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Goals for today

¢ Understand the overall principles of
expert elicitation

¢ Look into some practicalities of expert
elicitation

inty «—— = Priority

Direct empirical evidence
{direct measurement)

Semi-empirical evidence

Empirical correlations
{measurement of other effects)

Theory-based inference
{modelling)

Experiential insight
{experience-based opinions)

Use (and abuse) of expert elicitation in
support of decision making for public policy
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U.S. Environmental Protection Agency, 2011.
e Expert Elicitation Task Force. White Paper.
Washington DC: US EPA.

(download as it is difficult to find it online)
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Use (and abuse) of expert elicitation in
support of decision making for public policy
M. Granger Morgan'

Department of Enginesring and Public Policy, Gamegie Mellon Uniersity, Fittshurgh, B 15213

it oy Wil C Cliark, Hor v Universiy, Gamibeichin, MUA, ancd appronad Manch 18, 2004 (necaived for rviiw Ortober 23 200 3)

The el of scenthic in the form of chability @n bea vahisblea
1o ather forms of evidence in suppart of publkc policy dedsion making. This paper exploms i d
how that can best be done. A number of key kmues am discused, inchiding topics on which there are, and are not, experts who have
Aungust 2011 nowledge of anly quage; the
robe of cogritive hewrs s and of overcon fdence; the chaice of experts; the development, refinement, and feratve testing of ehciation
prtocos tommsider they make thei judgments; the teatment
form; -‘"nﬁm doesord, Fom
diffarant axpertc Altheugh it may be tempting to vew epet 2 low-cast, low-efiont aHemathe B conducting serious research
nd anakyas 1t £ nelther. Rather, Expert ectation nould bud on and e the best avatabie mastarch and anshys and be undert ke andy
when, given those, the state of knowéedge will remain insufficent ta support timely informed assessment and decsion making.

Prepared for the
Science and Technology Policy Council
T.5. Environmental Protection Agency
‘Washington, DC 20460

Sncety ofien calls an expers for advice that  astray, alinate expers, and wrongly discedit next 25y, or what the walue of gross worid

Morgan G.M., 2014.

Use (and abuse) of expert elicitation in
support of decision making for public policy.
PNAS 111(20):7176-7184.

requires fudgments 1t g beyond well-astb-
lished knandedze. In prwding such judgments,
it is commen practics 1o ue simation meds,
nginesving -economic assessment, and simdar
wcls Although such anayticd strategies can
provide valwble insight, they can never hape
0 indude all rdewant faciors. In such situations,
#he commnity of applied decision anabysi has
lang nsed quintintve expent judgments in the
farm of subjactive probability disribusians that
have heen dicited from relevant experts. Mast
such apglications have been undertiken in sup-
port of decisions heing made by priate partiss
{1-4). Sometimes the remiting distributions are
used directy. and sometimes ey are fined 1
formal fanctions and used in various Fayesian
dedsion modds {2, 5}

The ue of expent sficintion in pubiic seor
deision making has heen less comman. Several
studies have explored isues such as the health
impacs of fine particleair pallution {6-1) and
f lead pollution (1%, the Hely nature and ex.
tent of climate change (14-16), the various
impacts fhat may result from dimate change
{17, 1), herbicide tolerant ol seed crops (19).
and the Hkely ot and performance of various
enegy echnaloges (20-24) The Emviranmental
Protection Ageny (FFA) has hegan 0 make nse
af didton methods to addess uncertin ismes
in envimnmentadl sdence (25} and those who
wark in hoth #he Department of Energy and
the Food and Dmg Adminigration (FDA) have
expressad interest in possibly using $e method.

Tiane wel, expert efictition cun make a sk
ahle contribuation 10 informed decision making
Done poardy it @n lead to useless ar even
mideading resubts thatlead decision makers
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e entire approach. Inwhat fillnes, [ draw an
rdevan ltrutu and 35 y of persaral eperi-

product will be 150 yin fe fumre
The I don of Probabiity

nce in designing and
detailed expert elicittions, i suggest when
it does and doss not make semse to periorm
itionz, how they shouid be designad and
comducied, and how Thelfieve e resuits should
and shouid not be wsed In contrast 10 much of
#he lierature in Bayesian decision-making and
applied decision andysis, my s & an
devélaping detaied descriptions of e state
of understnding in some fidd of science or
echnolagy.

Frst, Are There Any Experts?
Tacanduct an expert diciition, there must he
experts whase knavdedge can supportinformed
judgment and predicon hom the isues of
imerest. There e many opics about which
people have extensive knondedge that provides
lithe or no hasis for makinginformed predictive
judgments. For exampie. fhe furfier one moves
away from questions whose answers inwive
matters of £t that are lugdy dependent an
empirial natwd or socid sdmee and well-

and sodial behaviar determine the autenmes of
interest, the mare ane shoud adk whether ex-
pertise, with pradictive capablity, sxists Far
exampie. given a specified time series of fature
radiative fordng and afher relvant physicdl
wariahles, in my view it i reasonable o ask
dimate scentish to make probabiistic judg-

A subjectivist or Bayesian interpretation of
probublity (5, 26-28) i used when ane makes
subjective probabiistic assesmments of the
present ar fiture value of unceriin quantities,
#he s of e warkd, or the nawre of the pro-
cemes that govern the wordd. Tn such simations,
‘probability is viswed a5 @ stzement of an indic
vidual's befief, infarmed by all fommal and in-
formal evidence #athe or che has avaiable
Although sibjective, such judgnents annat
e arbitrary. They must anform 1 e laws
of probability. Further, when large quantities
of evidence are available on identical repeated
avens, ane’s subjecthe probabilty o can.
verge 1 the clasical Fraquentist interprenion
of prbability.

Party as a resilt of their difrnt training
and profesdonal citures, diflemnt groups of
experts display different views about #ie ap-

judgments, and have different levels of willing
nes o make suh judgments. Although every
namal sdentist nd enginesr 1 have over inter-
vinwed ssemed 1 think maturally in terms of
subjective prababilities, others, such & some
experts in fie healfh sciences, have been fir
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When would you use an expert elicitation?

Antarctic ice sheet melting given Future oil price?
global warming of 1.5°C?

Overnight costs of small modular
nuclear reactors?

Figures: VideoFromSpace; Babock & Wilcox, 2010; processindustryforum.com



Types of evidence

Z Direct empirical evidence €.g. statistical data on
9 (direct measurement) the issue of interest
ol
Semi-empirical evidence e.g. statistical data
(direct measurement under other conditions) from another country
Empirical correlations e.g. statistical data on
(measurement of other effects) a related issue
Theory-based inference e.g. modelling
(modelling)
Experiential insight Expert elicitation
[ (experience-based opinions)

Adapted from: U.S. EPA (2011)



The aims of expert elicitation

¢ Collect quantitative evidence, using
judgements of knowledgeable experts in
iInterviews, surveys or workshops

$E§FEEEEEEE

Damage, million

¢ Inform timely assessment and decision making
under deep uncertainties and the lack of other
evidence

¢ Complement — rather than replace — other
types of evidence, e.g. basic science, data
collection, modelling

Theory-based inference

(modelling)

lnoerlalnty

Experiential insight
{experience-based opinions

)



Application examples of expert elicitation

¢ Natural or environmental phenomena

- Climate response to future radiative forcing (e etal 2010, Pnas)

* Antarctic ice sheet loss in the 215t century (oppereimeretai. 2016, Nature Gimte change)
¢ Characteristics of new/future technologies

* Future costs of solar PV (cutigteta. 2008, Enironmental science aTechnology)

« Costs, safety, and feasibility of small modular nuclear reactors (wauiaet a. 2013, pras)
¢ New or poorly understood risks

* Induced seismicity by Enhanced Geothermal Systems munewte s azevedo, 2018, Environmentai

Research Letters)

 Mortality impacts of ambient fine particulate matter roman eta. 2008 Environmentai science &

Technology)

¢ Policy assessment

 Impacts of R&D spending on energy technology development (aadonetal. 2016, cimatc

Change)

¢ Other cases (that “pass” the clairvoyant test)



Clairvoyant test (Hellseher)

¥ X

\ZV Tip: Pose questions that
@ s @ experts can reliably answer,
CS"S_S LL(/) e.d. where empirical natural

L and social science is in
§ i & principle possible

Figure: dreamstime.com



Goals for today

¢ Understand the overall principles of
expert elicitation

¢ Look into some practicalities of expert
elicitation

Direct empirical evidence
{direct measurement)

Semi-empirical evidence

Empirical correlations
{measurement of other effects)

Theory-based inference
{modelling)
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Experiential insight
{experience-based opinions)
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Use (and abuse) of expert elicitation in
support of decision making for public policy
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Quantitative estimates vs. qualitative words

Qualitative description of uncertainty used

20 respondents

range of range from upper range of
individual to lower median individual
upper bound estimate lower bound

estimates l / estimates

Almost certain  F—1lEENE_NGY
Probable =11
Likely

Good chance

. =—_
==—1
Possible e ———_—
Tossup | -

Unlikely L ——
Improbable - e—
Doubtful | e———

Almost impossible -
1 /IR RN SN SN N SR [
10 08 06 04 0.2 0.0

Probability that subjects associated
with the qualitative description

Source: Morgan (2014), Wallsten et al. 1984

Tip: Elicit
quantitative
probabilities and
other values, not
qualitative

10




Anchoring and adjustment bias

What is the percentage of African countries in the UN?

T mean answer

25%

mean answer
45%

Source: Tversky & Kahneman (1974)

1



Availability bias

If a random word is taken from an English text, is it
more likely that the word:

starts with letter K? K is the third letter?

chosen by 2/3 of participants chosen by 1/3 of participants

Source: Tversky & Kahneman (1973)
12



Overconfidence

Experimental values

300000 T ¢ /

Today’s best estimate

0 4 299800

] | /

. | I W

. + 299790 |

2 T ®

S + 200780 P 4

}- 299800 T ®

o4 1+ 299770

7)) -4

e ®

@ + 299760

§ it i Recommended values

g + 299750 with uncertainty

t 1 t t t f i t f i t t

299600 T 1860 1880 1900 1920 1940 1960

Year of experiment

Redrawn from: Henrion & Fischhoff (1986), Morgan (2014)
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Expert elicitation on induced seismicity by Enhanced
Geothermal Systems (EGS)

Source: Trutnevyte & Azevedo (2018)

14



Expert elicitation method

Structured 2-hour interviews with 14 international experts from 6 countries

100%
EGS plant’ s 100%
BO% I
The EGS plant has B.9 MW, gross capacity and 5.5 MW, net capacity. It is used for electricity |
generation anly and is the n'-of-a-kind plant (.. technology development costs are behind us). oK 90% |
UB Upper bound s0% {
During & days of hydraulic fracturing a reservoir of B3 million m® is created at a depth of 5 km, i.e. the {5 80%
depth of the reservoir's center. The cumulative injected volume during stimulation is 40 DOD m”. The Em* =
maximurm injection rate is 75 Ifs. The maxirmurm wellhead pressure is 30 MPa. i =
3o o 0%
i K
Atriplet of wells is installed for operation with 1 km distance between the wells. The temperatire at 10%, '\ 120% =)
5 km depth is 190°C The re-injected water temperature is 60°C. os%f ' 10w o 60%
, o fon g |
5 " ¥ s 12 700 mifda oo wells at 7 |
Durifg EGS operatior L[ﬁe injected water velume is 12 .'.D.. L __.da\- li.e. two wells at 73.51/s). erceedance mrababiity n 2 50% |
‘Wellhead pressure is 15 MPa. Water loss in the reservoir is 23, 3] |
3 |
The plant is equipped with a magnitude-based traffic light system: 100% E 40% |
* M < 2.3:green (regular operation and continued purmping); o5 6 |
= Mz 2.3 yellow (cantinued purmping, but without flow increase); 30%
* M5 2.0 erange (purmping at a slow rate, or stopping of pumping, er bleeding of the wells); ) |
* M > 2.9:red (stopping of pumping and blesding the wells off). M Most liely 0% 20% |
0% |
Reservair size ) million m" js0% 10%
140%
Reservair depth Skm 1
130%
P r————— — 1 gw IO e e T T T T PP T PP
190°C J 60°C 10% 1 0%
njected water temperature e H
Stimulatian parameters 40000 m®; 7S I/s; 20 MPa oSN \ el
Ciperation parameters 12 700 m’fday: 273.51/=; 15 MPa Excasdance prabability in Damage, million

100% . . . . .
To what extent do these factors influence your estimate of induced seismicity hazard?
0%
BO%
LB Lower bound in Not at all Very much
60%

5“* Cumulative injected volume, including setting of the
Dooooon

traffic light system

T
Loy e Depth of the reservoir |:| |:| |:| |:| |:| |:| |:|
e | e ok} 1

1 o Lo X -
\..u oo erceedance prababiity n Distance to critically pre-stressed extended faults |:| |:| |:| |:| |:| |:| |:|

L | _Itkl-dlmltm .
Figure: EGS reserveir stimulation (left] and EGS aperation [right). These figures are redrawn and adapted from
Th Swiss repart .

Tips: — Involve domain experts  — Pretest extensively

— Record, transcribe and delete if you choose anonymity | oo Tunewe & azevedo 2012
15




”Passing” the clairvoyant test

EGS plant

*

*

8.9 MW, gross
5 km depth, 80 million m3 reservoir

6-day stimulation: 40 thousand m?,
75 /s, 30 MPa

30-year operation: 2x 73.5 /s, 15
MPa, 190°C/60°C, 2% water loss

Magnitude-based traffic light system
(red at M>2.9)

Geological context

¢ Non-volcanic area, granite rock

¢ No known critically pre-stressed faults

¢ Tectonic M27 at 0.01% in 1 year, @50km

¢ Tectonic M=25 at 0.4% in 1 year, @30km

Tip: Define the case and
the questions well

75

A 25 50
prebabllity [%] in 50 years



”Passing” the clairvoyant test

Part IV. Background information on SMR number 1

We will consider two SMR technologies in this elicitation. Publicly-available images and statistics are presented here:

cRM
TP 4 PLACES

126
2EA ' VENT VALVES

CTYP 2 PLACES)
= MAIN STEAM PIPING
—— 10" SCH 40
CTYP 2 PLACES)
i

5G HEATER ACCESS
COVERS CIYP 4 PLACES?
HELICAL COLL DTSG
536 TUBES D623°/0455°8

In - 136
AVG TUBE LENGHT 95
CIYP 2 PLACES?

p—so——

FEEDWATER HEADER
AOTATED so”

\FEEIIW«TE& PIPING
eTve 2 PLACES)

REACTOR VESSEL
b

CONTROL RODS

4 PER CRIM
CONTAINAENT VESSELL
WALL THICKNESS
NOMINAL 125"

2E 47 SUMP VALVES
TP 2 P

Thermal capacity — 160 MWt \/
Electrical capacity — 45 Mwe

Capacity factor — greater than 90 percent

Containment dimensions — 60 ft. by 14 ft. (diameter) containment vessel module
RPV dimensions — 45 ft. by 9 ft. (diameter) reactor vessel module

RPV weight — 300 tons as shipped from fabrication

Fuel — standard LWR fuel in 17 x 17 configuration. 24 assemblies. Each 6 ft. long.

SECTION A-A

‘The picture to the left is taken from C! (hty dule.jpg). The pictures in the center and to the right are taken from Dr. Jose
Reyes’ (NuScale CTO) “Introduction to NuScale Dcs|g|| prc application presentation to the Nuclear Regulatory Commission (July 24, 2008).

Source: Abdulla et al. (2013)

We shall call this design SMR Numbe:

Tip: Cut the problem into
tangible pieces, formulate the
case and the questions
precisely

Part I'V. We would like to explore the 5 scenarios below

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Plant with 1 GenlII+ Plant with Plant with Plant with Plant with
conventional reactor 1xSMR 1 5xSMR 1 24xSMR 1 1xSMR 2

1,000 MWe 45 MWe 225 MWe 1,080 MWe 225 MWe

0 L] | =

il

[ETREIGIET

and the picture at the bottom is from the IAEA (http:/aris.iaca.org/sonar/

Buildings in pink
are Seismic I
category buildings

Scenario 1 the picture at the top is from the Institute for Southern Studies

image/p00179_image016.jpg). Scenarios 2 through 4: the pictures are from the the IAEA, clockwise from top (control room: hitp:/ari

%420Ro0m png, twelve-unit plant blucprint: hitp:/ari.iaca. 0-%20Fig%209%20-%2012:

%20layout.png). Scenario 5: the picture at the top is from the
video

png, and twelve-unit plant Iayout hnp J/aris.jaca.org/sonar/image/NuScale/
- main_header.png) and the

website (http
picture at the bottom is a snapshot taken from the

Page 9
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Reducing biases

6. Pitfalls of expert elicitation®

Owverconfidence, along with some of the effects of the “cognitive heuristics” we all use in making
judgments under uncertainty, can lead to important pitfalls in the elicitation of expert judgments.
Figure below shows one example of overconfidence, when for two decades the recommended value
of the speed of light with confidence intervals did not include the present best-measured value.

constants.

In order to reduce such pitfalls, during guantitative elicitation we will:
might end up being even lower;

¢ only then will we ask for your “most likely” or “best guess” estimate;

300000 T &
Ascommended
-+ value with reported
uneertainty
o - 200800 + /
S +
= | I . *—A—I
= - 209700 UL
5 al
s - 200780
T 299800 T
g - 200770
n -+
o
o - 299780
a -
'gu 4 200750
t t t t t t t t t 1 }
299600 + 1860 1880 1900 1920 1940 1960

Year of experiment
Figure: Published estimates of the speed of light (black boxes), recommended values with uncertainty (blue

boxes), and today’s best-measured value (red line]. Source: This figure is taken from I’\"Ii:rrgem5 and is based on
data from Henrion and Fischhoff™, who report a number of overconfidence cases when evaluating physical

Various strategies are available to minimize these effects. Morgan’ provides an overview.

* first ask for your lower bound estimate (i.e., the lowest possible case) and how this value
* then for your upper bound estimate and how it might end up being even higher;

*  due to the multi-disciplinary nature of induced seismicity assessment, we will ask you to self-
report what you believe to be your level of knowledge with respect to guestions we ask.

Tip: At the start, tell the

experts about these effects

Source: Trutnevyte & Azevedo (2018)

18



Reducing availability bias

7.1. Factors that may influence your estimate of induced seismicity hazard

To start with, we have listed factors that could influence your estimate of induced seismicity hazard,
applicable to EGS plants.

To what extent do these factors influence your estimate of induced seismicity hazard?

Mot at all Very much

Cumulative injected volume, including setting of the |:|
traffic light system

[]

[]

Tip:

- Before eliciting judgements,
help experts recall the
available evidence and their
mental models

Depth of the reservoir

Distance to critically pre-stressed extended faults

Injection rate, including setting of the traffic light
system

Matural seismicity

Tectonic stress regime

Type of injection fluid

Wellhead pressure

Other:

s 0 B I B A
I B 0 O O
s I B O A O
s I I B N O O
s e I I I B B A O
I I B A I B o B e R
Iy I I B N O O

Other:

Source: Trutnevyte & Azevedo (2018)
19



Reducing overconfidence and anchoring and
adjustment bias

100%

100%

©
o
ES

190%

3
Q
ES

80%

~
Q
X

70%

-}
Q
ES

60%

wu
(=]
X

150%

a5
o
R

140%

30%

Exceedance probability
Exceedance probability

120%

10%

0%

Tips:

- Let the experts choose their own scale not to anchor them

- Start with eliciting higher and upper bounds, not best-guess estimates

- Prompt them with additional questions, e.g. “Can you imagine a realistic
scenario where it could be higher?” See Supplementary Material in
(Morgan, 2014)

- If their opinion diverges from literature, ask them to explain

- Beware that some experts might struggle with probabilities

20




Exceedance probabilities of EGS induced earthquakes

6 days of reservoir stimulation eM23 eM25
100% i
z by ¢y i
s 10% s o + ¥
= é i @ 4
=B ' Y 'y
: L :
g 1% 5 H
m T i T
o 0.1% : '
Q .
2
b
o 0.01% * T
-
S 0.001% <
c 0.0002% 'M=6 M=6 M=6 5 |M=5 M=6 M=6 M=5.5 M=5.5 M=5.5 M=6 M=7 M-=6 M=7
= 0.0001% = —————————————
' A B C D E F G H | J K L M N
Expert
—— | am an expert on this issue ====== | know a lot | have some limited knowledge

Source: Trutnevyte & Azevedo 2018
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Influencing factors, uncertainty, and gains through
future research

Uncertainty reduction

Influence on the final Contribution to
. due to future research
hazard outcome uncertainty .
and data collection
Faults < I Notatall 1 veryhighl I Notatall 1  veryhighl  } Notatall )}  Veryhighl
auits Distance to extended faults 0|]0|0|0] 2 0 1 3 0|3|]0|1|0]|3
EGS design Cumulative injected Yolume 0|2]|0 3 0 1 0|1 0O|1|3|1|1|2]|3
and Depth of the reservoir 0|01 0 0 1 1|10 1/3[2(0|3]|]2]|0
. Wellhead pressure 0j1(2]2 1 0 2|0 1/0]1 110
operation |_ |injection rate 0|1 0 1 0 1] o0 0ol2]2 2] 0
Tectonics { Tectonic stress regime 2102 |2]2 1 0 2 |1 0|1 2| 2
Natural seismicity 1/1]3]2]2 3|1 0 2 |1 0|0 3|1
Fluid = [Type of injection fluid 28 23 100 1 1] o 1]3 0ol o

Source: Trutnevyte & Azevedo, 2018
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Summary of this expert elicitation

¢ We have observed a vast
diversity in quantitative expert
judgements about the
probabilities of felt and damaging
EGS induced earthquakes and
maghnitudes of the largest events

¢ Expert mental models of what
influences induced seismicity
hazard, related uncertainties, and
what future research could
achieve diverge too

100%

10%

1%

0.1%

0.01%

0.001%

Annualized exceedance probability

6 days of reservoir stimulation eMz3 eM25

—
—_—
-
.

Ib=0%
—_—
———

0.0001%

Influence on the final Contribution to
hazard outcome uncertainty

IMotatall | “Veryhighl ) Motatall 1 Veryhighl IMNotatall |

Uncertainty reduction
due to future research
and data collection

Very highl

[Distance to extendedfaults [0 [0 [0 [ D of1fof1f2]af® (o3 o[1]0

|cumulative injected volume| 0 [ 2 0 | 0 3 o1 1201 ol1[@1]1]2]3
Depth of the reservair 0|0|1 3 4 0 ojl34|1/2|1|0 1088 2 03y 2|0
[wellhead pressure o|1]2|z2[al3]1 0|20 120 1|01 1|0
Injection rate o1& o 2[1 0|13 1[1]o| |[o[Z]z]2]8]z]0
[Tectonic stress regime z|olzz(2 @1 o[z|z]1@z]1 o1 1|lolz2]z2
Matural seismicity 1/1]a]2]2]3a]1 ololz[2lalz2]1 o|o|1]2 3|1
[Type of injection fluid 2 2[3|1 00 i@z o[1]0 [1]B 2(ojo]o
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Shedding light on the existing schools of thought

Climatic Change (2007) 82:235-265
DOI 10.1007/s10584-007-9246-3

Expert judgements on the response of the Atlantic
meridional overturning circulation to climate change

Kirsten Zickfeld - Anders Levermann -
M. Granger Morgan - Till Kuhlbrodt -
Stefan Rahmstorf - David W. Keith

Tips:

« Beware of the
diversity in expert
judgements

 Choose experts to
represent different
camps

 Elicit individual
judgments first

Probability of AMOC-collapse (%)

100

80

60

40

20

- 200%

- <30%

4 1 I | |
—e #12
oo # 11
| #10 ]
A-A$ O
L |e—e # 8 o
—eo# 7
B # 6 ° =
# 4
ooy 3 [--—----- e G e g
# 2
A # ] , » =
A
A
- o A& =
A
A &~ .
""""" B
——— =
2 4 6 8

Temperature increase in 2100 (K)
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Combining expert judgement

Separately for Expert 1 &

Expert 2
Expert 1 /\ i )
Xpe {" % Nonlinear 2 [
i model X
I(\"‘ f\. '/—\lc
|| l|‘ M\ ?
[\ Nonlinear Ll
Expert 2 i e Tl e
P il model /I .
Combined \ ; /

Combined
Expert 1 &
Expert 2

Combined
Expert 1 &
Expert 2

Tip: In case of very diverse expert judgements, it is more suitable to do a
sensitivity analysis to different expert opinions rather than combine them.

Source: Morgan (2015)
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Exceedance probabilities of EGS induced earthquakes

6 days of reservoir stimulation eM23 eM25

R AR
WIRE R

0.01% 7 T

Annualized exceedance probability

0.001% -
0.0002% | M=6__M=6__M=6 7 [M=5 M=6 M=6 M=5.5 M=5.5 M=5.5 M=6 M=7 M=6 |M=7
0.0001%

A B C D E F G H I ] K L M N
Expert

Tip: “Science is not a matter of majority vote. Sometimes it is the minority
outlier who ultimately turns out to have been correct.” (Morgan, 2014)

Source: Trutnevyte & Azevedo, 2018
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Goals for today

¢ Understand the overall principles of
expert elicitation

¢ Look into some practicalities of expert

elicitation

Direct empirical evidence
{direct measurement)

Semi-empirical evidence

Empirical correlations
{measurement of other effects)

Theory-based inference
{modelling)

inty «——— = Priority

Experiential insight
{experience-based opinions)

[ L
Use (and abuse) of expert elicitation in
support of decision making for public policy

. Granger Morgan

. 2o

0 ey e ot et who e

o g e
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A i o Do
i Al st o tepe b do 1 ke e g, by (5,26-3)
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e
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{direct measurement under other conditions)
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Get in touch with questions RES
and comments!
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Questions to elicit probability distribution

Your favorite band is planning a concert somewhere in your town.
How much the ticket will cost? Not what you would like it to cost
and not what you would be able to pay.

— Lower bound: What is the lowest that it could cost?

—Lower bound 2: What if they play in a large hall, where you get
the back seats or buy the last-minute ticket at the door?

— Upper bound: What is the highest it could cost?

—Upper bound 2: Can you tell me a case where it would be higher?
What if the band plays in a small place with limited entrance only?

—Most likely: What is the most likely?
—Check: It is not symmetrical, right?
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