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A route to more tractable expert advice

There are mathematically advanced ways to weigh and pool scientific advice. They should be used
more to quantify uncertainty and improve decision-making, says Willy Aspinall.

hen a volcano became restless
on the small, populated island of
Montserrat, West Indies, in 1995,

there was debate among scientists: did the
bursts of steam and ash presage an explosive
and deadly eruption, or would the outcome
be more benign? Authorities on the island, a
British overseas territory, needed advice to
determine warning levels, and whether travel
restrictions and evacuations were needed. The
British government asked me, as an independ-
ent volcanologist, to help reconcile differing
views within the group.

As it happened, I had experience not only
with the region’s volcanoes, but also with a
unique way of compiling scientific advice in
the face of uncertainty: the Cooke method of
‘expert elicitation’ This method weighs the
opinion of each expert on the basis of his or
her knowledge and ability to judge relevant
uncertainties'. The approach isn’t perfect.
But it can produce a ‘rational consensus’ for
many hard-to-assess risks, from earthquake
hazards to the probable lethal dose of a poison
or the acceptable limits of an air pollutant. For
broader questions with many unknowns —
such as what the climate will be like in 50 years
— the method can tackle small specifics of the
larger question, and identify gaps in knowledge
or expose significant disparities of opinion.

As a group, myself and ten other volcan-
ologists decided to trial this methodology,
making it the first time a formal elicitation
procedure was used in a live volcanic crisis.
We were able to provide useful guidance to the
authorities, such as the percentage chance of a
violent explosion, as quickly as within an hour
or two. Without these prompt forecasts, more
lives may have been put at risk’. More than
14 years on, volcano management in Montser-
rat stands as the longest-running application of
the Cooke method.

Faced with uncertainty, decision-makers
invariably seek agreement or unambiguous con-
sensus from experts. But it is not reasonable to
expect total consensus when tackling difficult-
to-predict problems such as volcanic eruptions.
The method’s originator Roger Cooke, now at
Resources for the Future, a think tank in Wash-
ington DC, says that when scientists disagree,
any attempt to impose agreement will “promote
confusion between consensus and certainty”.
The goal should be to quantify uncertainty, not
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to remove it from the decision process.

Of the many ways of gathering advice from
experts, the Cooke method is, in my view, the
most effective when data are sparse, unreliable
or unobtainable.

Rational consensus
Advice during an emergency is usually the
responsibility of a chief scientist, with all the
stresses that involves — including the pressure
to be extremely cautious. There is a better way:
pooling the opinions of a group of specialists.

There are several methods of such expert
elicitation, each with flaws. The traditional
committee still rules in many areas — a slow,
deliberative process that gathers a wide range
of opinions. This has parallels with the scien-
tific process itself. But committees traditionally
give all experts equal weight (one person, one
vote). This assumes that experts are equally
informed, equally proficient and free of bias.
These assumptions are generally not justified.

Another kind of elicitation — the Delphi
method — was developed in the 1950s and
1960s. It was used in the early 1970s to try to
predict the impact of rising oil prices on the US
economy, and more recently to identify the top
20 research priorities in chronic health prob-
lems for the Grand Challenges in Global Health
programme. This involves getting ‘position
statements’ from individual experts, circulating
these, and allowing the experts to adjust their
own opinions over multiple
rounds. What often happens
is that participants revise
their views in the direction
of the supposed ‘leading’
experts, rather than in the
direction of the strongest
arguments. Another, more recent elicita-
tion method recommended by the US Senior
Seismic Hazard Analysis Committee involves
asking each participating expert to predict
the range of uncertainty estimates of any and
every person in the field. This creates a huge
spread of overall uncertainty, and sometimes
physically implausible results: it once implied
higher earthquake risk in Switzerland than in
California. Taking a precautionary approach
to guard against such implausible worst-case
scenarios does not provide a rational basis for
workable, effective policies.

Cooke’s method, developed in 1991 at

“The goal should be to
quantify uncertainty,
not to remove it from

the decision process.”

the Delft University of Technology in the
Netherlands with his colleagues, instead pro-
duces a ‘rational consensus. To see how this
works, take as an example an elicitation I con-
ducted in 2003, to estimate the strength of
the thousands of small, old earth dams in the
United Kingdom. Acting as facilitator, I first
organized a discussion between a group of
selected experts about how water can leak into
the cores of such ageing dams, leading to fail-
ure. The experts were then asked individually to
give their own opinion of the time-to-failure in
a specific type of dam, once such leakage starts.
They answered with both a best estimate and a
‘credible interval, for which they thought there
was only a 10% chance that the true answer was
higher or lower.

I also asked each expert a set of eleven ‘seed
questions, for which answers are known, so
that their proficiency could be calibrated. One
seed question, for example, asked about the
observed time-to-failure of the Teton Dam
in Idaho in June 1976. Again the specialists
answered with a best estimate and a credible
interval. Their performance on these seed
questions was used to ‘weight’ their opinion,
and these weighted opinions were pooled to
provide a ‘rational consensus’ (see Fig. 1).

For the UK dams, the performance-
weighted solution indicated a best estimate
of time-to-failure of 1,665 hours (70 days) —
much higher than if all of the answers were
pooled with equal weights
(6.5 days). As is often the
case, several experts were
very sure of their judgement
and provided very narrow
uncertainty ranges. But the
more cautious experts with
longer time estimates and wider uncertainty
ranges did better on the seed questions, so
their answers were weighted more heavily.
Their views would probably have been poorly
represented if the decision had rested on a
group discussion in which charismatic, con-
fident personalities might carry the day. Self-
confidence is not a good predictor of expert
performance, and, interestingly, neither is
scientific prestige and reputation’.

The Cooke method generally produces
uncertainty spreads that are narrower than
the ‘democratic’ pooling approaches, but wider
than those provided by single experts.
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THE COOKE METHOD

Estimating how long an old earth dam can withstand a leak.
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Figure 1| Estimates from 11 experts of the time-to-failure of an earth dam, once the core starts to leak.
The performance-weighted best judgement is about 70 days — much longer than the equal-weights

solution of about a week.

The speed with which such elicitations can
be conducted is one of their advantages. The
lethality of three biological agents was assessed
and quantified in a two-day elicitation, with a
few days of preparatory work. Another advan-
tage is that it encourages experts wary of get-
ting involved in policy advice: the structured,
neutral procedure, and the collective nature of
the result, reassures experts and relieves them
of the burden of sole responsibility.

The facilitator needs to be impartial and able
to deal with differences of opinion with tact,
to prevent individual experts from hijacking
the debate, and to avoid other pitfalls, such as
asking misconstrued or leading questions, or
prompting the experts. At the same time, he
or she needs to keep all the participants fully
engaged and focused.

Two tribes
Sometimes an elicitation reveals two camps of
opinion, as was the case with the dam-failure
example. This usually arises from ambiguity
in framing the problem or because the two
sub-groups have subtly different backgrounds.
In this case, a few of the experts with longer
time-to-failure estimates were working engi-
neers with practical experience, rather than
academics. Highlighting such clear differences
is useful; sometimes it reveals errors or misun-
derstandings in one of the groups. In this case
it triggered further investigation.

Structured elicitations have been used for

difficult regulatory decisions, such as formu-
lating US Nuclear Regulatory Commission
guidelines on the safety of nuclear materials and
technologies. The US Environment Protection
Agency has formed a task force to recommend
ways of using expert elicitations in regulatory
issues whenever data are sparse, such as decid-
ing dose criteria for air-quality standards. It has
also been suggested that the Intergovernmental
Panel on Climate Change use expert elicitations
to ensure that areas of uncertainty poorly cap-
tured by models are better represented, such as
whether the Greenland ice cap might melt".

The Cooke approach is starting to take root
in similar problem areas, including climate-
change impacts on fisheries, invasive-species
threats and medical risks. In Canada,
policy-makers considering the risks of variant
Creutzfeldt-Jakob Disease infection through
contaminated blood supplies are utilising
scientific advice from a Cooke elicitation. Par-
ticipants found the elicitation “extremely use-
ful”, and suggested that it would be helpful in
assessing other public-health issues, including
pandemic flu and vaccination risks”.

There are still research questions to answer
if performance-based expert elicitation is to be
used more widely. The selection and number
of experts need careful thought. The ‘problem
owner’ may want a panel to be as impartial as
possible to prevent accusations of bias, or they
may restrict the selection to company employ-
ees to ensure confidentiality and relevance. My

experience with more than 20 panels suggests
that 8-15 experts is a viable number — getting
more together will not change findings signifi-
cantly, but will incur extra expense and time.
However, this has not been rigorously tested.
We also need more information on what makes
good seed questions.

Perhaps the biggest challenge facing wider
adoption of structured expert elicitations lies in
communicating the resulting scientific uncer-
tainty to policy-makers. Politicians, being averse
to ambiguity in their solicited advice, do not like
it when expert elicitations produce wide mar-
gins of uncertainty. ‘Better’ information from an
expert perspective — more complete in quan-
tifying uncertainty, but more complex overall
— may confound some decision-makers rather
than promoting better choices. Improvements
in capturing uncertainty must be matched with
improvements in communication. Fortunately,
studies suggest that most decision-makers
welcome more information, not less, especially
if presented in context, alongside training in
uncertainty concepts‘s.

Uncertainty in science is unavoidable and
throws up many challenges. On one side, you
may have scientists reluctant to offer their
opinions on important societal topics. On the
other, you may have decision-makers who
ignore uncertainty because they fear under-
mining public confidence or opening regula-
tions to legal challenges. The Cooke approach
can bridge these two positions. It is most useful
when there is no other sensible way to make
risk-based decisions — apart from resorting
to the precautionary principle, or, even less
helpfully, evading an answer by agreeing to
disagree. |
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