
Chapter 13
Characteristics of a Process for
Subjective Probability Elicitation

John Quigley and Lesley Walls

Abstract The elicitation of subjective probabilities from experts can be critical in
determining a course of action when making decisions under uncertainty. A sound
process to elicit probabilistic judgement is necessary to ensure that good quality
data are used to inform the decision-making, as well as to provide protection to
those accountable for the consequences of the determined actions. We synthesise the
characteristics of a good elicitation process by critically reviewing those advocated
and applied. We compare the processes inherent in the guidance produced by two
professional bodies to exemplify the manner in which the characteristics manifest
themselves in practice. We examine whether standardisation is meaningful given the
maturity of processes for the elicitation of subjective probability.

13.1 Introduction

Big data and the digital age have not removed the need for nor diminished the
importance of expert judgement; observed data are history and expert judgement is
the future. We still require expert judgement to support decisions where observed
data are few or non-existent. Also we can require expert judgement in situations
where observed data are abundant since the relevance of the past to the future can be
assessed only with expertise (Hora 2007; Quigley andWalls 2018). This is not likely
to change as more observed data are collected. Further, for situations with little or no
observed data, we believe that concepts like black swans (Taleb 2007), perfect storms
(Junger 1997) or deep uncertainty (Cox 2012) should not be an excuse for superficial
thinking about possible future events (Dias et al. 2018).We encountermany problems
where there exists relevant expertise and for which the problem characteristics are
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measurable in theory but not in practice; these conditions are ideally suited for expert
judgement (Cooke and Goossens 2008).

We are concernedwith the elicitation of quantitative subjective judgement, specif-
ically the expression by experts of their beliefs in the form of subjective probability
distributions. Such measures do not come naturally to people and so we require a
process to facilitate the expression. Research has indicated that there is a need for
formal elicitation to extract and quantify judgements since people, even experts, are
unable to provide accurate data simply on request; see, for example, Cooke (1991),
Meyer and Booker (2001).

Since the work of Tversky and Kahneman (1974), there has been awareness of
the biases and heuristics people apply in decision-making under uncertainty that
can result in poor probability assessments. Examples include contextual biases and
heuristics such as anchoring, availability and representativeness. Other challenges
associated with assessments made by people include issues such as groupthink (Janis
1971), group polarisation (Myers and Lamm 1976), overconfidence (Soll and Klay-
man 2004) and difficulties associated with communicating knowledge in numbers
and probabilities (Gigerenzer and Edwards 2003). Inappropriate and ill-informed
elicitation can amplify biases by relying on subjective and unreliable methods for
selecting experts (Shanteau et al. 2002), asking poorly specified questions (Wallsten
et al. 1986), ignoring protocols to counteract negative group interactions (Janis 1971)
or applying subjective or biasing aggregation methods (Aspinall and Cooke 2013;
Lorenz et al. 2011).

An elicitation process design should address these known issues. However,
according to Burgman (2004), Krueger et al. (2012), Kuhnert et al. (2010) and Regan
et al. (2005), amongst others, informal methods for elicitation persist. French (2012),
Choy et al. (2009) and Krueger et al. (2012) report that few elicitations provide
sufficient detail to enable review and critical appraisal. The consequences of poor
judgement are misinformed decision-makers as illustrated by Wilson (2017) who
reported a 52% hit rate in 95% intervals from his investigation of selected expert
judgement studies.

Reported expert probabilistic assessments have been conducted for almost
50 years. Early studies include WASH-1400 concerning nuclear reactor safety
(United States Nuclear Regulatory Commission 1975) that applied methods fur-
ther developed into NUREG-1150 (United States Nuclear Regulatory Commission
and others 1990). Approaches to elicitation continue to be developed and expert
probability assessments remain a key input to policy and decision-making today.
Examples include the following: Determination of volcanic eruption-related field-
work risks (Christophersen et al 2018); pollination uncertainty to inform policy-
making for ecosystems (Barons et al. 2018); the combined effect of the meteorol-
ogy and oceanography (also known as metocean) in offshore engineering (Astfalck
et al. 2018); assessment of technology uncertainty during aerospace product design
(Hodge et al. 2001); role of technical expert panels in probabilistic seismic risk anal-
ysis (Budnitz et al. 1998); expert judgement underpinning influential global environ-
mental policies (Hemming et al. 2018) such as International Union of Conservation
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Nature (IUCN) Red List (IUCN, 2012) and Inter-governmental Panel on Climate
Change (IPCC) Assessments (Mastrandrea et al. 2010).

A sound process to elicit judgement for such problems is necessary to inform
the decision-making. In addition, a sound process can also provide protection to
those accountable for the consequences of the determined actions. Consider the
2009 L’Aquila earthquake tragedy in Italy where 309 lives were lost (for details, see
Nature 2011 and Science 2012, 2014). This case highlights the need for transparent,
rigorous and widely accepted processes for assessing uncertain events. On appeal in
November 2014, only the government official continued his prison sentence as the
responsible person for the risk communication, while the six scientists who provided
expert advice were acquitted. Nevertheless, in the original trial in October 2012, the
six scientists as well as the government official, who participated in Italy’s National
Commission for the Forecast and Prevention of Major Risks six days prior to the
earthquake, were sentenced to six years in prison for manslaughter. The prosecution
argued that the expert advice from the Commission resulted in 30 people deciding
to stay indoors contributing to their death; the scientists were brought to trial origi-
nally because of poor practice and the presiding judge ruled their analysis superficial.
Additional criticism of this risk assessment has been made by the President and Gen-
eral Secretary of the International Seismic Safety Organisation (ISSO) concerning
the lack of independence amongst expert judgements (Martelli and Mualchin 2012).

Our contribution is to characterise more generally what makes a good elicita-
tion process by critically reviewing relevant literature and reported applications. Our
intent is to inform others responsible for developing future elicitation processes for
specific purposes and contexts of the characteristics of a good elicitation process.
Section13.2 describes the seminal work of the Stanford Research Institute (SRI) in
constructing an interview process to address a variety of known biases commonly
encountered with the elicitation of subjective probabilities from experts. Section13.3
extends our discussion of the issues surfaced in the previous section through a wider
review of subsequent work and organises these issues into the emergent character-
istics of a good elicitation process. Section13.4 compares the elicitation guidance
documents from two professional societies to illustrate and assess how the gen-
eral characteristics manifest themselves for different purposes. Section13.5 explores
whether standardisation of an elicitation process for subjective probability is useful
given the maturity of practice. Section13.6 presents our concluding discussion.

13.2 Stanford Research Institute Elicitation
Process—The Genesis

Although the RAND Corporation developed formal approaches for the elicitation of
expert judgement in the 1960s, these were not for probabilistic judgements (Dalkey
and Helmer 1963; Dalkey 1967, 1969). Spetzler and Stael von Holstein (1975)
were the first to report an elicitation process for subjective probabilities grounded in
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practice by the Decision Analysis Group at the Stanford Research Institute (SRI).
Previously, research had focused upon methods to encode probability assessments
that concentrated more narrowly on the quantification of expert uncertainty rather
than wider processual considerations; see, for example, Hampton et al. (1973) and
Winkler (1967). By broadening the scope to position encoding methods within an
elicitation process, the so-called SRI five-stage approach seeks to identify poten-
tial biases and minimise their impact on the quantitative assessment. Since the SRI
process is concerned with structuring an interview with the expert, some important
aspects, such as expert selection, are not considered. We describe the five stages—
namely, motivating, structuring, conditioning, encoding and verifying—since these
provide a common basis that has informed many subsequent elicitation processes.

13.2.1 Motivating Stage

The SRI advocates that the process design should address motivational biases, such
as management and expert bias. Management bias occurs when an expert provides
goals rather than judgement. For example, an expert states the aspiration that there
will be no weaknesses in a system by time of manufacture, rather than providing
an assessment of their beliefs about the likely occurrence of weaknesses. Expert
bias occurs when a person becomes overconfident merely because they are called
an expert. During this stage, the intent is to determine if there are motivations for
the expert to, consciously or unconsciously, adjust probability assignments based on
perceived rewards.

Motivational biases can be identified through discussion, where the interviewer
develops a rapport with the expert and discusses openly any payoffs that might be
associatedwith the probability assignment aswell as possiblemisuses of the informa-
tion; for example, single-number predictions are often interpreted as commitments.
The interviewer should make clear to the expert that no commitment is inherent in
a probability distribution, and that complete judgement from the expert is sought.
Additionally, the interviewer introduces the encoding task to the expert by explaining
both the importance and purpose of probability encoding in relation to the decision,
and clarifying the difference between probabilistic and deterministic predictions.

13.2.2 Structuring Stage

Structuring involves defining the event under consideration to minimise ambiguity in
the questions and to explore how an expert thinks about the quantity for which prob-
ability judgement is to be elicited. The aim is to manage possible cognitive bias by
simplifying the complex task of assigning probabilities by disaggregating the quan-
tity of interest into more elementary variables (Armstrong et al. 1975). However, the
unpacking principle (O’Hagan et al. 2006), also known as subadditivity (Tversky and
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Koehler 1994), may be the consequence. This refers to the situation where the more
detailed the description of the event, the greater the likelihood assigned to it. For
example, an expert may provide an assessment for the probability of a component
failing and subsequently during the elicitation process provide probabilities associ-
ated with causes of that failure that may result in a component probability exceeding
the initial assessment.

The quantity of interest needs to be specified so that a measurement scale can be
determined. There is a need for precise thinking about how the quantity of interest
will be realised. For example, if the exchange rate between two currencies next year
was to be assessed, then it would be necessary to specify the exact time next year
for the measurement as well as where the currencies would be exchanged, as banks,
stock exchanges and tourist agencies all buy and sell currencies and offer different
rates.

It is important to choose a scale that is meaningful to the expert. One important
consideration when selecting the quantity of interest is feedback to the expert. This is
considered crucial for calibrating the expert and should be event-specific (Fischhoff
1989; Bolger and Wright 1992; Ferrell 1994). In other words, the feedback must be
with respect to assigning probabilities to particular classes of relevant events and not
only feedback on the ability of the expert to assign probabilities to any situation. To
increase the effectiveness of feedback in terms of learning, conditions that influence
the event should re-occur as often as possible (Fischhoff 1989; Kadane and Wolfson
1998). Therefore, the factors on which the measure is conditioned should be as
few and general as possible. The structure of the quantity of interest may need to
be expanded so that the expert does not have to model the problem further before
making each judgement.

Structuring should encourage the expert to think carefully about the event before
the actual encoding session begins by probing and clarifying issues concerning rel-
evant and irrelevant background information.

13.2.3 Conditioning Stage

Information relevant to assessing the probabilities is discussed to address issues such
as availability bias and anchoring and adjustment. Availability bias refers to the influ-
ence that easily recalling examples can have on the assessment of probability, such as
overestimating the likelihood of a disaster because it has devastating consequences
unrelated to its frequency. Anchoring and adjustment is a heuristic, where people
base their judgement on a piece of information (i.e. the anchor) and adjust for the
assessment. For example, an expert making a series of assessments will provide an
initial assessment for the first quantity of interest, and all subsequent assessment
will be adjustments; anchoring and adjustment can lead to overconfidence and other
judgement errors (Kahneman et al. 1982). Such discussions can also form part of the
structuring stage for these and other possible biases such as the conjunction fallacy,
whereby people guess that the odds of two or more events co-occurring are greater
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than the odds of any one of the events occurring alone because the co-occurrence
appears more representative (Tversky and Kahneman 1983).

The conditioning stage aims to encourage the expert to think fundamentally about
their judgement, understand how they make probability judgements and through
revealing the information that seems most available, what (if any) anchors are used
and what unstated assumptions are being made. Experts can be asked to specify the
most important bases for their judgement to identify anchors as well as exploring
more extreme situations.

13.2.4 Encoding Stage

This stage refers to the actual method for elicitation of the probability distribution for
the quantity of interest. A popular encoding procedure for distributions is the fractile
method where the expert assesses the median value of their subjective probability
distribution along with, say, the (25th,75th) and the (5th, 95th) percentiles. The order
in which these quantities are elicited should start with the extreme values first and
progress towards the central values to avoid a central bias (Seaver et al. 1978).

After percentiles of the distribution have been assessed, graphical techniques can
be applied to enhance the quality of the distribution (Chaloner et al. 1993). Once
these probability values have been elicited, then a parametric distribution might be
sought to maximise fit.

Spetzler and Stael von Holstein (1975) provide the following suggested steps in
encoding.

(a) Ask for extreme values—deliberate use of availability to counteract central bias.
(b) Ask for scenarios that lead to realisations beyond extreme values—makes out-

comes more available to an expert so more likely to assign higher values to
extreme outcomes to address central bias.

(c) Assign probabilities to scenarios—increases variability in overall distribution.
(d) Choose values and assign probabilities—do not choose a significant value for

assessment as this will lead to anchoring, but choose values experts will be
comfortable with assessing.

(e) Construct Cumulative Distribution Function (CDF).
(f) Fit curve.

If the expert is to assess multiple quantities of interest, then in step (d) it is
recommended the probabilities (i.e. percentile) are fixed and the values elicited so
that numbers are not provided upon which an expert might anchor.

13.2.5 Verifying Stage

Since a subjective probability distribution has been elicited, the interviewer now
guides the expert though a review of the distribution to ensure it reflects his/her
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expressed belief. If it does not, then additional elicitation is required. Verification is
accomplished by showing the expert the implications of the interviewer’s interpre-
tation of their response.

Two common activities performed at this stage include visualising the probability
density function and comparing equi-probable intervals from the CDF. Askingwhich
interval the expert would bet on supports verification because the expert should be
indifferent to betting between intervals if the CDF reflects their belief. It is suggested
this activity should be repeated three to five times.

Verification is required to ensure that an expert has provided a reflection of his/her
true beliefs. If problems are encountered, then the previous stages are to be repeated.

13.2.6 Extensions of the SRI Process: Aggregation
and Discretisation

Miley Merkhofer, manager of the Decision Analysis Research Program at the SRI
between 1975 and 1983, reported an extended SRI process that included a sixth
and seventh stage, namely, Aggregation and Discretisation, respectively (Merkhofer
1987).

For situations where multiple experts are assessing the same quantity of interest,
then individual probability distributions may need to be aggregated; evidence sug-
gests that combined judgement can improve assessment quality (Ashton and Ashton
1985). There are two approaches to aggregation—mathematical and behavioural. The
former implies the experts should not influence each other’s decisions
(Ferrell 1985). The latter requires experts to share their judgement and re-assess
their distributions and includes techniques such as Delphi (Ferrell 1985) and Nom-
inal Group Technique (Moore 1987), see Gosling (2018). There are several mathe-
matical approaches to aggregation most of which aim to evaluate a weighted average
across the experts. See Cooke (1991) for a fuller discussion as well as more recently
developed methods such as Wisse et al. (2008).

Rather than encoding using, say, the fractile method, it can be necessary to treat
continuous random variables as discrete. Discretising refers to techniques for fitting
continuous distributions to the elicited data while preserving important moments.
This is accomplished by dividing the range of all possible values for the uncertain
variable into intervals, selecting a representative point from each interval and assign-
ing that point the probability that the actual value will fall within the corresponding
interval. The moments can be preserved through, for example, Gaussian quadrature
techniques (Miller III and Rice 1983).

13.2.7 Managing Bias

Throughout the SRI process, the interviewer explores the potential for bias with the
expert and takes steps to manage bias by careful consideration of issues as discussed
above.
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At the time of development of the SRI in the 1970s and 1980s, such consideration
of expert bias was the only approach. During the 1990s, Roger Cooke introduced
a more formal means of measuring bias where seed variables are used, and experts
assess quantities that are unknown to them but known to the analyst; see, for example,
Cooke (1991), Quigley et al. (2018).

13.3 Characteristics of an Elicitation Process

We now synthesise the characteristics of good elicitation processes based on a review
of two classes of publications. First, proposals from the scientific literature, which
describe largely positive attributes we seek an elicitation process to possess. Sec-
ondly, insights gained from published criticisms of practical applications, which
are indicative of pitfalls to avoid when designing and implementing an elicitation
process.

Avariety of literature sources have been drawnupon including books, studies, crit-
ical reviews as well as journal articles. Books focusing on expert judgement include
Cooke (1991), Meyer and Booker (2001), Ayyub (2001) and O’Hagan et al. (2006).
TheU.S. Nuclear Regulatory Commission has published several relevant documents.
These include NUREG-1150 (United States Nuclear Regulatory Commission and
others 1990) which reports how to estimate the uncertainties and consequences of
severe core damage accidents in selected nuclear power plants for which Keeney and
Von Winterfeldt (1991) provide a critical appraisal. NUREG/CR-6372 (US Nuclear
Regulatory Commission 1997) provides guidance on the use of expert judgement for
seismic hazard analysis and is accompanied with practical guidance from NUREG-
2117 (Kammerer and Ake 2012); lessons from more recent application of these
guidelines are discussed in Siu et al. (2015). Cooke and Goossens (2008) review
various elicitation applications, while Shephard and Kirkwood (1994) provide an
in-depth description of an elicitation case study. Walls and Quigley (2001) describe
how the SRI model informed an elicitation process for assessing uncertainty in prod-
uct development, for which Hodge et al. (2001) reflect upon the lessons learnt from
the perspective of multiple participant roles. Additional references are given to the
literature in relation to specific issues discussed below.

We acknowledge that a specific situation will require a particular elicitation pro-
cess. Figure13.1 summarises some questions likely to be asked by any analyst
approaching elicitation of subjective probabilities and indeed is based on the ques-
tions the authors themselves posed in such a situation.Within the diagram, the specific
questions are grouped around the who, what and how of approaching an elicitation
process. Here, we seek only to discuss general characteristics of good practice that
will be transferable across a variety of problem domains where subjective probability
assessment of some quantity of interest is required.

Figure13.2 illustrates our structured collation of the issues emerging from the
literature. We show that the process should be grounded in scientific principles,
while taking account of the purpose of elicitation that determines the quantities of
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Selecting
Experts

Who are the
experts?

Managing
People

Howmuch of the process
should the experts

understand? How should the
activities be sequenced?

Assessing
Subjective
Probabilities

How should measurement
for the quantity of interest

be constructed?

How structured should
the method be?

To what level of detail
should we elicit?

How should expert
learning be supported?

How should the
interview be recorded?

How should questions
be phrased?

How should we engage
with the experts to
aggregate the data?

How should probabilities
be verified?

Fig. 13.1 Example questions posed by an analyst when designing an elicitation process

interest for which probabilities are to be elicited. The peoplewhose assessments will
be elicited will be sourced from the purpose context, and their expertise will depend
on the quantities for which probabilities are required. The inner design, plan and
implement loop reflects that an elicitation is not necessarily a linear process. Our
following discussion reflects the inter-dependency between issues to be considered
when developing a good elicitation process.

13.3.1 Principles

Cooke (1991) proposes that expert judgement processes should be subject to the
following principles.

Scrutability/accountability: All data, including experts’ names and assessments, and
all processing tools should be open to peer review and the resultsmust be reproducible
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Fig. 13.2 Key characteristics of a good elicitation process emergent from the literature

by competent reviewers. It is not sufficient to present synthesised summary measures
of expert assessments only and all subjective probabilities should be traceable back
to the individual expert. Cooke (1991) argues strongly for publishing the names of
experts for public decision-making but acknowledges the potential disadvantage in
relation to conflict of interest for private firms.

Empirical control: Expert assessments should be susceptible in principle to empirical
control. Scientific statements should be falsifiable in principle and, while such a test
may not be feasible, it should be possible. Essentially this principle is guarding
against an expert being free to say anything, and inferring one subjective probability
is as good as another.

Neutrality: The method of elicitation should encourage experts to state their true
opinions. Cooke (1991) suggests the Delphi technique, as reported by Sackman
(1975), is an example where experts are encouraged not to deviate too far from the
median of the group, as well as a providing a process where experts are required to
self-assess their judgement implying there is no incentive for honesty (see Brockhoff
2002).

Fairness: All experts should be treated equally a priori. Note that this does not prevent
unequal treatment of experts a posteriori. In contrast to the fairness principle, some
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Bayesian methods for combining expert judgement require the decision-maker to
assess the reliability of an expert prior to the elicitation. Further, there is a lack of
guidance upon what basis such an assessment can be made. Even if such guidance
did exist, then the fairness principle would be violated.

13.3.2 Purpose

According toKammerer andAke (2012) and theUSNuclearRegulatoryCommission
(1997), the purpose of an elicitation study is to provide a representation of the centre,
body and range of views of the informed expert community regarding the quantity
of interest. The output of an elicitation process involving multiple experts is not
consensus but integration, since there is no one correct answer. The elicitation leads
to the construction of what has been termed by Siu et al. (2015), as a community
probability distribution.

The purpose of a process is more than just facilitating the elicitation of structured
expert judgement while minimising biases in the resulting assessments. Importantly
and additionally, the process should enable judgements to be subject to review and
critical appraisal (French 2012). This need for a process to be transparent and repeat-
able means that documentation is a key enabling activity. It is the recording of the
goal of the exercise, the design of the process and the judgements obtained to an
appropriate level of detail and clarity that enables the process to be repeated (Cooke
1991).

Documentation has a variety of purposes (Bonano et al. 1990), including improv-
ing decision-making, enhancing communication, facilitating peer review, avoiding
biases in judgement, unambiguous identification of the current state of knowledge
and providing a basis for updating. A key strength of formal expert elicitation is in
the documentation of the complete process as well as of the elicitation results and
reasoning (Keeney and Von Winterfeldt 1991).

13.3.3 Probability Assessment of the Quantity of Interest

We consider a set of issues relating to the definition of meaningful quantities of
interest for which probability assessments are required and the nature of modelling
choices to be made in relation to how such assessments are obtained.

13.3.3.1 Observable Quantity of Interest

Many models contain parameters that are both unobservable and uncertain. The
variable to be elicited should be related to an observable quantity, at least in principle.
Cooke and Jager (1998) and Frijters et al. (1999) examine how to accomplish this.
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For a relative frequency, for example, a large virtual population could be imagined
and appropriate random selections considered. This should assist in ensuring use of
a consistent definition for the quantities of interest (Keeney and Von Winterfeldt
1991).

13.3.3.2 Selection of Quantity of Interest

While an audit of available data may preclude the necessity of quantifying some
variables, care is needed when assessing the relevance of the data (Siu et al. 2015).
It can be useful to remind the expert in situations where empirical data are available,
say test data, that judgement is needed to assess the relevance of that data to the
practical field situations of interest. Mechanical processing of empirical data without
consideration of its relevance towards the specific conditions under consideration
may not result in appropriate representations of uncertainties.

Quantities of interest can be organised into similar groups to help reduce the
cognitive burden byminimising the number of mental models required in assessment
(Quigley and Walls 2010). However, this could introduce the bias of anchoring, so
care should be taken.

Resourceswill be constrained and elicitation canbe time-consuming; hence, better
planning can result in better data. Careful expression of judgement can be a fatiguing
process for an expert, especially when relevant data are sparse (Siu et al. 2015). The
number of quantities of interest that an expert can meaningfully quantify in a session
is limited (Keeney and Von Winterfeldt 1991); hence, it might not be possible to
quantify each, and so screening the variables may be necessary (Bonano et al. 1990).
Consideration should be given to the number of parameters that can be realistically
assessed so that they can be prioritised for judgement. Alternative strategies will need
to be considered for the remaining variables, informed by their importance towards
the decision-making and the associated range of uncertainty. Bonano et al. (1990)
suggest three experts being involved in parameter selection: specialists with subject
matter knowledge, generalists with expertise in modelling and experts in sensitivity
analysis.

13.3.3.3 Method for Encoding Probability

Requesting experts to provide their estimates in the form of a set of pre-designated
quantiles can protect the expert against anchoring to the provided values as well as
creating some consistency across questions that may lead to efficiencies in assess-
ments. However, providing such judgements requires a degree on introspection and
many experts do not think naturally in terms of the quantiles (Siu et al. 2015). Pro-
cesses should remain flexible in accepting expert input in the form the expert feels
most representative of their beliefs. When there are multiple experts, then compro-
mise might be required.
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There are important advantages in using parametric probability distributions to
represent expert judgement. Three advantages, in particular, are intrinsic smooth-
ing of the expert assessments, interpolation between assessments and extrapolation
beyond the assessments. However, care is needed to avoid force-fitting a parametric
model to expert assessments (Siu et al. 2015). A parametric probability distribution,
such as the Normal distribution, provides an infinite range of probabilistic assess-
ments and, typically, an expert only provides a few assessments. Given that the
implications of a parametric model choice may not be apparent to an expert, then it
is important that the elicitation process should include activities to check model ade-
quacy for the expert assessment. It is particularly important that the analyst checks
that the probability distribution elicited is a good fit in the part of the function (e.g.
the tails) that will drive the decisions.

Considering only a limited number of parametric models to represent an expert’s
belief should be avoided. For example, situations where multi-modal distributions
(representing the possibility of distinct, competing “models of the world”) accurately
represent the state of knowledge can be missed if the elicitation process focuses only
upon a limited number of parametric models, especially the common uni-modal
distributions. Therefore, the elicitation process should ensure that any mathematical
representations of probability assessments do not unduly distort an expert’s beliefs
for the sake of convenience.

13.3.4 Managing the People Participating in the Elicitation

We now characterise the different roles of participants in the elicitation process and,
in particular, discuss issues relating to the management and training of experts.

13.3.4.1 Classes of Participants

Each participant involved in the elicitation process should be clear about his/her role,
the aims of the exercise and should be made aware of how his/her judgements will
be used, i.e. how their data will inform particular decisions (Siu et al. 2015).

Who is an expert? Multiple definitions exist, with many focusing upon expertise,
typically gained through experience in a particular field. For example, Ferrell (1994)
defines an expert to be

a person with substantive knowledge about the events whose uncertainty is to be assessed

while Meyer and Booker (2001) define an expert as

a person who has a background in the subject matter at the desired level of detail and who
is recognised by his/her peers or those conducting the study as being qualified to solve the
questions.
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These definitions implicitly assume experts can be accessed if required. When gath-
ering experts from a constrained pool, then the definition by O’Hagan et al. (2006)
might suffice since

an expert may, in principle, just mean the person whose judgements are to be elicited.

In addition to having expertise in the domain problem, we require an expert
who can express their uncertainty accurately as a subjective probability. Being able
to accurately assess uncertainty is not the same as being a subject matter expert.
One may know less, but be more capable of expressing this degree of uncertainty
quantitatively. Hora and Von Winterfeldt (1997) suggest six criteria for identifying
experts: tangible evidence of expertise; reputation; availability and willingness to
participate; understanding of the general problem area; impartiality; and lack of an
economic or personal stake in the potential findings.

In order to elicit awide spectrumof judgement, wemay use a group of expertswith
diverse knowledge that encompasses all facets of scientific thought on a particular
problem. This should help to identify areas of interest thatmay bemissedwith a small
group of experts or with a group of experts from a specific school of thought. See,
for example, Hogarth (1978), Clemen and Winkler (1986), Broomell and Budescu
(2009), Larrick et al. (2011).

For further details, see Bolger (2018) who provides a detailed consideration of
experts and their selection.

Beyond the expert, there are other participants in the elicitation process.
Bedford et al. (2006) identify two additional roles of decision-maker and analyst.
The decision-maker is the problem owner and the one who is ultimately responsi-
ble for any decision and wishes to be informed of the uncertainties that exist. The
analyst is the person responsible for identifying the necessary experts, the events of
interest and developing the elicitation protocol. Others describe similar additional
roles. O’Hagan et al. (2006) make a distinction within the analyst role between that
of a facilitator and a statistician. The facilitator manages the interaction with the
experts and should be an expert in facilitation, while the statistician is an expert in
probability and gives training to the experts, validates the results and provides feed-
back. However, O’Hagan et al. (2006) state that these roles can be merged. Booker
and McNamara (2002) also identify the role of advisor-expert. An advisor-expert is
someone who helps to support experts by offering technical support. This support
may be in the area of identifying the appropriate experts or areas of interest that
we wish to elicit judgement about. Within professional guidance, NUREG/CR-6372
identifies three different expert roles. A resource expert to present data, models and
methods in an impartial manner. A proponent expert as an advocate for a specific
model, method or parameter. An evaluator expert whowill objectively examine avail-
able data and models, challenge technical bases, underlying assumptions and, where
possible, test the models against observations.
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13.3.4.2 Managed Experts

Assessments based on the aggregation of multiple experts’ judgements are reported
to be more accurate than predictions based on an individual’s judgement (e.g. Page
2007; Soll and Larrick 2009). Therefore, we need to consider how experts should be
managed, particularly their interaction. That is, should experts communicate and, if
so, how?

The experts (as representatives of the informed technical community)will evaluate
the available evidence (e.g. numeric data, models, theories and scientifically account-
able positions) to inform their judgements. The selection of experts is to ensure a
breadth of the collective state-of-knowledge. The extent to which experts should
discuss the assessment of a quantity of interest varies by approach. Behavioural
approaches such as Gosling (2018) advocate a facilitated discussion to arrive at
the community probability distribution, while performance-based approaches as
described in Quigley et al. (2018) propose experts form their assessments indepen-
dently. Additionally, others propose hybrid approaches (Hanea et al. 2018; Hemming
et al. 2018).

There is evidence in some contexts (Siu et al. 2015) that experts can be reluctant
to quantify their beliefs as well as to share with fellow experts. Therefore, a process
needs to consider the socio-technical nature of elicitation to help put experts at ease,
thereby encouraging them to openly share their point of view, even if it is not shared
by others. Challenges to proponent positions are important to enhance a group’s
understanding but need to be managed carefully.

When managing experts, there are three “i’s” to consider when designing the
process activities (Siu et al. 2015).

(a) Independence—judgement should be based upon an individual’s expertise;
judgement should not be influenced by the organisation that the expert rep-
resents.

(b) Interaction—if a behavioural aggregation approach is undertaken, then the pro-
cess of evaluation, elicitation and integration is achieved through interaction
amongst experts.

(c) Integration—the process should emphasise integration (rather than consensus)
of individuals’ interpretations or judgement.

The advantage of a performance-based approach is the ability to discriminate
between the quality of the experts’ quantitative judgement through testing during the
interview; this is not possible in a behavioural elicitation workshop.

13.3.4.3 Training and Learning

It is acknowledged by, amongst others, Bonano et al. (1990),Keeney and Von Win-
terfeldt (1991), US Nuclear Regulatory Commission (1997) that both an expert’s
willingness to provide numerical estimates and the quality of their assessments can
be improved through training. Such training should explain themeaning of subjective
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probability, raise awareness of well-known sources of bias and provide meaningful
exercises onwhich to practice. To bemeaningful to engage the experts, such exercises
should align with the problem under investigation.

Bonano et al. (1990) suggest three key tasks be conducted during the training
session: First to familiarise the expert with the process and motivate them to pro-
vide formal judgements. Second to provide experts with practice at expressing their
judgement. Third to educate the experts on potentials for bias.

The quality of subjective probabilities from experts is dependent on both the
expert’s experience and the method of elicitation. If the expert lacks experience, the
prior distributions will be uninformative or misleading, regardless of the elicitation
approach employed. Poorly designed elicitation techniques may degrade the quality
of information provided by experts. Fischhoff (1989) proposes the following four
necessary conditions to support improving judgement skills.

(a) Abundant practice with a set of reasonably homogeneous tasks—to assist the
expert in developing their judgemental skills on the relevant task.

(b) Clear-cut criterion events for outcome feedback—learning requires feedback to
the expert, but this can be challenging to evaluate if the judgements are compo-
nents of complex systems (natural, social or biological).

(c) Task-specific reinforcement—performance should be based on the wisdom of
their judgement; be aware if there are implicit rewards for the experts. e.g. did
they bring good news? Did they disrupt plans?

(d) Explicit admission of the need for learning—using titles such as expert can result
inhibit learning.

Fischhoff (1989) also points out that often judgements concern events that are not
realised for years, which provide little opportunity to learn about the quality of such
judgements.

13.3.5 Process Considerations

The elicitation process is more than the means by which the method to obtain the
probability assessments is implementedwith the selected experts, say by an interview
or some othermeans.We examine issues that are important in creating a coherent pro-
cess that allows design choices about the probability and people aspects, as discussed
in the previous sections, to be meaningfully planned and implemented.

13.3.5.1 Core Activities

The process should account for key activities that add value to the quality of the data
collected. Such activities include the recruitment of experts, the framing of questions,
the elicitation and aggregation of their judgements, using procedures that have been
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tested and clearly demonstrated to improve judgements (e.g. Cooke 1991; Mellers
et al. 2014).

In particular, the following activities are core to the process.

(a) Preparation—this will entail the development of the following: problem state-
ment, project plan, expert panel, reading material, package of data available and
elicitation procedures.

(b) Pilot study/Expert training—it is essential that all experts share a commonunder-
standing of the problem and the specific quantities to be estimated, as well as
being trained in using probability. Moreover, the intended use of the outcomes,
the elicitation process and the participants’ roles need to be explained.

(c) Expert elicitation—depending on the approach undertaken, this could be in the
form of a group workshop or individual interviews.

(d) Combine judgements—depending on the approach undertaken, this could be
during the group workshop through interaction or by the analyst following all
interviews.

(e) Feedback—to all experts.
(f) Documentation—participation needs to be appropriately documented, specifi-

cally which experts were involved in assessing which quantities as it would be
misleading to identify a panel of experts and the resulting assessment only.

13.3.5.2 Tactics for Sound Process Management

Providing guidance on the underpinning reasons for each activity in the process
allows the analyst tomake better informed design decisions.Hence, explication of the
process logic and the role of each activity is important because, if not, then usersmight
approach the process rather superficially through lack of detailed understanding and
so inadvertently introduce substantial variations in the elicitation outcomes.

Elicitation processes are lengthy and require the expert to concentrate for a con-
siderable length of time, which can result in compromising the level of accuracy in
the elicited probability (Shephard and Kirkwood 1994). The process design should
manage experts so that they spend a greater fraction of time on issues of greatest
uncertainty. This will avoid a common tendency of spending time on aspects of the
problem where data exist and the problem is well understood. Having experts docu-
ment and bring their written rationales to the elicitation will facilitate the clarification
of substantive issues and reduce time (Cooke and Goossens 1999).

13.3.5.3 Checking

The analyst should perform credibility checks to ensure that the probability assess-
ments provided are consistent with an expert’s beliefs. This means not only the
elicited values, but also the implications of how the analyst is interpreting the judge-
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ments by having the expert reflect both the underlying quantity of interest and also
the data that will be realised (Keeney and Von Winterfeldt 1991).

When assessing multiple quantities of interest, it is important to check for trends
across the values for each to determine if there are any indicators of anchoring and
adjustment bias (Siu et al. 2015).

It is also possible to include checks within and beyond the time frame of the
elicitation to estimate the predictive accuracy of judgemental probability assessments
of uncertainties. For example, “test” quantities of interest for which realisations will
be obtained within the time frame of the elicitation provide a means to understand
the degree to which an expert is calibrated (Anderson et al. 2015), while having a
forward-looking activity to monitor and record any realisations of the quantities of
interest enables empirical control, even if only in principle.

13.4 Comparison of Two Elicitation Processes

There are several guidance documents for elicitation processes from a variety of
professional or academic sources available in the public domain. We consider the
guidance on elicitation processes produced by the European Food Safety Authority
(EFSA) in 2014 and the Institute and Faculty of Actuaries (IFoA) in 2015. We select
these because they are examples of practice that allow us to illustrate the diversity
in application domain as well as the variation in the scope, repetitiveness and level
of process prescription. After summarising the salient elements of the guidance for
these two processes, to the level expressed by the respective documents, we compare
their characteristics in relation to those discussed in Sect. 13.3.

13.4.1 European Food Safety Authority (EFSA) Guidance

The European Food Safety Authority (2014) has developed a detailed process that
also includes procedures for expert judgement elicitationwithin a project, as shown in
Fig. 13.3. EFSA is responsible for food safety risk assessment in Europe and operates
independently of European legislative, executive institutions and EUMember States.
Hence, it is separate from risk management or policymaking. EFSA is a regulator
and so deals with expert problems or, occasionally, textbook problems (Hartley and
French 2018).

The EFSA process comprises three main phases—initiation, pre-elicitation and
elicitation—which are each managed by a different group—working, steering and
elicitation group, respectively.

The Working Group defines the problem and justifies the need for an elicitation.
This first step requires consideration of all of the relevant model parameters, and
to determine which require expert elicitation and which do not. Thus the Working
Group prepares a document of the background information.
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Risk assessment
model Limited evidence Expert knowledge

elicitation decision

Selecting the methodSelecting the expertsFraming the problem

Training Sheffield method

Cooke’s method

Delphi method

Documentation

Working group: Problem definition

Steering group: Pre-elicitation phase

Elicitation group: elicitation phase Post-elicitation phase

Fig. 13.3 Key phases of the EFSA elicitation process. (Adapted from European Food Safety
Authority 2014)

The Steering Group can be a subset of the Working Group and will comprise
scientists, experts on elicitation and administrative staff. Their remit is to plan the
elicitation process by designing the elicitation protocol. This group specifies the
questions suitable for expert elicitation, defines expert profiles and selects the experts
and elicitation method as well as the Elicitation Group. Procedures are given for
three elicitation methods: the Classical Model, which EFSA calls Cooke’s method,
Sheffield and Delphi methods which we outline below.

The Elicitation Group typically comprises one or two elicitors with additional
administrative support who are familiar and experienced with the selected elicitation
protocol. All direct contacts with the experts are made by the Elicitation Group, so
members should have a neutral position on the elicitation question. To enhance trust
and guarantee confidentiality in ambiguous or conflictive situations, the Elicitation
Group should be independent of all parties involved. This group is responsible for
executing the elicitation method as well as providing training for the experts.

The evidence dossier is a key part of the guidance to capture the evidence regarding
each quantity of interest to be elicited. Expert judgement should not differ because
experts have access to different data; difference in opinion should be due to different
expertise and interpretation of data. Therefore, data to which the experts have access
should be documented and shared. Such documentation should not be too large since
it challenges the experts in assimilating all the evidence as well as pointing out
the weakness (e.g. small sample sizes), and it can also make the expert anchor on
the provided evidence and fail to consider counter facts. The documentation should
include any new evidence submitted by experts prior to the elicitation.
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Documentation ismade public sinceEFSAupholds the three principles of repeata-
bility, transparency and confidentiality. Three types of report are produced. The result
report to summarise the findings; a technical support document to detail a full descrip-
tion of the process and its execution; and expert feedback which is a confidential
summarising the input from each expert.

Disclosing personal data that might identify individual experts with their judge-
ments is neither an objective of the process nor necessary to fulfil transparency
requirements and may discourage experts from taking part in the process or influ-
ence their responses. Participating experts are assured on the confidential treatment
of their individual answers, where reports will include who took part, what was said
but not who said it.

The Sheffield method is a behavioural aggregation method, where experts par-
ticipate in a facilitated workshop to create a subjective probability distribution for
each quantity of interest. Once the training session has been conducted, the work-
shops progress through four stages for each quantity of interest. An initial review of
evidence is followed by each expert individually assessing their judgement on the
quantity. These individual judgements are shared and discussed amongst the group.
Aspects of individuals’ distributions which are different are discussed within the
group and rationales elicited. Then the group judgement is formed as one distribu-
tion to represent the view of the rational observer. See Gosling (2018) for a detailed
description.

The version of the Delphi method included in the EFSA guidance uses pools of
experts but, to minimise adverse group effects, it restricts interpersonal interaction
by controlling the flow of information. Experts do not meet, instead they exchange
their beliefs and assessments through the facilitator. The facilitator summarises the
group’s views to the experts and invites each to revise their judgements. See European
Food Safety Authority (2014) for a detailed description.

The Classical Model is a performance-based method, where experts work with
the analyst independently and without interaction with other experts to assess the
uncertainty in the unknown quantity of interest aswell as for other variables forwhich
the answer is known to the analyst but not the expert, known as seed questions. Seed
questions provide an opportunity of assessing the quality of the responses provided
by the experts. See Cooke (1991), Quigley et al. (2018) for more details.

13.4.2 Institute and Faculty of Actuaries (IFoA) Working
Paper

The IFoA is the only UK chartered professional body dedicated to educating, devel-
oping and regulating actuaries based both in the UK and internationally. Actuaries
serve the public interest by conducting analysis where there is uncertainty of future
financial outcomes. Solvency II is an EU Directive that came into effect on 1 Jan-
uary 2016 and primarily concerns the risk of insolvency of EU insurance compa-
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nies. The associated judgement by actuaries in applying the principles of Solvency II
prompted aworking party for the IFoA to present a paper providing a practical frame-
work regarding expert judgement processes, including their validation, for repeated
assessment of risk (Ashcroft et al. 2016). The views expressed in the publication are
not necessarily those of the IFoA.

A key motivation for the paper was a lack of transparency on the use of expert
judgement within the profession, which is one where judgements have significant
impacts on risk assessments and subsequent decisions taken. The authors consider
knowledge to be socially constructed so that common judgement can be created
through mediation of experiences and ideas. As such, their process is designed to
facilitate the pooling of experience and ideas, and not necessarily in consensus.

What we shall label as the IFoA process has five key stages, as shown in Fig. 13.4,
and which we discuss below.

First, there is a preliminary assessment to determine whether a formal expert
judgement process is relevant. This involves considering whether the nature of the
judgement is within the scope of an expert judgement process.

Second, the problem is defined. The problem is articulated and its scope is defined.
The current level of understanding of the problem is determined to develop an expert
brief. Terminology should be made clear to ensure a consistent interpretation of the
problem, which is especially important if using external experts. Potential experts

Preliminary
Assessment
of Judgement

Ongoing
Monitoring

Decision
Making

Elicitation
of Expertise

Define the
Problem

Fig. 13.4 Key stages of IFoA elicitation process. (Adapted from Ashcroft et al. 2016)
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are identified, and an initial plausible range of the values of the quantity of interest
are assessed.

Third, elicitation of expertise is designed and conducted. The method for elicita-
tion is chosen and will depend upon the nature and importance of the problem; this
will include the methods for both encoding the quantities of interest and for com-
bining the views across experts. Documentation is required to describe the available
data, assumptions, principles, methodologies and models applied in arriving at a
recommendation and on any potential limitations.

Fourth is the decision-making. The decision-makers should review all informa-
tion (which might include confidential data not known to the experts) and expert
judgements to ensure consistency. Decision-makers should set out their thought pro-
cess clearly, explicating how they are making use of the expert judgement, making
clear how they weight the relative importance of information and identify triggers for
non-scheduled reviews. This practice is intended to help facilitate a multi-layer gov-
ernance structure through transparency. A final decision on the judgemental assess-
ment of the quantity of interest is recommended; an overall plausible range, and a
summary of the rationale for this, should be communicated back to the experts. This
provides an opportunity to flag any serious concerns they may have and which can
then be fed back to the decision-makers.

Fifth, there is on-going monitoring. A robust system should be created to monitor
the validity of the probability assessment, reflecting on scope of its application,
appropriateness of assumptions and triggers for review.

13.4.3 Comparison

The guidance provided by EFSA and the paper from the IFoA naturally differs due
to the distinct nature of the problems addressed by the two organisations. EFSA has
developedmore detailed guidelines alignedwith their own organisational need, while
IFoAprovides higher level guidance to be used by various insurance companies. Con-
ceptually, the processes advocated by both organisations have elements in common,
such as problem structuring, an initial evaluation and probability assessment. Since
the nature of the problem addressed by the IFoA is on-going, it explicitly continues
monitoring after the initial probability assessment, unlike EFSA which assumes a
one-off project.

We now compare the two documents in relation to the characteristics of an elici-
tation process identified in Sect. 13.3.

Principles: Neither process explicitly contradicts any of the principles, but each
document supports the principles in varying degrees. Both processes include detailed
discussion on documentation and governance. Both allow for processes where expert
assessment could be falsifiable with further data; this is either explicitly stated as a
goal or implicit in the construction of the elicitation question. The EFSA guidance
explicitly states neutrality as a required feature of an elicitation process but how
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this is ensured is not stated, while the IFoA only mentions the need to manage bias.
Fairness is implicit in both processes.

Purpose: Both documents provide a clear statement of purpose. The IFoA has devel-
oped guidance for a specific purpose, while EFSA has developed guidance for use
in a variety of projects within their remit. EFSA has more clearly identified groups
with associated responsibilities of the process. The IFoA acknowledges that multi-
layer governance structure may vary by institution. Both emphasise the needs for
documentation of the elicitation process.

Observable quantity of interest: The EFSA guidance explicitly requires quantities
of interest to be observable in principle, whereas the IFoA does not mention this.

Selection of quantity of interest: Both processes advise on the use of data as well
as consider an initial assessment of the uncertainty associated with the quantities
of interest. These can then be used in a sensitivity analysis prior to conducting
the subjective probability assessment by informing prioritisation of the variables to
quantify.

Method of encoding: Only the EFSA process explicitly provides guidance on prob-
ability distribution fitting with appropriate checks in place and that non-parametric
approaches are also available.

Classes of participants: While the EFSA elicitation of the expert’s judgement is led
by what they term an elicitor, the IFoA considers various formal roles that need
to be fulfilled such as the decision-maker, coordinator and validator in addition to
the expert. They differentiate between internal and external experts depending upon
whether the expert works for the organisation making the risk assessment.

Managed experts: The IFoA process does not provide detailed guidance on the
approach to managing groups of experts to the same extent as the EFSA process. The
IFoA suggests one may use Delphi or Nominal Group Technique but provides no
guidance on the management of interaction. In contrast, the EFSA guidance provides
choice depending on whether or not interaction is desired.

Expert training and learning: Both processes acknowledge that some experts will
require training in expressing subjective probabilities as well as explicitly requiring
that expert feedback is given. However, the nature of the assessments being made
implies that meaningful feedback on the predicted assessments is not considered.

Core process activities: Only the EFSA process provides guidance at the level of
detail described in Sect. 13.3.5.1.

Tactics for process management: EFSA provides guidance on identifying and man-
aging elicitation fatigue by experts, while the IFoA advises on efficient structuring
the elicitation questions to address this issue.

Checking: Both processes provide guidance on feedback to experts as well as vali-
dation of their probability assessments. The IFoA process only requires that this be
documented but it does not provide guidance on how to validate expert judgement,
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whereas the EFSA process states that “validation requires eliciting uncertainty on
variables whose true values will be known within the time frame of the study” (p.
159 European Food Safety Authority 2014).

13.5 The Value of an Elicitation Process Standard?

Following our comparison of practical guidance, and in light of our abstraction of
issues emergent from the literature, we now explore whether it is meaningful to
characterise a standard process for elicitation.

Standards represent a voluntary acceptance of the rules. Interestingly, the creation
of international standardisation bodies, such as ISO, is grounded in the need to answer
the question “what is the best way of doing this?”1

The UK national standard body, BSI, identifies three important general drivers for
the creation of standards: First, that a standard represents “an agreed way of doing
something”. Second, that a standard is “the distilled wisdom of people with expertise
in their subject matter and who know the needs of the organisations they represent”.
Thirdly, the “point of a standard is to provide a reliable basis for people to share the
same expectations about a …” process. See BSI (2018).

We can frame such drivers as the characteristics of a process (or service or product
or technology and so on) that has reached sufficient maturity to be standardised.
Specifically, we ask whether elicitation processes for the assessment of uncertainty
in a quantity of interest have reached such maturity that standardisation would be
valuable, and if yes, then how this might be achieved?

We have compiled a set of characteristics of a good elicitation process that are
recognised in the literature and correspond to features of an elicitation process that
embrace, but also extend beyond, the core scientific principles of Cooke (1991). Fur-
ther, we have examined the pivotal role of the SRI process in providing a genesis for
later, more bespoke elicitation processes. While the latter might emphasise distinct
process elements, this might partly be a function of, for example, the distinct purpose
of the process in the wider modelling context, the disciplinary bias of the process
or method creator and the problem domain in which the process might be applied.
By tracing the relationships between features of the leading modern elicitation pro-
cesses and the SRI in relation to the characteristics of a good elicitation process, we
have shown that there is indeed considerable agreement in the way to approach the
development of a good elicitation process.

There already exist many guidance documents for elicitation processes and pro-
cedures. We have only examined two. Both the EFSA and the IFoA documents are
grounded in the wisdom of people with expertise in designing and implementing
elicitation exercises as well as experience in understanding the needs of the organ-
isation(s) who will use the elicitation in context. The coverage of such guidance
is a function of the scope of the elicitation and the selection of people who have

1https://www.iso.org/benefits-of-standards.html [accessed on 20 December 2018].

https://www.iso.org/benefits-of-standards.html
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contributed authorship. The process of creating the guidance documents, of course,
will influence the content. Given that there is no guidance yet created by professional
standardisation bodies, with all the balances and checks that they deploy in recruiting
experts and consensus-forming practices, any elicitation guidance currently in the
public domain is subject to the manner in which the commissioning body has pro-
cured the guidance, although, having said that, in commissioning guidance there is
an implicit intent to provide a reliable basis for people to share the same expectations
about the elicitation process.

Following this line of argument, it appears that elicitation processes have reached a
state of maturity generally associated with standard creation. Specifically, following
Swann and Lambert (2017), we class an elicitation standard as primarily informative
because they codify process knowledge. This is in contrast to standards that might be
classed as primarily constraining, such as health and safety. But, even if the intent is
to codify and share knowledge to enhance best practice, what are the pros and cons
of elicitation process standards? Table13.1 summarises some key points which we
believe are important.

There exist other established standards which achieve the same goals of guiding
users in developing, implementing and documenting processes that we might seek
to achieve with an elicitation standard. If required by regulation or by contract then
such standards can also offer protection to users. Given the recent legal consequences
arising in relation to the use of expert assessments of uncertainty as discussed in our
Introduction, this aspect might be particularly relevant and novel for elicitation.

There are, of course, mitigations that might help to remove or to reduce the effects
of the negative aspects of a standard. For example, much research has been conducted
in the relationship between standards and innovation more generally (Blind 2013)
with some lessons being applicable for elicitation. Findings show that informative
standards can enable, rather than inhibit, innovation within the user organisations
given the sharing of codified knowledge. However, the mechanisms for maintaining
standards through a formal review and revision process is required to ensure up-
to-date guidance. While official standards bodies are empowered to provide such
infrastructure, it is not always evident that it occurs within all specific domain bodies.
A common concern with standards is that users treat process guidance as a defined
procedure rather than think meaningfully about the translation of a process guidance
to the specific context. Already elicitation guidance documents have been crafted

Table 13.1 Pros and cons of a standard elicitation process

Pros Cons

Enhance the craft for those process elements
that can be identified a priori

Constrain process innovation to embrace new
elicitation knowledge

Increase rigour of process implementation and
reduce susceptibility to poor practice

Limit responsibility of the user to think deeply
about the specific elicitation

Provide protection to process participants Make process accessible to poor facilitators
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to support better thinking rather than to supplant thinking. However, crafting such
guidance is challenging especially if approached at a more general level. As for
other process standards, providing guidance on making choices about key activities,
such as the selection and definition of the quantities of interest, can be more difficult
than giving advice on standard components of documentation, simply because the
former is so contingent on the complexity of the modelling problem while the latter
is relatively transferrable between applications.

At present, the prevalence of domain elicitation guidance implies that choice of
process facilitator is within the control of the commissioning organisations. If there is
an elicitation standard, then there may be a growth in the facilitator market meaning
less reliance on a smaller pool of knowledgeable facilitators who have earned trust.
Creating some form of elicitation facilitator certification might mitigate this risk.

The suggested mitigations tend to rely upon the formalities of a recognised body
with responsibility for producing standards as documents established by consensual
process. Such bodies already provide standards in other areas of data collection
scoped to interface with user needs. There are reduced degrees of standardisation
in that recognised bodies also provide technical reports which do allow for sharing
of codified knowledge that is informative only. An official standard will contain
normative as well as informative text. There is increasing attention to open standards
(Maxwell 2006) which are a means to give users permission to use “technology”
freely without the involvement of a recognised body in the creation of the standard.

We have established that the practice of elicitation process design and implemen-
tation has reached a degree ofmaturity that allows standard codification of knowledge
and we have explored some options regarding creation of a standard for a process
for eliciting subjective probability assessments. However, we leave it to the reader to
decidewhether creating such a standard for an elicitation process would be a valuable
endeavour and if, so, in what form.

13.6 Concluding Discussion

We have examined the characteristics of a sound process to elicit judgement to
ensure good quality of data to inform decision-making under uncertainty. Even in
the contemporary digital world, there is continued need for subjective probability
assessments for problems where observed data are non-existent or limited, as well
as in situations where observed data are abundant since the relevance of the past to
the future need to be assessed with expertise. By exploring the evolution of elicita-
tion processes temporally and across a variety of distinctive problem domains, we
have synthesised the characteristics underpinning a good elicitation process—these
encompass the probabilistic as well as people aspects of developing a process that
aligns with the problem purpose. Such characteristics, and their illustration for elic-
itation guides produced by two professional organisations, provide a collection of
attributes to which a good elicitation should aspire as well as some practical pitfalls
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to beware. Our goal has been to highlight elicitation process characteristics that are
sufficiently general to be widely applicable.

A defensible elicitation process can provide protection to those accountable for
the consequences of the determined actions. Appropriate levels of accountability
can increase trust in risk information (Frewer et al. 1996). The Cambridge dictionary
defines accountability as

a situation in which someone is responsible for things that happen and can give a satisfactory
reason for them

and responsible as

to have control and authority over something or someone and the duty of taking care of it,
him, or her.

As such, a sound elicitation process should produce a satisfactory reason for its
results for the person with the duty of care. How satisfactory the reason provided
for the subjective probability judgements will depend upon the problem and the
associated stakeholders, so guidance will vary in detail across domains. Puig et al.
(2018) highlight that a lack of accountability mechanisms are in place to ensure
national governments rely on scientifically sound processes for the appropriateness
of their forecasting. However, while important, the responsibility does not just rest
with the end user. Since some elicitation processes will involve assessing multiple
uncertainties by various experts, ensuring each participant is clear about their role in
the process should produce accountability; each participant has a responsibility for
their contribution. The L’Aquila tragedy, discussed in the Introduction, led to experts
being initially held accountable for poor practice and superficial analysis. Of course,
a sound process does not guarantee immunity from criticism as other factors will
play a role in this social process. For example, Pidgeon (1997) argues that

despite the inherent complexity and ambiguity of the environments within which large-scale
hazards arise and the systemic nature of breakdowns in safety, cultural myths of control over
affairs ensure that a culprit must be found after a disaster or crisis has unfolded.

So the responsible should have their reason prepared.
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