualties
@ high—scorers = chosen speed camera sites
@ Piece of paper = speed camera
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

When the “high—scorers” turned over their piece of paper:

o

@ you = candidate speed camera site

Let's suppose that

@ number of sixes = number of casualties
@ high—scorers = chosen speed camera sites
@ Piece of paper = speed camera

If you don't believe the piece of paper caused the change in the
number of sixes, why should we believe that speed cameras change
the number of casualties?
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Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Dr. Lee Fawcett Dicing with Death: Do Speed Cameras Save Lives?



Dicing with Death: Do Speed Cameras Save Lives?

L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
This is typical:
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
This is typical:

@ Accident “hotspots” are chosen as speed camera sites
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
This is typical:

@ Accident “hotspots” are chosen as speed camera sites

@ “hotspots” have an abnormally high number of casualties
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LSpeed cameras
Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
This is typical:

@ Accident “hotspots” are chosen as speed camera sites
@ “hotspots” have an abnormally high number of casualties

@ In any “after” period, the number of casualties would
probably come down anyway, even without a speed camera
being installed!
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LSpeed cameras
Hands—on |: Part D (discussion)

Remember the previously quoted figures:

Before After | % change
Elwick Road 35 13 -63%
Nevinson Avenue 9 4 -56%
This is typical:

@ Accident “hotspots” are chosen as speed camera sites
@ “hotspots” have an abnormally high number of casualties

@ In any “after” period, the number of casualties would
probably come down anyway, even without a speed camera
being installed!

@ This is known as Regression To (the) Mean, or RTM
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peed cameras

Hands-on activity

Hands—on |: Part D (discussion)

So how much of the quoted reduction is due to the speed cameras?
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

So how much of the quoted reduction is due to the speed cameras?

We can work this out statistically using the Poisson distribution.
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

So how much of the quoted reduction is due to the speed cameras?

We can work this out statistically using the Poisson distribution.

% change
Before RTM After | ‘The lie'? ‘The truth'?
Elwick Road 35 23 13 -63% -43%
Nevinson Avenue 9 6 4 -56% -33%

Dr. Lee Fawcett
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L Speed cameras

Hands-on activity

Hands—on |: Part D (discussion)

So how much of the quoted reduction is due to the speed cameras?

We can work this out statistically using the Poisson distribution.

% change
Before RTM After | ‘The lie'? ‘The truth'?
Elwick Road 35 23 13 -63% -43%
Nevinson Avenue 9 6 4 -56% -33%

What else could cause the number of casualties to come down
anyway, even without a speed camera?

Dr. Lee Fawcett
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LSpeed cameras
RTM

Regression To the Mean

RTM was first written about by Sir Francis Galton in his 1886
paper Regression Towards Mediocrity in Hereditary Stature
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LSpeed cameras
RTM

Regression To the Mean

RTM was first written about by Sir Francis Galton in his 1886
paper Regression Towards Mediocrity in Hereditary Stature

@ Tall parents have tall children...
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LSpeed cameras
RTM

Regression To the Mean

RTM was first written about by Sir Francis Galton in his 1886
paper Regression Towards Mediocrity in Hereditary Stature

@ Tall parents have tall children...

@ ... but the children don't usually grow as tall as their parents!
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peed cameras

Another example

@ Give a class of students a multiple choice exam in a subject
they have no knowledge about
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peed cameras

Another example

@ Give a class of students a multiple choice exam in a subject
they have no knowledge about

@ The average score should be about 50%
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LSpeed cameras
RTM

Regression To the Mean

Another example

@ Give a class of students a multiple choice exam in a subject
they have no knowledge about

@ The average score should be about 50%

@ Take the top 5 students (whose mean score might be, say,
80%) and give them another multiple choice exam
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L Speed cameras

RTM

Regression To the Mean

Another example

@ Give a class of students a multiple choice exam in a subject
they have no knowledge about

@ The average score should be about 50%

@ Take the top 5 students (whose mean score might be, say,
80%) and give them another multiple choice exam

@ They'll probably do worse the second time around, and their
mean score will “regress” toward 50%
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L Modelling chance

Some accident data

The following data are the number of accidents, at a suspected
road safety hotspot, each month over the last 5 years:

2 4 0 5 3 1 1 4 4 1 7 6
1 3 3 1 3 5 4 5 0 1 47
4 2 3 1 4 2 5 2 3 2 2 38
2 3 3 4 2 6 2 2 6 6 4 0
4 1 2 5 4 4 4 5 4 4 2 9

© The local council will install a speed camera if there is
evidence that the number accidents will exceed 5 next month.
What should they do?

© What is the probability of 10 accidents occurring next month?
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L Modelling chance

Some accident data

Complete the following table:

P(X = x) | Poisson probability

© 00 NO O~ WNKHE OX
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L Modelling chance

Some accident data

Data in ascending order:

o~ wWw N O
oS~ W N O
B~ W N O
gl WN =
AP wWwN =
AP WN =
S WN -
(o) I SN N O
U~ SN O
N N S
o OB~ N
© o1~ wWwN
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L Modelling chance

Some accident data

Data in ascending order:

o o0 o1 1 1 1 1 1 1 1 2
2 2 2 2 2 2 2 2 2 2 2 3
3 3 3 3 3 3 3 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 5 5
5 5 5 5 6 6 6 6 7 7 8 9
Therefore
P(X=0) = 3 _ 0.050
- 60
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L Modelling chance

Some accident data

Data in ascending order:

o o0 o1 1 1 1 1 1 1 1 2
2 2 2 2 2 2 2 2 2 2 2 3
3 3 3 3 3 3 3 4 4 4 4 4
4 4 4 4 4 4 4 4 4 4 5 5
5 5 5 5 6 6 6 6 7 7 8 9
Therefore
P(X=0) = i—0050
- 60
PX=1) = i—0133
- 60
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L Modelling chance

Some accident data

Complete the following table:

x | P(X = x) | Poisson probability
0 0.050
1 0.133
2

3

4

5

6

7

8

9

10
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L Modelling chance

Some accident data

Complete the following table:

P(X = x) | Poisson probability
0.050
0.133
0.200
0.133
0.250
0.100
0.067
0.033
0.017
0.017
0.000

© 00 NO O~ WNKHE OX
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The Poisson distribution

@ Named after the French mathematician Siméon Denis
Poisson
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The Poisson distribution

@ Named after the French mathematician Siméon Denis
Poisson

@ |s commonly used as a model for discrete random variables
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The Poisson distribution

@ Named after the French mathematician Siméon Denis
Poisson
@ |s commonly used as a model for discrete random variables

@ Formula:

e \X
x|

where A is the mean rate of occurrence

P(X =x)=

)
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L Modelling chance

The Poisson distribution

@ Named after the French mathematician Siméon Denis
Poisson
@ |s commonly used as a model for discrete random variables

@ Formula:

e \X
x|

where A is the mean rate of occurrence

P(X =x)=

)

In our example, we can work out

~0+0+0+1+1+...+8+9

A
60

= 3.35 accidents.
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L Modelling chance

The Poisson distribution

@ Named after the French mathematician Siméon Denis
Poisson
@ |s commonly used as a model for discrete random variables

@ Formula:

e \X
x|

where A is the mean rate of occurrence

P(X =x)=

)

In our example, we can work out

~0+0+0+1+1+...+8+9

A
60

= 3.35 accidents.

Therefore

~3.35 3352
P(X =2) = % = 0.197
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odelling chance

The Poisson distribution

Similarly,

~3.35 6
P(X=6) = % — 0.069
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L Modelling chance

The Poisson distribution

Similarly,
~3.35 6
P(X=6) = % — 0.069
—3.35 | 3357
P(X=7) = e# = 0.033
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L Modelling chance

The Poisson distribution

We can now update the table:

P(X = x) | Poisson probability
0.050
0.133
0.200 0.197
0.133
0.250
0.100
0.067 0.069
0.033 0.033
0.017
0.017
0.000

© 00 NO O~ WNKHE OX
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L Modelling chance

The Poisson distribution

We can now update the table:

x | P(X = x) | Poisson probability
0 0.050 0.035
1 0.133 0.118
2 0.200 0.197
3 0.133 0.220
4 0.250 0.184
5 0.100 0.123
6 0.067 0.069
7 0.033 0.033
8 0.017 0.014
9 0.017 0.005
10 0.000 0.002
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L Modelling chance

The Poisson distribution

Going back to the original questions:

© The local council will install a speed camera if there is
evidence that the number accidents will exceed 5 next month.
What should they do?

© What is the probability of 10 accidents occurring next month?
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