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This essay reports the personal reflections of an experienced consultant on how to communicate decision-related information to risk managers.  The aim is to help them to make their minds up on an immediate or repetitive choice, to justify their actions to others, or to gather more information first. The information may include prescriptive decision analyses, factual risk assessments, value judgments, raw data or personal observations.  The communication may use the information alone or combine it with other available information.  Also addressed are: the role of decider judgment, layman language, macro-models, interactive communication and assessment firmness.  Author’s perspective is based on 50 years of consulting to a variety of deciders and on two research projects.
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**** 
1 Objectives 

A risk manager often finds he
 has difficulty using information to form his own judgment or to explain it to others.  He may not use it effectively—if at all.  In this essay, I suggest how an information provider can adapt the form and content of a communication to serve a risk manager.  
The purpose may be to help him to choose among identified options (now or in the future), or to decide what new information seek first. The purpose may also be to justify his action, before or after the fact. 
1.1 Writer’s perspective 

My treatment is selective and personal (and sometimes controversial).  This is not intended as a balanced report of the state-of-the-art of information communication
My perspective is based on 50 years of consulting, mainly to government risk managers, often at the highest levels
.  This experience covers a broad spectrum of risk management situations
.  My work with business executives
, though not generally on risk management, has been quite relevant. The perspective is also based on two research projects, one for NSF
 to develop communication methodology, the other for NRC
 to test it in practice [1,2].
1.2 Elements of the communication process
The communication process has several elements.  

· A Provider of information, P, (e.g. a risk analysis contractor),  

· Produces Data, D, (e.g. prescriptive decision analyses, factual risk assessments, value judgments,  raw data,  personal judgment or observation).
· Turns it into a Communication, C, (e.g. a report or an interactive process), 
· A Translator, T, (e.g. decision analyst, who may also be the Provider, P),
· Transmits it to a Risk manager, R, (e.g. an executive, legislator or  regulator), 
· Who is taking some Action, A, (e.g. a safety intervention or research activity).  

1.3 An illustrative case: Reactor safety
A past consulting case will illustrate much of the argument.  A senior nuclear regulator (R) was deciding whether to close down a reactor he suspected was unsafe, or to require major safety backfit measures, or do more research first (A).  
He had received a classic probabilistic risk assessment (D), for which the reactor operator had hired a contractor at a cost of $4M.  The PRA indicated that the reactor was among the safest in the US.   However, (R) knew of enough accident near-misses at the reactor to put it on a warning “watch list”.  Although technically sophisticated, (R) had difficulty extracting from PRA what he needed to form his own judgment or to justify it, if it were challenged.  The PRA also indicated that a “venting backfit” would be the most cost-effective backfit and (R) found that convincing.   

My colleagues and I (T) worked with (R) a few weeks on evaluating the PRA and combining it with other available information, including (R)’s own observations and the informed judgment of colleagues [4] .  In the light of this more comprehensive analysis, (R) decided to permit the rector to operate, subject to a venting backfit. We developed a report and interactive software (C) designed to defend the decision if it were challenged, but it was not.
2 Assessing risk
2.1 The substance: subjective vs. “objective” 
A judgment-avoidance culture is common among information providers (P) who purport to limit themselves to “objective” information, disregarding critical “soft” information (D). This objectivity orientation is legitimate in scientific enquiry, but some of us [5] hold that it does not belong in analysis intended to aid decisions and may seriously distort action.  It often leads to analyses embodying simplistic “cop-out” assumptions that imply unrealistic personal judgments.

For example, a proposed regulation is often evaluated as if the regulated party were certain to faithfully implement requirements—which is rarely the case. This has the effect of over-valuing the regulation, since it may be less effective than was assumed. By how much, is question for informed judgment (but it will not matter too much if it simply strengthens a case for rejecting the regulation).
Simplified assumptions need not invalidate a communication (C) provided they are recognized and translator (T) helps (R) to make appropriate adjustments to his judgment. 

A very common and reasonable simplification is to treat an incremental decision strategy (like putting your toe in the water before taking the plunge) as if it were a once-and-for-all commitment (like plunging without hesitation).  The simplification undervalues the incremental strategy (since (R) can retreat if the water is too cold).  A risk management example would be the case where there are signs of impending reactor accident.  The operator (R) has to decide whether to begin shutting the reactor down, given that he can abort the shut-down if it proves to be a false alarm.  He can evaluate the incremental shut-down step as if it committed (R) to shut down irrevocably, and use his informed judgment to adjust the evaluation upward. 

A prime example of a judgment-avoiding assumption is classic PRA, referred to in the reactor backfit case.  Such PRAs, as prescribed in regulatory guidelines [6], normally address only sources of risk with well-documented evidence (say from experiments or testing) and disregard other evidence (such as unplanned observation)
.  
In the reactor case, the PRA addressed only internally-initiated core melt accidents (such as pipe breaks) and ignored external accidents (such as station blackout), as sources of risk (as well as any informal evidence about internal accidents).  From other sources we sought probabilities of externally initiated events.  Based on this adjustment, (R) rejected the PRA finding that the reactor was safe overall and required that a costly backfit be installed (A).  

The PRA may contain a great deal of relevant information (as in this example), but not, on its own, produce a realistic risk assessment.  Experienced regulators let PRA guide them in certain cases, such as engineering design, where there is, in fact, authoritative evidence on all relevant sources of risk and virtually no other useful evidence.  In the reactor case, (R) accepted the PRA finding that a venting backfit was preferred to an alternative, since the PRA omissions did not affect that comparison. 
2.2  Special cases

“Unknown unknowns”
. The Code of Federal Regulations [8] requires that “the likelihood”
 that a certain total radioactive emission level from a waste repository over 10,000 years should not exceed 10%. A DOE study of the proposed Yucca Mountain site found the human intrusion component of that likelihood to be of the order of one in a million.  This assumed that the only source of human intrusion was mining for minerals--the only source that the authors could identify.  (This would be like the Indians on Manhattan Island 10k yrs ago assuming that the only risk of human intrusion into a sacred burial site by 2000 AD would be the robbery of ancestral bones …)

In view of the hopelessness of coming up with a defensible and realistic probability of unvisualized human intrusion, I suggested reformulating the risk of a site along the lines of “the probability of any presently identifiable human intrusion that differentiates among contending nuclear waste sites”.  In other words, report only risk information relevant to the decision purpose at hand. In this case, report only whether the presence of mineral deposits at Yucca Mountain makes it more or less susceptible to human intrusion than contending waste sites.  If other sources of intrusion cannot be specified (i.e. unknown unknowns), they cannot affect the comparison of sites, and can be safely ignored.
Sample data. Sample data, say, of public risk attitudes and system failures, are particularly vulnerable to miscommunication due to judgment-avoidance culture. Errors, i.e. differences between the sample as measured and the population of interest, can arise from a number of causes.  Usually only one of them, random sampling fluctuations, can be “objectively” reported.  Established statistical procedure can produce a random sampling error, but that is commonly cited as the whole “margin of error”.  This is appropriate in those cases where the sample is indeed drawn randomly from a stable repetitive process of interest and can be accurately measured.  In the manufacture of standardized mechanical components, the sample may come close enough for the “random sampling error” to be almost all total error.  
However, in many important cases, sources of error other than random are much greater. Suppose (R) wishes to assess what fraction of the US population engages in some risky practice (such as phoning while driving). In a large random phone sample from the DC directory, 5%, say, admit that they have done so in the past week.  This 5% is reported to (R) with a statistically calculated “90% margin of error of, say, ± 1%.” i.e. 4-6%.  (R)’s realistic uncertainty range could well be, say, 10-40% if (R) takes account of uncertain biases, because people understate their dangerous behavior and/or DC phone subscribers differ from the US population.  It is legitimate for (P) to communicate ± 1% as the purely random component of total error and alert (R) to other errors he must take into account.  Alternatively, he can help (R) to quantify those errors.  A calibration sample, where the actual behavior of a small sub-sample is meticulously observed, can introduce some degree of objectivity [9]. 

Rare events. Comparing very low probabilities is difficult (whatever words are used), but may be critical (for example when deciding how much it is worth to reduce the risk of a nuclear accident).  Equating the probability to an analogy that (R) is likely to be familiar with (e.g. being killed in a car accident; or ten heads in a row; or being struck by lightning; or a royal flush, for a card-player) may better convey appropriate uncertainty [10].  Familiar analogs can also be used to convey quantities that are mind-bogglingly large (e.g. noting that a $300 billion borrowed from China to make infrastructure safer is equivalent to $1000 more debt for every US citizen).
2.3 The Form


Language for the layman. Language is an essential component of communication strategy.  Misleading or confusing language on its own can—and often does—doom a decision aiding effort. 
I was much chastened by an early career experience.  I presented a client with an analysis of a major decision, couched in conventional technical language.  Before I finished, he grunted “gobbledygook!”, stormed out of the room and never sought my help again! Many a decider has been lost to analysis because he had not the time, patience nor training to absorb what he was hearing.  
I will not enter here the current debate in the decision aiding literature
 on reforming decision vocabulary.  Instead, I will adopt existing conventions, which acceptable when engaging a technical audience.  However, I will mention, in passing, a few lay translations, which have helped me avoid confusing and misleading laymen.  In particular, I will replace “decision analysis” with the more specific “applied decision theory (ADT)” [13].   As a more specific example, using “frequency” to characterize what decision analysts call “probability” is meaningless if (R)’s personal judgment is what is being aided (unless some real iterative process is involved, such as component failure).
Where possible I follow some respected precedent
.  Hopefully, an authoritative professional body will, in time, authorize a standard glossary
 that we can confidently use when communicating with lay deciders

Graphical devices for getting across simple uncertainty, expressed in terms of (R)’s personal probability, have been well addressed at some length by other authors [16].  Devices include various variants of bar charts that show means and credible intervals and probability density curves.  (Laymen appear to find cumulative curves more difficult to interpret). 
3 Evolving communication for private decision-making 
Communicating risk management information for (R)’s private decision-making can have two distinct phases: basic and interactive.  In the “basic phase,” the communicator sets forth a minimum set of information that (R) will certainly want to know, and which (P) can prepare ahead of time. This usually takes the form of a basic report, which is typically a written document or a formal briefing.  The “interactive phase,” conveys optional information in response to (R)’s interest that emerges later.  This is what I will now discuss.
3.1 The macromodel as an organizing device
I have found the “macro model” to be a convenient vehicle for conveying an evolving decision argument in the interactive phase.  This is a structurally simple model of a “target” judgment, an extreme example of which would be: “net value of option = benefit – cost”
.  

Any macro-model input can be derived by plural evaluation, i.e. making an assessment several ways and merging possibly inconsistent results.  The component single evaluations involved may include (R)’s intuitive judgment and the output of “feeder” models or studies, which are combined. 

Table 1 refers to a macro-model we used for the reactor backfit case.  It shows estimates for the venting backfit option, resulting in a positive net benefit of $35.5M, compared with “do nothing”.  An alternative backfit, showed a negative net benefit of $24.8M.   The uncertainty ranges assessed (not shown here) implied a 90% range for net benefit of $13.4M to $159.6M
.   (R) took this into account when deciding to require the venting backfit. 

[TABLE 1 ABOUT HERE]

It included an assessment of a core melt accident within the next year with a probability of 0.000076, and a mean estimate of 23.7 man-rems of emitted radiation, a determinant of resulting deaths.  These numbers drop to 0.000063 and 0.06 man-rems, respectively, with a venting backfit. They also included judgmental adjustments for omissions and biases (see PRA discussion in 2.1 above). 

[FIG 1 ABOUT HERE]

Another project [17] evaluated the cost effectiveness of the Clean Air Act. Inputs to a macro-model, included industry costs and impact on various classes of pollution, supplied by specialized contractors (e.g. the US Geologic Survey).  However, the contractors did not report their findings in the form required as input to our macro-model, and “bridging” analyses were needed. The need for bridging analyses slowed down presentation to the Democratic Congress, which had mandated the study, until it was replaced by a Republican Congress, which cancelled the study!

3.2 The interactive phase

Figure 1 illustrates the role of a macro model in mediating between a target judgment and various sources and levels of input judgment, analysis and data.  It shows schematically the kinds of considerations (R) took into account, including plural evaluations for each element.
In the reactor case, we presented (R) with an interactive computer graphic display of a macro-model corresponding to Table 1, augmented by input uncertainty ranges.  The input values included those shown in Figure 1, derived from our digestion of the PRA and whatever other information was available.  Each assessment was extracted and second-guessed from various kinds of data (e.g. elements of PRA and ADT analyses, experimental or anecdotal observations, and engineering and health statistics).  
(R) worked with the display, overriding inputs as he saw fit, either from his direct judgment or by referring to other sources of data, and noting the resulting impact on the backfit net benefit display.  In this way, (R) dynamically probed deeper and deeper into the available information mass, as need dictated.  On the basis of such progressive iterations, he made his final judgment: to require the venting backfit. 
3.3 Contingent decision aid. 
Sometimes a decision tool is designed for future contingencies.  The as-yet-unknown circumstances are inputted to the model structure when the situation arises. 

Lab accident example. The EPA had our team [18] develop decision aid for  chemical laboratory directors (R) to determine what level of risk control to apply to hazardous chemical operations (e.g. simple lab bench precautions vs. full containment equipment).

A large team of chemical engineers had constructed a large generic risk, intended to apply to any lab experiment.  It calculated overall probabilities of accidental injury as output of a single complex micro-model, with over 1000 variables (such as features of the experiment and properties of the materials involved).   We structured the model as a hierarchy of macro-models whose inputs (R) could override at any level of aggregation.  

For example, in a mid-level macro-model, the micro-model calculated the probability of a spill in a certain experimental situation as 1%.  However, one (R) noted that in the past thirty experiments there had been only three spills, i.e. 10%.  After conferring with colleagues experienced in comparable situations, (R) substituted 5% for the 1% as input to the corresponding macro-model.  He similarly overrode other variables in the macro-model hierarchy, and accepted as his own risk assessment the output of the top-level macro-model.  
4 Communicating with outside parties 
4.1 The need to justify action

Guidelines for communicating about with risk managers generally also apply to other areas of business and government where uncertainty is significant.   
However, a distinguishing feature of risk management is that decisions are often controversial and need to be justified, for example, to the public or the courts.  In our reactor case, a decision to close down a plant operation or require expensive safety measure is liable to be challenged.  (R) may have good grounds for his choice, but not be able to demonstrate uncontroversially that it is sound.   That requires documented evidence (such as engineering tests).  
Although businesses have less need for a defensible rationale than government.  A significant exception is the case of legal “prudency hearings”.  To avoid often crushingly expensive liability, a company may need to defend itself against a charge that it made “imprudent” decisions resulting in major environmental damage, requiring government Superfunding to clean up. 
4.2 Criteria for communication 

Like decision rationale for (R)’s private use, a rationale for public use must be readily and quickly absorbed.  However, it must also be “acceptable” to the audience.  In particular, the apparent role of subjective judgment must be minimized.  Thus, even if a regulator’s decision to, say, close down a reactor were based largely his personal observation of lax safety practices, he would be well-advised to cite just one formal decision analysis that supported the same decision
. (If he has reconciled all plural evaluations, they all will point to the same choice.)  Some legal scholars [19], but not others [20], hold that a decision produced by some systematic process (like ADT) is valid defense against being considered “arbitrary and capricious. 
4.3 Value judgments
A risk management decision depends on typically very subjective value judgments, which can be difficult to validate and politically sensitive.
Legislators shy away from putting a dollar value on human life, although they do so implicitly whenever they pass legislation intended to save lives.  A congressman told me that if he proposed any value of a human life (regardless of what it was), it would incite hostile and emotional public reactions and lose him votes.

In the reactor backfit case, risk could be evaluated in two ways, according to different versions of published regulation [21].  Radiation harm can be evaluated at $1000 per man-rem, or at $20M/life (which is cited in regulations).   As shown in table, we opted for the former as less provocative.
Where (R) has private interests beyond public welfare, he may prefer not to disclose embarrassing value judgments.   A nuclear regulator  may, for example, be inclined to make safety requirements stricter than  meeting health rules require, in order to avoid the bureaucratic and political outcry of, say, the 1979 Three Mile Island accident.  In the backfit case including “hullaballoo’ as a criterion would not have indicated a different decision, so nothing was lost by ignoring it.
One approach to politically sensitive value judgments is to provide (R) with a “parametric” analysis, where he may privately supply value judgments that he would hesitate to declare publicly.

The Senate Judiciary Committee was deciding whether to authorize a Community Anti-Crime Program, which would fund local initiatives (like Neighborhood Watch) and cost $100M a year.  We presented committee staff with a macro-model in the form of a seven-criterion Multi-attribute Utility Analysis model (“Importance-weighted criteria evaluation”?  Taxpayer cost and impact on crime were the main criteria.   It strongly favored the bill for, based on a wide range of plausible importance weights.  However, we were told that the committee Chairman
 was sensitive to the goodwill of the politically influential Association of Chiefs of Police, who opposed the program (since it would by-pass the regular criminal justice system).  Therefore, we prudently added “electoral security” to the criteria, and passed the model with the chairman to privately enter his own importance weights.  The bill failed to pass… 
5 Getting and using evidence
An important risk management judgment is deciding what, if any, new evidence to seek before making the main decision and how to update uncertainties in the light of what is learned.  I know of no very satisfactory way to convey the underlying reasoning, especially in the former case.  Laymen, in particular, seem to have great difficulty understandings the rationale—however expressed--of applying Bayes’ theorem
.  However, it is feasible and useful to communicate certain elements of that reasoning, or at least to assure that (R) concurs with it. 

5.1 Diagnostic updating
Prior probability.  Before evidence has been received, assessing a “prior” is the same as making any probabilistic assessment (see section 2 above).  However, when (R) comes to update his uncertainty, he is usually already aware of what the evidence, so his judgment of what his assessment would have been without that knowledge may be fatally contaminated.  I do not even try to elicit it.
“Likelihood”.  On the other hand, it can be helpful to elicit, with some care, the “likelihood” (“diagnosticity”?)
 component of Bayesian updating, from (R), who will normally be the main source of the judgment. 
Suppose the possibility to be predicted is an impending earthquake and the evidence is agitation among farm animals. Something like the following phrasing seems to work quite well: “How surprised would you be to see the animals agitated like this when no earthquake is imminent?” “Very”.  “How surprised if an earthquake is imminent?” “Somewhat, but about a factor of ten less”

Risk managers often insist on replacing of numbers by words, in this way.  We did a high-level study 
 recommending that the US should partially lower an embargo on exporting to the then-Soviet bloc high-powered computers, on the grounds that a small increase in military threat would be more than offset by economic and other advantages.  A quantitative linear multi-attribute utility analysis had to be reduced to a single-page report without numbers before being submitted to the national security advisor
, who was known to refuse to read quantitative reports.  

5.2 Value of information

The rationale underlying quantitative “Pre-posterior analysis” Bayesian derivation of the value of imperfect information is still more complex to communicate to a decision analyst, let alone a layman.  
However, the following line of questioning might make a recommended information strategy plausible. “How firm is your present risk assessment—i.e. how much would perfect information shift it?  If you were sure this research would give you that perfect information, what are the chances it would save you from a decision you would regret?  How much cost would avoiding that mistake save you?  How close to perfect information would this imperfect research get you?” 

5.3 A more ambitious rationale for an information strategy
The reasoning underlying a decision on what new information to seek before making a primary decision can be communicated at greatly differing levels of effort and technical sophistication, depending on circumstances.  
A non-technical congressman will rarely have more than an hour to devote to any one decision, however important (for example, the Clean Air Act evaluation discussed above).  In such cases, having (R) answer a few questions, as above, may be all that is feasible.  

A rigorous mathematical argument would be prohibitively costly and technically challenging [25]. However, if the problem is sufficiently important and (R) adequately trained, enough of the technical argument may be communicated to help (R) decide whether to adopt an information strategy.  For example, a senior DOE official
, a trained scientist, had to decide whether to commission a comparative study of the suitability of alternative nuclear waste sites.  He in fact did have one conducted for several hundred thousand dollars [26].
In such a case, a quantitative elaboration of just part of the argument having to do with the firmness of (R)’s risk assessment (see first question above) could be feasible and appropriate.   Appendix A proposes a moderately ambitious communication process. 
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APPENDIX A: QUANTIFYING THE FIRMNESS OF RISK ASSESSMENTS 

Several important risk communication tasks depend on the firmness or “shiftability” of R’s current judgments.  

1. Plural evaluation.  The more a risk management evaluation is liable to shift with more information or reflection, the less weight it should be given when combining it with other attempts at the same judgment.

2. Getting more information.  The more shiftable an evaluation is, the stronger the case for more research or delay

3. Vulnerability to challenge.  The more shiftable an analysis is the more vulnerable to legal or other challenge.

In many ways, communicating this firmness is more important than a simple assessment.  It has serious action implications and is more difficult to do right, since it involves the elusive concept of second order probability. 

Two interpretations of assessment firmness need to be distinguished: assessment shift with unlimited information; and with limited, but achievable, information. They require distinctive language and graphical devices to keep them apart.  Figure 2 illustrates them for the case where the uncertainty is about deaths in the event of a reactor accident.

[FIG 2 ABOUT HERE] 
Maximum assessment shift with unlimited research
Outcome assessments, including event probabilities and estimates, may shift with new information analysis or reflection. How far could they conceivably shift with unlimited research and information? In particular, could they shift enough to favor a different decision? 

Laymen and technical people alike commonly talk as if there were some objective “true risk” of a hazard, which risk assessment tries to approximate.   Most personalists reject this view (It has been likened to the medieval theory that fire results from a substance, phlogiston, contained in an object, which escapes when it burns), but I think it has a legitimate interpretation worth communicating.  It can be viewed as the point a personal probability would shift to if the assessor had enough information to essentially remove subjectivity.  In that sense, it becomes an impersonal probability, about which we can be uncertain, and subjectively assess maximum shift distributions (contrasted with personal ideal probability, which is the result of perfect analysis of a given person’s idiosyncratic, and therefore subjective, knowledge [27, 28].

Figure 2a shows such a distribution.  The mean and range of the original risk hazard assessment is shown by a broken line on the left.  Where the mean would shift to with maximum information is shown by a fan leading to a solid line.  The remaining irreducible hazard uncertainty is illustrated by a new shorter broken line. 

Partial Assessment Shift with limited research
Unlike the familiar decision theory concept of perfect information, information does not remove all uncertainty, only as much as is feasible.  It sets a tighter, and therefore more useful, bound than perfect information on the value of new information research. (But it is more elusive to define.)

Figure 2b uses the same graphic conventions to communicate how a hazard assessment might shift with information or analysis that might actually become available, say, by waiting a few years or conducting a particular research project. This is directly relevant to the decision maker in deciding whether in fact to wait for such information. If the potential shift in assessment is unlikely to change the decision, this would argue against waiting. 

The limited information can be expected to shift the original hazard assessment less than maximum information. This is reflected in the shorted fanned line in the center, but a longer broken line for remaining uncertainty. (The amount of prospective information can be indicated by the thickness of the fanned line). 
� Throughout this essay, “he” means “he” or “she”.


� Including office heads at the Nuclear Regulatory Commission and the Department of Energy, an Assistant Secretary of Defense. a Deputy Assistant Administrator of EPA,  a US Senate Committee, a House representative, and mid-level  officials at IAEA,  FAA, Corps of Engineers and the Department of Commerce.


�Including reactor safety, waste disposal, air quality, airline security, business fraud, civil engineering construction, emergency planning, health risk, nuclear proliferation, laboratory accidents, anti-crime legislation, gasoline additives, nuclear safeguards, military crisis management, submarine war-fare, telecommunications emergencies and toxic substance control. [3]. 


� Including presidents and vice presidents at Ford, Firestone, Perkins Engines and smaller companies.


� Decision and Management Science Program, grantses84-20732.


� Division of Risk Analysis and Operations.


� “PRA” might be interpreted as “Partial Reliability Assessment”.





� “There are more things in heaven and earth, Horatio, than are dream’d of in your philosophy” [7].


� See 2.3.


� See [11] and discussion in Decision Analysis, June 1994, and my tentative proposal in [12]. 


� For example, I adopt Schlaifer’s replacing “utility” by “preference” to connote its personal nature [14], and accept Howard’s rejection of “expected” implying unnecessary confidence [15]. I tentively suggest “projected preference” in place of “expected utility”.


� As the Academie Francaise does for the French language.


� As well as students--and perhaps eventually colleagues. 





� Where the target is a probability (e.g. of accidental damage), the macro-model could be an inference equation.  Its inputs would be unconditional probabilities of conditioning events (such as types of accidents) and the conditional probabilities of damage in each case.  They would be combined in a familiar conditioned assessment formula.


� The combining formulas were familiar statistics decompositions. 





� Joseph Biden.


� Common use of “Bayesian statistics” to refer to a broad class of methods for making inferences based on quantified judgment is misleading.  Applying Bayes' theorem does not have to involve human judgment and Bayes’ theorem is not the only formulation for making judgmental inferences. I prefer “Personalist” inference (and decision theory).  


� The standard statistical meaning of “likelihood” is probability of evidence conditional on hypothesis.   However, is often used in the literature to mean probability (e.g.  “… the likelihoods of these outcomes, expressed as probabilities” on p 20 of  [22] and  “… the disposal system … shall have a likelihood of less than one chance in 10 of exceeding…) on p. 11 of [9].


� The following wording, though technically accurate, would be hopelessly confusing to a layman: “What would be the ratio of your probability of “earthquake” conditional on “agitation” be to your probability of “earthquake” conditional on “no agitation”. 


� For the President’s Council on International Economic Policy. See [24].


� Henry Kissinger.


� Ben Rusche, Head of the Office of Civilian Radioactive Waste Management
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