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Representations of risk and
uncertainty

David Spiegelhalter

winton professor of the public understanding of risk,
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Derren Brown leaves more questions than
answers as he explains lottery trick

Derren Brown, the illusionist, left viewers with more questions than answers after the
programme inwhich he promised to disclose how he predicted the winning Mational
Lottery numbers.
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Indeed, this method was rubbished by mathematicians.
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David =piegelhalter, professor of public understanding of risk at Cambridge
University, said: "There 15 a difference between guessing between the weight of
an ox and guessing lottery balls, which is unguessable,

“this 1= just a clear wind-up and complete nonsense.”



Find out which numbers have been drawn the mast frequently, and which have been drawn the
least, Despite the draws being totally randorm, some numbers have a habit of cropping up more than
athers, while others hardly appear at all! Please note, these results include the Lotto Bonus Draws
held on 18th May 2002, 1st June 2002, 6th Movember 2004, and the £5 million jackpot-only draw

held on 29th April 2006,
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Canadian National Lottery Results

49

-
(=]

(]
=1

ho
=1

-
=

Ball frequencies sorted by ball number

<= 5 Sort | Hide histogram Start dropping Hide theoretical distribution
Lottery animation: www.understandinguncertainty.org/node/39



Counts
obey the
rules of
probability
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What is the Winton programme
trying to do?

Improve the public handling of quantitative
aspects of risk and uncertainty, through

e Educational lectures, workshops
e The ‘Risk Roadshow’

e \Website

e Engagement with media

e Working with people who want to
communicate risk

e Inter-disciplinary research
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European Football - How much is chance?

Posted August 6th, 2002 by gmp26 in level 1, sport football

Is foothall just a matter of luck? Just because a tearn ends up top of the
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‘Personalist’ approach to risk
and uncertainty

‘Probability does not exist’ (objectively)
Constructed based on current
knowledge
Is always contingent
Assessed, not measured
Best thought of as betting odds
Allowed to use probability for epistemic
uncertainty
Calibrate by thinking of ‘chance’ situation
that would be equally preferable to bet on
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Want to bet? (January 2008)

WCoount Llsernarmme ; Fassward : Lost Your Lo

Bet Finder : | US Presidential Election 2008 + Fractional Odlds

Politics : U S Presidential Election 2008

Bet Until : 17:00 01/11/2008

Who will win the 2008 US Presidential Election?

Mukltibet Competitor Price LInit Stake
Fi Hilary Clinton 11
i Barack Obama 511
Fi Rudolph Giuliani A1
Fi Fred Thompson Bl
Fi Al Gore T
F Mitt Rormney 1401







Formats for communicating ‘known’ risks

Text? Numbers? Graphics? Animations?
We may be concerned with what people —

e like
e understand / can reproduce
e are influenced by

But

e These are not necessarily the same formats!
e Formats are influential (framing)

e People vary hugely in their preferences and
understanding
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You are here: Home > Health > Health News

I@ine in 10 people carry gene which increases
chance of high blood pressure

Mine out of 10 people carry a gene which significantly increases their chance of
developing high blood pressure, scientists hawe found.

By kate Devlin, Medical Correspondent T TextSize (+ - |

Last Updated: 7:57PM GMWT 15 Feb 2009 =] Email this anicle

(-

Real story:
1 in 10 people carry a low-risk gene



Benefits of Tamiflu

(National Prescribing Centre)
GO0EORLUECLLEELLICCO0IOLLEOLLOLLLIE0LRE
PRLGOLLRCLLLLLRLLCLULELLLYLLLLLLLLLCLLLS
T 0 T D D B D D M e i o
UOCLLLLLTLLULLLLLLULELLTLLLVLLLLLLLLLY These 984 people are not
SOLCODLLEELRLE0LUCLILCODLUCLOLUEELYCDLRE admitted to hospital, whether
COLLOLLELLLLLRLLLLLLLLLLVELLLLLLLWERLLE of nat thev take oseltamivi”
PROUOLLLCLLOLLRLYRLOLILLLICLLRLLLLUELLGY
UL I
GO0COUOOCLULULOLRCLULLLLLUCULLEOLLUCLERG

CUOUVUEUIRULDECLUEUIULVOUIDNELVUEIVELIRE e
CUEUECVELUELUIRUELUULUELULDECVULIULVEUVE These 8 people avoid being
CUBLVRELLRLLUELLRELURELLLULELVUELVEUVEG admitted to hospital because
s R R T e A e they take oseltamivi’”
CURUPOEULREUUELVREUVBLLILLRELVEELUELES
GOUUOOLLLLLUULLLOEUILLVLRLOUOLLRERLELLEE

e e e e e e e R e Taa

P S s
CUPULURUULUILUUELVILRIUILIIEVEL o
CLULVLLUVLULUELLLELVELLLUELRELVEELVER 00 S —————————
CUULDUEUULLVUUULUEUUULULUUOLULIUEY JI0Ue P
GUOURULUIILOUILUEUIUOVEUROUERVR WEEVUe to hospital even though they

VOULLULUUIUCUULUE UL LULULULLT AIUUETNY take osellamiv”
ettt ettt et tat e ettt 1 14114




e Recently |

O
7 =
=
) -
2 <3
O > 8
= £




Online Clinical Calculator

Coronary Heart Disease Risk Calculator

Risk Factor Your Answer Points Relative Risk

Sex: * Male © Female

Age: |54 YEAars |3

Smoker: ¢ Yes & Mo |o |Law
Diabetes: © Yes & Mo |o |Law
Blood Pressure: [148  /[34  mmHg [z [High
| Total Cholesteral =] 224 mogid| [1 [Moderate
HDL Cholesterol: [f4  mgid| 0 [Cow
Calculate, with Incomplete Yalues | (Calculate!

Total Points: |6

=10 % risk of heart disease in 10 years

Average 10-year risk = |1 4 %o (for others in vour age group)

Low 10-year risk = I %o (for others in vour age group)

Information for this Coronary Heart Disease Risk Calculator comes from the Framingham Heart Study. The results are applicable only for the ages of 30t

Flease refer to;

Wilson, PWW, et al. Prediction of Coronary Heart Disease Using Risk Factor Categories. Circulation 1998 97 (18); 1837-1847.

My doctor quoted me a 10% risk of heart
attack or stroke in 10 years

— should | take statins?
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Express as a probability distribution, such as
Bank of England fan charts for GDP

Percentage increases in output on a year earlier
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Bank of England ‘fan charts’

Percentage increase in prices on a year earlier
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Can compare with what happened

Bank of England modelled estimates of UK GDP
November 2007

Percentage increases in output on a year earlier
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Relative probability

Do these provide reasonable betting odds?

¥

CLMATE
PROJECTIONS

Diata Source: Probabilistic Land
Future Climate Changs: Trus
Wariables: temp_dmax_tmean_abs

Emissions Scanano; High

Temporal Averags: JJA

Spatial Average: Grd Box 25Km
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Figure 4.26: A PDF of the change

in summer-mean daily maximum
temperature, for a 25 km square in the
East of England, by the 2080s under the
High emissions scenario.



Flipping coins




Two types of uncertainty

Aleatory
— chance, unpredictable

Epistemic
— lack of knowledge,
Ignorance



Hepatitis C prevalence in UK
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Problems with confidence limits

e Suggestion that all points Iin interval
are equally likely

e Media can report “up to X people
might have Hepatitis C”
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Stuff with bags



When building risk models, we
can acknowledge uncertainty at
different levels:

1. Specific future events

2. Quantities/parameters in a
model

3. Assumptions underlying the
‘best’ model (both internal and
external)

4. Inadequacies of our ‘best’ model



But what about unacknowledged uncertainties?



Object of

uncertainty

Specification Events Parameters Models Discrepancy
Denial We are ‘we know how
certain what the world
will happen works’
Probability Epistemic
distribution distribution
List (quantified List of
outcomes) scenarios
Informal We know our
acknowledge- models are
ment inadequate

No discussion
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Relative probability

Do these provide reasonable betting odds?

¥

CLMATE
PROJECTIONS

Diata Source: Probabilistic Land
Future Climate Changs: Trus
Wariables: temp_dmax_tmean_abs

Emissions Scanano; High

Temporal Averags: JJA

Spatial Average: Grd Box 25Km
Locafion: Grd Box Mo, 1515
Probabdity Data Typs: pdt

Tima Panod: 2070-2099 FantSiza: small
_I-f_II 1 1 1 1 1 1 1 !
2
Q
=]
8_ -
=]
— High

g 1
=]
& -

I I I I I I I I

0 2 4 6 10 12 14 16

Change in mean daily maximum temperature (deg C)

Figure 4.26: A PDF of the change

in summer-mean daily maximum
temperature, for a 25 km square in the
East of England, by the 2080s under the
High emissions scenario.



Figure £2.7: Contributions to the
uncertainty im winter precipitation
changes for 2070-20099 relatie to
1961-1990, at selected 25 km grid squares.
Contributions are caloulated as in Figures
£2.5 and A2.6, and also include that due
to downscaling from global dimate model
grid squares to regional climate model
grid squares (sae text for details).
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‘extra-model’ uncertainties

e So far examined 4 levels of (potentially) quantifiable
‘intra-model’ uncertainties

e What about ‘unquantifiable’ extra-model sources?

— ‘unknown unknowns’: possibilities that have not been thought
of

— unrecognised major scientific error
— unacknowledged cultural assumptions
— ambiguities in meaning

— unrecognised implicit value judgements as to what is
‘important’

— ‘Indeterminacy’ — human element beyond modelling (Wynne)
e Not a clear division with acknowledged inadequacies

e |s this the responsibility of the modeller or risk
manager?



Studying ignorance

Nescience (1615)
e Jack of knowledge; ignorance.
e agnosticism

Agnotology (modern)

Cultural production of ignorance


http://dictionary.reference.com/search?q=agnosticism&db=luna�

Memorable quote #325

“But there are also
unknown unknowns.
There are things we do
not know we don'’t
know”




Object of

uncertainty

Specification Events Parameters Models Discrepancy
Denial
Probability Inherent Parameters, Structural
distribution variability random effects component

List (quantified

List of emision

outcomes) scenarios
Informal No account of
acknowledge- solar radiation,
ment volcanoes etc

No discussion




“What are the risks?”

e Need a friendly unit of deadly risk

e A Micromort is a 1-in-a-million chance
of dying

e Each day 50 people die of non-natural
causes In England and Wales (about 50
million)

e SO0 we (on average, In good health)
experience a micromort every day



Risl Calculator

Transport

How far can you travel per micromort?

by Motor Bike

0 20 40 60 80 100 120 140 160 180 200 220 240
Miles

Micromort animation:



Ways of spending a micromort

e Hang-gliding?
~ 8 each trip

e Scuba?
~ 5 each dive

e Horse-riding?
~— 0.5 each ride

e Taking ecstasy?
~ 1 each tablet

e Being admitted into hospital?
—~ 2797?77



‘Conclusions’

e Statisticians/modellerS tend to have (or at
least are taught) a rather narrow view of
uncertainty

e Different communities approach the
hierarchy of uncertainty from opposite
ends

e Impact of different sources of uncertainty
needs to be clearly communicated

e Robust use of quantitative methods, with
due humility, Is of huge value

e Users need to use due caution
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