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“for about 7 minutes” on
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and to do it with 5 slides.

I’ll stick to the 7-minute time constraint but violate the 5-slide constraint.
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Here I1s a standard framework for
risk analysis
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If you would like, later we can come back to talk more about these several parts
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But, let’s focus on just a few issues,
starting with these first two boxes
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Where do we get the probabilities?

From available data whenever possible...

from expert judgment when those
data do not exist...

® CrossMark
Pt

. PERSPECTIVE

Use (and abuse) of expert elicitation in
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The elicitation of scientific and technical judgments , in the form of can be a valuable addition
10 other forms of evidence in support of public policy decision making. This paper explores when it is sensible to perform such elicitation and
how that can best be done. A number of key issues are discussed, including topics on which there are, and are not, experts who have
knowledge that provides a basis for maki the i litative uncertainty language; the
ole of cognitive heuristics and of overconfidence; the choice of experts; the development, reflnemem and iterative testing of elicitation
protocols that are designed to help experts to all relevant they make their judgments; the treatment
of uncertainty about model functional form; diversity of expert opinion; and when it does or does not make sense to combine judgments from
different experts. Although it may be tempting to view expert elicitation as a low-cost, low-effort alternative to conducting serious research
and analysis, it is neither. Rather, expert elicitation should build on and use the best available research and analysis and be undertaken only

...and, if there aren’t any real experts,
and/or the specific evidence Is so poor

that eliciting experts is not a defensible
strategy, using order of magnitude and
bounding analysis.

The Neglected Art of Bounding Analysis

Environmental Science & Technology
April 1, 2001 / Volume 35, Issue 7/ pp 162 A — 164 A.
M. GRANGER MORGAN

Are the answers provided by today's detailed risk analyses reasonable? Is
valued insight being overlooked as a result of analysts' focus on the intimate
details of environmental problems? If so, what can we do about this?

Environmental risk analysis has fallen into a standard front-to-back mode of operation:
Estimate the magnitude and pattern of releases of the pollutants of concern; model their
transport and transformation through the environment; estimate the location and
physiological state of people, animals, and plants and the exposures they will receive;
apply dose-response functions; and estimate the resulting impacts.

All of this makes perfect sense if the relevant science is pretty well known and good data
are available on factors such as the behaviors of the populations at risk. However, in
practice, the science is often highly uncertain. The release rates may not be known with
precision. There is often great uncertainty about transport and transformation processes.
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when, given those, the state of knowledge will remain insufficient to support timely informed assessment and decision making.

Society often calls on experts for advice that
requires judgments that go beyond well-estab-
lished knowledge. In providing such judgments,
itis common practice to use simulation models,
engineering-economic assessment, and similar
tools. Although such analytical strategies can
provide valuable insight, they can never hope
to include all relevant factors. In such situations,
the community of applied decision analysis has
long used quantitative expert judgments in the
form of subjective probabilty distributions that
have been licited from relevant experts. Most
such applications have been undertaken in sup-
port of decisions being made by private parties
(1-4). Sometimes the resulting distributions are
used directly, and sometimes they are fitted to
formal functions and used in various Bayesian
decision models (2, 5).

“The use of expert elictation in public sector
decision making has been less common. Several
studies have explored issues such as the health
impacts of fine partice air pollution (6-12) and
of lead pollution (13), the likely nature and ex-
tent of climate change (14-16), the various
impacts that may result from climate change
(17, 18), herbicide-tolerant oilseed crops (19),
and the likely cost and performance of various
energy technologies (20-24). The Environmental
Protection Agency (EPA) has begun to make use
of clicitation methods to address uncertain issues
in environmental science (25), and those who
work in both the Department of Energy and
the Food and Drug Administration (FDA) have
expressed interest in possibly using the method.

Done wel, expert elictation can make a valu-
able contribution to informed decision making.
Done poorly it can lead to useless or even
misleading results that lead decision makers

astray, alienate experts, and wrongly discredit
the entire approach. In what follows, T draw on
relevant literature and 35 y of personal experi-
ence in designing and conducting substantively
detailed expert clicitations, to suggest when
it does and does not make sense to perform
elicitations, how they should be designed and
conducted, and how T believe the results should
and should not be used. In contrast to much of
the literature in Bayesian decision-making and
applied decision analysis, my focus is on
developing detailed descriptions of the state
of understanding in some field of science or
technology.

First, Are There Any Experts?

To conduct an expert elicitation, there must be
experts whose knowledge can support informed
judgment and prediction about the issucs of
interest. There are many topics about which
people have extensive knowledge that provides
little or no basis for making informed predictive
judgments. For example, the further one moves
away from questions whose answers involve
matters of fact that are largely dependent on
empirical natural or social science and well-
validated models into realms in which individual
and social behavior determine the outcomes of
interest, the more one should ask whether ex-
pertise, with predictive capability, exists. For
example, given a specified time series of future
radiative forcing and other relevant physical
variables, in my view, it is reasonable to ask
climate scientists to make probabilistic judg-
ments about average global temperature 150 y
in the future. T am far less persuaded that it
makes sense to ask “experts” questions that
entail an assessment of how the stock market,
or the price of natural gas will evolve over the
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next 25y, or what the value of gross world
product will be 150 y in the future.

The Interpretation of Probability
A subjectivist or Bayesian interpretation of
probability (5, 26-28) is used when one makes
subjective probabilistic assessments of the
present or future value of uncertain quantities,
the state of the world, or the nature of the pro-
cesses that govern the world. In such situations,
probability is viewed as a statement of an indi-
vidual's belie, informed by all formal and in-
formal evidence that he or she has available.
Although subjective, such judgments cannot
be arbitrary. They must conform to the laws
of probability. Further, when large quantities
of evidence are available on identical repeated
events, one’s subjective probability should con-
verge to the chisical frequentist interpretation
of probability.

Partly as a result of their different training
and professional cultures, different groups of
experts display different views about the ap-
propriateness of making subjective probabilistic
judgments, and have different levels of willing-
ness to make such judgments. Although every
natural scientist and engineer I have ever inter-
viewed seemed to think naturally in terms of
subjective probabilities, others, such as some
experts in the health sciences, have been far
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When uncertainty is high, and
consequences could be serious, we
should exercise caution

Journal of Risk Research § (4), 391-417 (2002) S ilishing
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Abstract

A decision-analytic model for avoiding a risky activity is pr ted. The model id,

the benefit and cost of avoiding the activity, the probability that the activity is unsafe,
and scientific tests or studies that could be conducted to revise the probability that the
activity is unsafe. For a single decision maker, thresholds are identified for his or her
current subjective probability that the activity is unsafe. These thresholds indicate
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whether the preferred course of action is avoiding the activity without further study,
engaging in the activity without further study, or conducting a test or research
programme to obtain additional information and following the result. When these
thresholds are low, p i y action is more likely to be warranted. When there
are multiple stakeholders, differences in their perceptions of the benefit and cost of
avoid and diffi in their perceptions of the accuracy of the additional infor-
mation provided by the test or research programme combine to create differences in
their decision thresholds. Thus, the model allows for the rational expression of differ-
ences among parties in a way that highlights disagreements and possible paths to conflict
resolution. The model is illustrated with an application to ph itary standards in

irical h on lay pereep

international trade and examined in terms of recent
tions of risks, benefits, and trust. Further research is suggested to improve the elicitation
of model components, as a way of fostering the legitimate application of risk-based

ysis in p y policy

KEY WORDS: decision analysis, precautionary principle, risk, standard of proof,
threshold, trust

1. Introduction

Risk-based decision analysis provides a structured framework for making rational deci-
sions when outcomes are uncertain. It does so by considering altermative actions
intended to enhance benefits or avoid or mitigate losses, the possible outcomes asso-
ciated with each of these actions, and the probabilities and relative desirabilities of
these outcomes. It can also be used to evaluate options for reducing the uncertainty
surrounding the probabilities and magnitudes of possible outcomes through diagnostic
tests or additional research.

For many proposed activities, such as the introduction of a new drug, the adminis-
tration of growth hormones to beef cattle, or the incineration of municipal or industrial
waste, a clear set of benefits can be anticipated by those who support the action (though
the value, allocation, and sustainability of these benefits may be subject to controversy).
However, the risks associated with these programmes, should ‘things not go as planned,’
are usually much more uncertain. This is often the case when risks arise from low-
probability, high-consequence events and processes within complex systems, such as
those involving human health, ecology, and sociocultural institutions. The complexity
and low probability of these effects can make it very difficult to assess and reduce the
resulting uncertainty — so much so that some believe that problems of this type strain
the capabilities of risk-based decision analysis.

Such concerns are part of the motivation for precautionary approaches that would
substitute highly protective decision rules for the calculus and tradeoffs of risk-based
decision making. In a classic paper, Page (1978) offered a characterization of the type
of risk for which support for precautionary approaches is most likely to arise. Page
described the (still) emerging set of technological, health, and environmental risks
for which:

e there is an ignorance of mechanism — so that our knowledge of the physical
processes that determine the likelihood and magnitude of the risk is poor




An example of overconfidence

Elicited cumulative distribution functions of the likely
future costs of photovoltaic technology in 2030 obtained
from seven energy experts in 2009-10.
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Image from: Savage, T., Davis, A., Fischhoff, B., & Morgan, M. G. (2021). A strategy to improve expert
technology forecasts. Proceedings of the National Academy of Sciences, 118(21), e2021558118.



Overconfidence is
Ubiquitous
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value
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Percentage of estimates in which the true value lay outside
of the respondent’s assessed 98% confidence interval.

In 21 different studies involving over 10,000 assessment questions people
were asked to assess 98% confidence intervals in a variety of judgments.

This histogram reports that value of the "surprise index,” fractionn of the time
answer lies outside the assessed 98% confidence interval (ideal value = 2%)

These results indicate clearly the ubiquitous tendency to overconfidence (i.e.,
assessed probabilities that are too narrow). A more detailed summary is
provided in Morgan and Henrion, Uncertainty, Cambridge, 1990.



One more example for experts
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Published estimates of the speed of light. The light gray boxes that
start in 1930 are the recommended values from the particle physics group that
presumably include an effort to consider uncertainty arising from systematic error.
Note that for over two decades the reported confidence intervals on these
recommended values did not include the present best-measured value. Henrion
and Fischhoff (1986), from which this figure is combined and redrawn, report that
the same overconfidence is observed in the recommended values of a number of
other physical constants.



A few issues involving the next two boxes

Natural
processes

Exposure of
objects and
processes in the
natural and human
environment to the
possibility of

Effects on
objects and
processes i

the natural and

human

environment

n
Human
perceptions of
exposures and
of effects

change
The natural ironment \
Human Human Costs
Exposure y rEg:gt:e s perception—Y | yajuation an
processes P processes processes benefits

Baruch Fisch

Bostro

-

-~
fanger Morgan

ff

‘

)

The sciences of science communication

Baruch Fischhoff"

Pisburgh, PA 152133890

19,2012)

¢ mixed emotions may accompany phenomena that
arie from the confluence o technology and socity. How i it

that b

results that an audience needs to know, from among all of the

taten them wih :yhcmmh et produe s foch lllpply

‘undermines the health of some people,

channels needed for trustworthy communications. This overview
i don scences and their

10 make
informed decisions ahout hese isucs. ’lnm: incude printe

ided:

docilon making | enironment | judgment | sk | uncertainty
eed sience for many things, the most profound of which
reted a mpley: For me,one o omenis was a5 an un-
at Wayne State Universiy,

yihen Pro. (oncph) Vit coples te g of e Mt

pmm o e o) ot At mome, 1 et

ol treated with bovine growth hormone—not known to cause
th ffects.” And they nclude publi decisions,such as whether

the risks of medical devices, or vote for referend limiting agri-

ol boechnoloy
science communications inform people about the

X

them (0 make sound

choios. ive
communication cannot guarantee that people will agree about
hat those choioe shouk be- Reasonsbic people may disagree

expecting

b
ot Who Owns Me (1) and geiting some insight
into how our white-crested cockatoo, Big Bird, appeared 1o have

been offered fair compensation for having a hazardous facilty

ago (even i he was bom on Pitsburgh's South Side). A third was
son Tya,
10 take out our lawn and let our yard go feral with native Penn.
sylvania flora—ate which he taught us how to observe the sea-
N 10 days earh

next decade? the next century?), about whose welfare matters
(i own? thi iy ther counky ol maniy's7, ox

it outeomes (arc ey b wered et e ey cding
ure ighis?). e

i
7t a5 usual. Was it  sign of climate change—or of my ovn -
proved powers of observation'

better disagreements. If that communication affords people a
shared undersanding o the facs, then heycanfocus on value

world but alofrom showing tat the world can be reveald. For

ey ki 3 e it oy recars b,
just to see how science is done, They may discover that they love
the e, inclucin the camaradereof the grachate studnts and
postdocs who are the engines of much scince. O, they may find
thecomint ! fssing e detals o be gy i 0
fobbes, applicd 10 ar-

L\\uMl\y) and then choose 10 gt thlr sience fom placs ke
Vova, Fronilne, the New York Times, and Wired. Either way,they

generations, or ralissuesin a specific
ot pocm, Howeven plaie ted shene fo dkcuming vl
fsues. Otherwise, those issues will percolate into discussions of
e ). For cample,  heh s e gl stadig i
decision, but compensation does not, then local
plrmipoe o madteg eyeshogicdeiped

for other concens (3).
Because science communication secks 10 inform_decis
maling i mustbegin by ltenng 0 i adince, o ety he

10 get o the bottom of things, knowing that one never wil.
Decisions That Require Understanding Science

‘Nucear

tignore i,

ower, 5, geo-
engincering, and xcmvlmn»‘lhm on are just a fow of kmﬂ
realities that we been impossible, even inconcei
St advanetn Ther very cxistence should be 4
evoke a sens

without

of terror (“we can do that?!").

s g0 107 s 213273110

e o dcres i cofics of e,

PUAS | August 20,2013 | vo 10 | s 3 | MaR3-1a3s

John D. Steinbruner




Before his untimely death, security expert
John Steinbruner and colleagues...

...worked on managing the risks
posed by synthetic biology. That
work focused on biology that
entailed risks that are much more
immediate, and presumably larger,
than those we are considering
today.

BUT, one key contribution from
their work was a set of arguments
about the importance of being
open and transparent about the
research.

The Protective Oversight of Highly Consequential Biological
Research
John Steinbruncr
University of Maryland

Prepared for the Biosafety Parallel Session
Intenational High-Level Forum on Biocconomy
Beijing, China
September 14~ 16, 2005

The fundamental problem of biosafety arises from two circumstances: First, it is
generally cvident that the momentum of discovery in molccular biology in particular is
simultaneously enabling therapeutic and destructive applications of extraordinary p
consequence. Bul, second, no one is able to judge with assurance the exact character or c
those consequences. Speaking of the human species as a whole, we have collectively initiated the
acquisition of knowledge whose ultimate consequences we cannot determine. We have thercfore
created problems of prudential management we are not as yet either conceptually or
institutionally prepared to handle. 1 understand this forum to be a welcome and important
instance of the presumably lengthy effort that will ultimately be required to respond to this
situation.!

Admittedly technical capability, particularly destructive capability has often exceeded
‘understanding over the course of history, and one can plausibly argus that situations of that sort
are a recurring feature of the human condition. Nonctheless this situation does appear to be
‘unprecedented both in character and in magnitude. For the first time in all of history, one species
has identified the dynamics of basic lif: processes in sufficient detail to be able to intervene with
some degree of deliberateness in the process of evolution itself. But that capacity is not and will
not be accompanicd by an ability to understand all the implications. It already scems evident that
hundreds of millions of individual lives might in principle be enhanced, salvaged, degraded,
manipulated or terminated depending on how advanced knowledge is applicd. It is conccivable
that the viability of the human specics as a whole and of the global czology on which it depends
might be at stake. In the end that may not prove to be correct, but it is prudent to assume that it
could be.

If we admit that much, as I believe we are obliged to do, taen we are also obliged to
imagine a constructive response to the situation. And in doing so we are justified in assuming
that the magnitude of potential consequence might eventually induce much more substantial
innovation than we would be inclined to expect if current attitudes and institutional arrangements
‘were the exclusive source of guidance. With those observations in mind, I want to outline the
criteria required both to establish_effective protection against the destructive potential of
biotechnology and also to assure full development of its benefits with reasonably equitable
access to those benefits. I believe those two purposes — effective protection and equitable access
— ultimately depend on cach other, despite the natural inclination to purse one at the expensc of
the other.

! My comments are derived from a working paper, Contrlling Dangerous Pathogens: A Prototype.
Prtective Oversight System, prepared in collaboration with Nancy Gallagher, Elisa D. Harris and Stocy
Okutani at the University of Maryland. See also John Steinbruner and Stacy Okutani, “The Protective
o hnology”,
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This suggests the need to
consider this balance

resea rch

Image source: Data Force
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With that I’'ll say thanks.

I’ll be happy to talk more
about any of this during the
discussion.
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