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C. Thomas Bennett, Ph.D. 
Fission Energy and Systems Safety Program 

Lawrence Livermore National Laboratory 
Livemore, California 

INTRODUCTION 
After reading the title, you may have pondered over some of 

the career-limiting motives I might have. Lest you have any 
doubts, let me avex the following. Each Human Reliability 
Analysis (HRA) report I have read (including my own) have 
committed some egregious violation of the inferential 
principles of Bayes' Theorem-maybe not computationalIy- 
but certainly philosophically. To admit an mor, in either 
domain, is to admit an analytic error. And. lest you have any 
doubts now, I will-unashamedly-admit to being an 
Orthodox Bayesian. 

If, aftex having read my paper, you conclude that my 
arguments are sound, then you will agree that we have, more 
often than not, faiIed our customers-policy makers who must 
make decisions based on the risk that humans contribute to 
system performance. 

I will argue that for policy makers to be more effective, they 
require an HRA approach that (a) grounds itself solidly in the 
philosophy of Bayesian (fact-based) inferential statistics (b) 
advocates a systems analytic process that employs cogent 
heuristics when using opinion, and (c) tempers itself with a 
rational debate over the weight given subjective and empirical 
probabilities. An evolutionary procedure (with respect to 
current analytics) will be offered. 
The debate in which I am hying to engage you may reduce to 

the following question When can unsystematic subjective 
observations-based on samples which have an uncertain 
relationship to the population-be used in the absence of 
empirical measurements to make statistical inferences? 

I have become comfortable with my tentative answer to this 
question. But, before I present it to you, I would l i e  you to 
foIIow the argument which led to my position 

I started by assuming that to know something about the 
probability of human error. I should understand something 
about its causes. In doing so. I quickly ran into trouble-I ran 
into Russell. Bertrand Russell spoke often (and, often 
irreverently) about the status of the notion of causality. 

Dr. James Ward, in his Naturalism ami 
Agnosticism, makes this a ground of 
complaint against physics: the business of 
science, he apparently thinks, should be the 
discovery of causes. yet physics never even 
seeks them. To m e i t  seems that philosophy 
ought not to assume such legislative fiu~ctions, 
and that the reason why physics has ceased to 
look for causes is that, in fact. there are no 
such things. The law of causality, I believe, 
like much that passes muster among 
philosophers, is a relic of a bygone age, 
surviving, like the monarchy, only because it 
is erroneously supposed to do no haxm. 
(Russell, 1913, page 1) 

While Russell effectively dismisses the concept of 
causality, he acknowledges something more hpor tan t - the  
uniformity of nature, and I would hope, the consistency of 
human behavior. 

...if any such sequence (what some would call a 
cause and an effect) has been observed in a 
great many cases, and has never been found to 
fail, there is an inductive probability that i t  
will be found to hold in future cases. 
(parentheses added, Russell, 1913, page 12) 

As I will show in the next section, this Bayesian notion 
goes to the heart of my argument. Admittedly, to subscribe to 
my argument, you must assume that somewhere, somehow, and 
at sometime, an HRA team has based its computations on 
subjective probability distributions with unknown central 
tetuiencies, rangts, skews, Md kwtosise.+not to mention 
unknown uncertainty estimates. I may be stretching my 
credulity, but for the moment. assume for the sake of argument 
that it has happened. To understand the rather serious 
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implications of such analytic faux pas, we must consider 
Bayes’ model of a Mathematician. 

BAYES WAS AN INFERENCER NOT A 
SUB JECTlVlST 

In 1988, the editors of Reliability Engineering & System 
Safety (Volume 23, pages 247-320) solicited essays on ‘The 
Interpretation of Probability in Probabilistic Safety 
Assessments.” In the lead article, Apostolakis (page 253) 
argued that physical scientists had been trained to regard 
probability as an objective, relative-frequency based, 
quantity-a physical description of the world. 

The editor recognized that in the face of uncertainty (lack of 
data), that engineers would use engineering judgments- 
opinions-to produce probabilities and frequencies. 
Apostolakis equated the insertion of expert opinions into 
probabilistic statements about the physical world with a 
“subjectivistic, that is Bayesian theory, ...” (page 248). In one 
way or another, many of the remaining articles in that volume 
tended to support the characterization of Bayes as a 
subjectivistic, probability theorist. There is only one 
reasonable definition (Hacking, 1975) of such a statistician- 
one who computes the odds of an event occurring, by using 
personal odds to generate the input frequencies. 

The Reverend Thomas Bayes, F.R.S., would have taken 
great umbrage at such an appellation. Additionally; the current 
promotion of such a notion-Bayesian statistics as 
subjective-has been the source of many problems. .First. the 
notion has certainly created confusion in the risk community. 
Second, it probably has been a source of indecision for policy- 
makers. And, third, it may well be the source of wariness 
among environmentalists and anti-nuclear supporters. I will 
try to justify these conclusions in the course of the paper. 

I am not sure where or when the confusion arose about Bayes 
as subjectivist. But the notion is certainly prevalent, as can be 
attested to by the wide range of references in Volume 28 of 
Reliability Engineering & System Safety. 

It is important that we settle the matter before we can 
proceed with a look at the current status of HRA. To do this, we 
can look at Bayes’ (1763) original paper entitled “An Essay 
Towards Solving a Problem in the Doctrine of Chances.” We 
may never have benefited from Bayes’ insights on 
probabilistic inferences, if the paper had not been 
posthumously submitted for publication by a good friend (and, . 
of course, subsequently accepted!). The colleague, Richard 
Price, endorsed the manuscript with an interesting cover letter. 
We will look at that letter in a moment. 

As an aside, there is a more accessible reprint of the paper, 
with an informative introduction (Barnard 1958), which I 
would recommend over the original because it helps make 
Bayes’ manuscript more readable. In that introduction Barnard 
describes Bayes as an 

... author of the first expression in precise, 
quantitative form of one of the modes of 
inductive inference, ... (italics added, page 243) 

In support of that description, Barnard quotes from one of 
Bayes’ earlier manuscripts that “may have had something to 
do with Bayes’s [sic] election, in 1742, to Fellowship in the 
Royal Sociev, ... ” (Barnard. 1958, page 244) 

It is not the business of the Mathematician to 
dispute whether quantities do in fact ever vary 
in the manner that is supposed, but only 
whether the notion of their doing so be 
intelligible; ... he (the Mathematician) is not 
inquiring how things are in matter of fact, but 
supposing things to be in a certain way, what 
are the consequences to be deduced from them; 
and all that is to be demanded of him 
i s  t h a t  h is  suppos i t ions  be 
intelligible, and his inferences jus t  
from the suppositions he makes ... 
So far as Mathematics do not tend to make men 
more sober and rational thinkers, wiser and 
better men, they are only to be 
considered as an amusement, which 
ought not to take us off from serious 
business .  (Bayes, as quoted in Barnard, 
1958, page 244, parentheses and emphasis 

I 

added) 

We can only imagine what Bayes thought was “serious 
business.” Yet, to Bayes, mathematics was a tool to better 
understand the physical world. In the cover letter to the 
posthumously published essay, Price wrote about Bayes’ 
motives for the paper. 

In an introduction (which was not published) 
which he has writ to this Essay, he says, that 
his design at first in thinking on the subject of 
it was to find out a method by which 
we might j u d g e  concerning the 
probability that an event was to 
happen, in given circumstances,  
upon supposit ion thut we know 
nothing concerning it but that, under 
the same circumstances,  i t  has 
happened a certain number of times, 
and failed a certain other number of 
t i m e s  ... 
Common sense is indeed sufficient to show us 
that, from the observation of what has in 
former instances been the consequence of a 
certain cause or action, one may make a 
judgment what is likely to be the consequence 
of it another time, and that the larger [the] 
number of experiments we have to 
support a conclusion, so much the 
more reason we have to take it for 
granted. But it is certain that we 



cannot determine, at least not to any 
nicety, in what degree repeated 
experiments confirm a conclusion, 
without the particular discussion of the before 
mentioned problem; ... which at present, we 
seem to know little more than that it does 
sometimes in fact convince us, and at other 
time not; ... (Bayes, 1763, page 370, 
parentheses and emphasis added) 

The quotation shows Bayes’ concern with making 
predictions about the future with the best available evidence- 
objective observations of the frequency of past events. I find 
no mention in Bayes’ paper concerning the merits of 
introducing subjectively based input frequencies into the 
inferential process. 

It may be engineers who were the source of this practice. It 
certainly was not Bayes. 

Let us not dodge the central question that should keep 
following us. When is personal opinion good enough to use in 
the absence of empirical measurements? As Bayes indicated, 
he understood there was uncertainty about inferences drawn 
from repeated experiments. The only method that he suggested 
to reduce that uncertainty was to conduct more experiments. 
Bayes never addressed the problem of the uncertainty of 
subjective probability estimates. 

How should we manage this uncertainty? The consensus of 
the risk community (consensus being a proper process of a 
science) is to use the best available data-even if those data 
are only the opinions of someone merely familiar with the 
problem. It would seem then that the process of using expert 

. opinion should lead us to a rather straightfoxward process. 
Particularly, if, as in Bayes’ own words, “all that is to be 
demanded of him (the risk analyst) is that his suppositions be 
intelligible, and his inferences just from the suppositions he 
makes ...” The following might be such a process. 

Determine what facts are not empirically available 
(observed)? 
Develop an unbiased-though perhaps solipsistic- 
like-process to gather subjective estimates of the data 
(and the ranges of subjective uncertainty).* 
Apply accepted statistical methods to describe and draw 
inferences about those data. 
Openly report the inferences along with the process, 
and let others judge the merits of the argument. 

I am not sure Bayes would subscribe to this inferential 
process. But, I do believe he would be much more disquieted in 
being called a subjectivistic, probability theorist. 

I would now like to examine Human Reliability Analysis in 
context with Bayes’ model of a Mathematician. 

* By solipsistic-like, I refer to an argument that may be 
internally valid, but may have no means to achieve objective 
validity. 

STATUS OF HUMAN RELIABILITY ANALYSIS 
It has been twelve years since Swain and Guttman published 

the Handbook of Human Reliability Analysis with Emphasis 
on Nuclear Power Plant Applications (NUREGKR- 1278-F, 
1983). As with all analytic tools, it is useful from time to time 
to review our basic assumptions which underlie their use. It is 
also useful to examine whether it is still appropriate to use 
these tools in the settings for which they were originally 
designed-and, importantly, to examine the way in which 
those tools are currently being used. 

I think it is important that we first look at some of the 
concerns that Swain and Guttman voiced in their original 
handbook over a decade ago. 

The scarcity of objective and quantitative data 
on human performance in NPPs (Nuclear Power 
Plants) is a serious limitation. Most of 
the HEPs (Human Error Probabilities) are what 
we call derived data. In some cases, they are 
extrapolations from performance measures, 
which may be only marginally related. In other 
cases the HEPs represent our best 
j u d g m e n t  ... The necessity to rely so 
heavily on judgment is a regrettable 
state of affairs, but a start has to be 
made. .. (page 1-6, parentheses and emphasis 
added, the underlines are theirs) 

. They felt this statement so important that it was iterated 
later in the handbook, with even further constraints. 

... the major problem ... is the scarcity of 
actuarial data for estimating human error 
probabilities (HEPs) .... Data in the Handbook 
are p r i m a r i l y  b a s e d  u p o n  
extrapolation from similar tasks or upon 
evaluations of the expert opinions of the 
authors. 

... Although these procedures have not been 
frequently tested and validated in applied 
settings, their potential usefulness in this 
appl ica t ion  i s  s u g g e s t e d  b y  
psychological theory ... (page 8-1) 

The use of formal judgment procedures ... 
appears to be a promising method for 
obtaining currently needed estimates of 
HEPs ...( But) estimates of HEPs derived from 
judgment procedures could be used on an 
interim basis until actuarial or calibrated 
simulation data become available. (page 8-2, 
emphasis added, the underlines are theirs) 

Three issues from these quotations immediately raise 
caution flags. Swain and Guttman (1) rigorously limited the 
use of their Handbook to NPPs-yet we know the process has 



been used in other settings (although in my opinion they 
commit one serious lapse of good judgment when they 
suggested “Most of the material in the Handbook is 
a l s o  app l i cab le  to...chemical p lan ts ,  o i l  
refineries, offshore oi l  production, a n d  other 
power-generating plants” [page 1-21); (2) suggest that 
psychological theory should be used to support the validity of 
HEPs-as we will see later, there are serious questions whether 
this can be done; and (3) recommend that HEPs based on 
derived data should be used on an interim basis-twelve years, 
I would argue, should suffice as an interim period. 

In their comprehensive review of HRA, Gertman and 
Blackman (1994) point out that conditions for estimating 
HEPs are not much different than those that existed when 
Swain and Guttman wrote NUREGKR-1278. 

There are limitations to existing data. For the 
most part, many of the numbers used in 
contemporary HRA still need to be validated. 
(page xv) 

Gertman and Blackman (1994) provide an even more 
disturbing insight. 

We stress, however, that different techniques 
(of estimating HEPs) w i l l  p roduce  
different failure probability point estimates. 
(emphasis and parentheses added, page 89) 

Based on Swain and Guttman’s 1983 statements, we should 
apply their HRA process only to NPPs because of the lack of 
empirical data to validate the subjective HEPs. Gertman and 
Blackman (1994) reiterate, and I agree, that an adequate 
empirical data base for error estimates, covering a wide range 
of tasks, scenarios. and industries, still does not exist. After 
reviewing the literature, the latter pair even question the 
validity (page 358) of using the lognormal distribution of 
human errors proposed by Swain and Guttman. 

To the credit of Swain and Guttman (and their many 
acknowledged reviewers), few critics have raised serious 
questions about the specific computational process they laid 
out in 1983. But, if Bayes were to provide a peer review of 
some of the subsequently published HRA studies, he might 
wonder where the numbers came from. Again quoting from the 
introduction to Bayes’ 1763 paper: 

He (Bayes) has also made an. apology for the 
peculiar definition he has given the word 
chance or probability. His design herein was 
to cut off all dispute about the meaning of the 
word, which in common language is used in 
different senses by persons of different 
opinion, and according as it is applied to past 
orfuture facts. But whatever different senses it 
may have, all (he observes) will allow that an 
expectation depending on the truth of any past 
fact, or happening of any future event, ought 

to be estimated .... (original emphasis and 
parentheses) 

There is no question that Bayes was using the term 
probability in its empirical sense. So, the question remains: 

Even if the HRA process laid out by 
Swain and Guttman (and its variants) 
is the best we’ve got, should we still 
be using it? And, importantly, if we 
choose not to use it, are there some 
logical, valid alternatives? 

OTHER PERSPECTIVES OF HRA 
In this section, I would like to (a) take a more general look 

at how the term probability is typically used in the context of 
Probabilistic Risk Assessment (PRA) and HRA; (b) highlight 
Nuclear Regulatory Commission (NRC)-sponsored evaluations 
of HRA, and (c) evaluate the advocacy arguments encouraging 
the use of HRA. 

PROBLEMS WITH HRA PROBABILITIES 

cogently argued that we should 
In a recent scholarly paper, Stephen Watson (1994) 

... see PSA (and presumably HRA) itself as an 
argument (to justify a policy), rather than as 
a declaration of truth (to describe the world). 
(emphasis and parentheses added, page 268) 

I believe his argument goes as follows. From the earliest 
discussions of probability, two distinct interpretations of its 
meaning coexisted. In one sense, probability concerns the 
“stochastic laws of chance processes” (Hacking, 1975). The 
other sense refers to its epistemological connotations 
concerning the determination of “reasonable degrees of belief 
in propositions” (Hacking 19751, irrespective of their 
statistical properties. 

I believe Watson argues that many of the attacks on the 
usefulness of PRAs and HRAs arise over protagonists’ and 
antagonists’ sophistry (subtle-perhaps intentional-misuse) 
of the two senses. The statistical sense of the term supports 
beliefs in the truth that statistical processes describe some 
physical properties of the world. This is the sense that some 
PRA and HRA technicians attempt, perhaps unintentionally. 
to purvey to public policy makers. The following quotations 
support this contention: 

...( human reliability is) the probability that a 
job or task will successfully be completed by 
personnel at any required stage in system 
operation ... (parentheses added, Meister, 
1966. as quoted by Swain and Guttman, 1983, 
page 2-3) 



The purpose of HRA is twofold (1) to render a 
complete description of the human 
contribution to risk and (2) to identify ways to 
reduce that. risk. (Gertman and Blackman, 
1994, page 2, emphasis added) 

These are examples of what Watson (1994) would call the 
Realist’s interpretation of probability. He proceeds to map 
various logic paths that HRA advocates must follow, if they 
would have us believe that they adhere to the Realist’s 
interpretation of probability. (The following descriptions rely 
heavily on Watson’s paper, but also the original sources. I 
have chosen to avoid repetitive citation of his work for 
conciseness.) 

As you review these theories, keep in mind what I am trying 
to determine: Can we use an HRA as a declaration of truth, 
concerning the nature af world, or should we frame an HRA as 
an argument about our certainty, concerning the nature 
of the world? - 

These focused on games of chance and actuarial problems 
that might be of interest to insurance companies. They simply 
state that the likelihood of outcomes in a given set are equal, 
so that the probability is simply the ratio of an event to the 
total in the set. This is like determining the probability of 
throwing a one on a six-faced die. Such classical theories could 
not apply to HRA. We are ignorant of what a total set should 
be; and, we also start off assuming that events in the set are 
not equi-probable-that is, a catastrophe is a rare event. 
(Scratch the classical theorists’ definition of probability in 
our attempt to compute HEPs.) 

Relative Freauencv Theories 
These differ from classical theories only in the sense that 

the probabilities are derived empirically by running many 
trials of an experiment, and computing the ratio of the number 
of occurrences of an event to the total numberof trials. We 
cannot know what the actual probability is (if there is one), 
just what the observed frequencies describe. Bayes would have 
us then go about more “serious business,” like inferencing or 
decision making. 

On the surface, these theories would seem to have great 
intuitive appeal for HRA advocates, and in fact they are used in 
generating Human Error Probabilities (HEPs). This is despite 
the fact that these theories are rooted in the Realists’ 
traditions. Some of the probabilities-computed under the 
guise of the Realists’ relative frequency theories-are even 
used in system settings from which the data were not collected 
(Swain and Guttman, 1983, page 5-21; Gertman and 
Blackman, 1994. page 3). 

These theories pose three problems for an HRA to describe 
the truth of the real world. First, how many trials are sufficient 
to establish a reliable probability estimate? Second, when is it 
appropriate to generalize the use of probabilities-from the 
setting in which they were computed to a new setting in which 
no data have been collected? Third, the ambiguities generated 

by the first two questions create problems for decision makers 
and policy advocates. 

The fact that there are no clear decision rules generated from 
such a process creates legitimate tension between 
protagonists and antagonists. Each would ask, “Whose 
relative frequencies are correct?’ This is clearly a situation that 
an HRA advocate would want to avoid. (Scratch the relative 
frequency theorists’ definition of probability in our attempt to 
define HEPs.) 

P Priori Theories 
Such theories are the Realists’ attempt to use the 

epistemological sense of the word probabiliry. Again, I am 
taking heavily from Watson (1994). but again relying on 
original sources such as Keynes (1921) and Weatherford 
(1982). Watson captured the essence of these theories-nd 
the defining constraint-quite succinctly: 

... the probability of an event given relevant 
data, is a measure of the extent to which the 
data logically implies [sic] the event. It is 
objective in that it does not depend on any one 
person’s judgments; so long as the analysis is 
correct any person should get the same answer. 
(parentheses added, page 263-4) 

The defining constraint is that every person should come up 
with the same answer. In any case, at first blush, A Priori 
Theories provide a solid Beysian-sounding approach to HRA. 
However, a contemporary HRAist (HRA analyst) would qukkly 
run afoul in trying to follow Realists’ logic. HRAists are 
forced into Bayes’ constraint of having facts to compute 
probabilities. 

Otherwise, the following problems arise. First, who is to 
have the final say in specifying what “relevant data” should be 
used? Again, is it the antagonist, or the protagonist? Is it the 
government policy maker, or the environmentalist 
stakeholders? Second, as it relates particularly to HRA, and to 
a lesser degree to PRA, do analysts come up with the same 
answers using the same procedures? The latter question begs 
some quotations which are rather withering to an ill advised 
HRAist. 

Thus, the constraints to obtaining valid HEP 
[human error probability] data are substantial, 
and the application of such data, under current 
conditions at least, is virtually impossible. 
(NUREG/CR-2833-V3. 1992, page 36) 

At present, only limited data and capabilities 
exist to measure human performance in nuclear 
power plant systems. The collection of data on 
human error since Three Mile Island has 
resulted in increased emphasis on obtaining 
and employing- feedback from operational 
experience; however, the extent of the data 
collection is still quite limited and, more 



important, the data are typically not related to 
any underlying theoretical framework or model 
of human performance and behavior. Without 
such a framework, the ability to 
interpret data and advance beyond 
simply counting and categorizing 
human error is severely restricted. 
(Moray and Huey, 1988, page 72, an NRC- 
sponsored study) 

We stress, however, that d i f f e r e n t  
techniques will produce different 
failure probability point estimates. 
(Gertman and Blackman, 1994, page 89) 

The question that inevitably arises is how 
much oftthis substantial difference in HEPs is 
due to the different methodologies . 
employed and how much is due to the 
different groups of analysts using 
them. (NUREG-1420, page 34) 

A Priori Theories seem to provide a solid starting point for 
HRA analysts to compute HEPs. As I have shown, however, 
there are serious concerns, even among HRA advocates, 
concerning the development of relevant data, and whether 
differing methods lead to the same conclusions. (Scratch the a 
priori theorists’ definition of probability in our attempt to 
generate HEPs.) 

Sub!ec tive Probab flitv Theories, 
As you will see, Watson (1994) and I argue that the 

definition of probability that best serves the needs of PRA and 
HRA analysts-and, the policy makers who use their 
products-is, ironically, subjectivistic probability theory. 
The irony, of course, comes from the fact that PRA and HRA 
methods were developed with the very intent of objectively 
describing system processes and their associated risks, as they 
exist in the material world. Such HRAists would shudder at the 
thought of using a subjective argument. 

Simply put, subjective theories claim that a probability is a 
measure of a single person’s degree of belief in the occurrence 
of an event (Savage 1954; de Finetti 1975). Carried to the 
extreme, there is for each individual a probability for each 
event, all which could be different! What good, you ask, is this 
in our quest to describe the objective state of risk in the world? 
Well, to make a long story short, it seems that this is what we 
have been doing all along anyway! Just not as rigorously as 
we could have. 

Several people (Bier and Mosleh 1988; Bley, Kaplan, and 
Johnson 1992; Watson 1994; and myself) firmly endorse the 
validity and utility of the subjective determination of 
probabilities-when required. (Of course, this is sort of 
ingratiating, given that we have little recourse in most HRA 
settings.) 

The value in using Subjective Probability Theory in 
determining HEPs is that it completely sweeps away all of the 

logical problems that I iterated. The question is, will policy 
makers buy into a solipsistic-like, HRA approach in which 
everyone is free to make up their own probabilities? I contend 
they will. 

First, what policy makers need to know is whether we are 
using subjective or empirical probabilities. Second, 
irrespective of whether we use subjective or empirical 
probabilities, they need to know how we have estimated the 
validity, reliability, and utility of those HEPs. 

Such an approach provides management tools that are not 
available, particularly when policy makers argue that it is 
their probabilities which describe the physical world-as 
opposed to a stakeholder’s. In fact, the reason our customers 
sometimes have had problems while using HRA products is 
that most of them probably realized-at least implicitly-that 
the Realist’s approach to probability theory was seldom being 
used in developing HEPs. It is just that they did not know what 
to do about it. 

FOR THE LACK OF A STOP-RULE... 
The very manner in which human error probabilities are 

incorporated into an HRA condemns the analysis to be a 
meaningless predictive tool. Let us briefly look at the way in 
which it is computed. 

A given human activity is broken down into its 
subcomponents. Then various error probabilities are assigned 
to the various tasks. This process is based on an analytic-and 
not an empirical-decision. 

There is no objective stop-rule for  task 
d e  c o nap o s i t i o  n.  

Probabilities are then multiplied or added depending on 
certain assumptions. As a result, the computed error 
probability is only in part a function of the m e  error rate-or 
even the past error rate. The probability is influenced by how 
many tasks into which the analyst has chosen to decompose 
the activity! There is no stop-rule. Lots of little tasks might 
mean very low error probabilities. Few aggregated tasks might 
result in a high error probabilities. 

The lack of an objective stop-rule is probably the most 
significant factor in accounting for the insensitivity of 
different HRA tools and their inconsistent results. (Certainly 
there are other reasons, for example, the variability in 
analytic experience.) 

WHAT LOGICAL GROUNDS ARE THERE FOR 
CONTINUING TO USE HRAS? 

First of all, I disagree with NUREG/CR-2833 (page 39, 
1982) which concluded that to improve the deficiencies in 
HRA “...while theoretically possible, (they are) practically 
infeasible.” That is, if I am allowed an admittedly solipsistic- 
like, subjective approach to generating HEPs. 

Secondly, I disagree with the National Academy of Science’s 
assessment (Moray and Huey. 1988, commissioned by the 
Nuclear Regulatory Commission) “...that research to further 



improve subjective estimates of human error should not 
receive a major emphasis in the future.” 

I am a pragmatist and a realist; pragmatist because I realize 
policy makers must make decisions concerning the risk 
humans contribute to complex systems; a realist because we do 
not (and probably will not) have a useful, generic human error 
data base. We must spend some time developing uncertainty 
estimates to probabilities we are pragmatically required to use. 

What I have been arguing is that to examine risk with 
current HEPs will provide little information for the 
stakeholders and policy makers who negotiate the “peace.” It 
seems obvious, to me at least, that little can be gained from 
the overly complex, insensitive tools with which we have 
been combining HEPs. 

Again, what I will not say is that we do away with the HRA 
process. Decisions have to be made about the risk humans 
contribute to complex systems. 

I will not say that we should throw out the systems analytic 
process imbedded in HRA. We need that so experts can provide 
judgments about human processes, as well as document the 
tasks and interrelationships. It is a way in which we can define 
and publish our subjective stop-rules for task decomposition. 

I will not say that we should throw out the logic of Bayesian 
statistics-r, the inferential statistics of Fisher and Pearson. 
We need their quantitative power to make inferences. 

I will not say that we should throw out the site specific 
simulator data that has direct, immediate relevance to tasks at 
hand. (I might caution, as Swain and Guttman did, about how 
or whether that data should be used.) 

I am saying that we should throw out the current generic 
human error databases. We simply do not have the 
psychological theories to appropriately use those databases. 
We should not rely on overly simplistic statements like 
“people will act similarly in similar situations.” Such stock 
phrases might stand up as maxims, but certainly not as a 
theory of human performance. 

These maxims might sound generally true: but they provide 
no guidance for predicting human performance in specific 
situations. And, this is exactly what policy makers would want 
from us! 

What is the probability that a production 
technician, with thirteen years experience, 
having broken a mirror while shaving that 
morning, will drop a nuclear explosive on 
Friday the thirteenth? 

If important enough, we might need to provide such an 
estimate-but, we should be explicit that just because we may 
have used Bayesian computational methods, uncertainty exists 
about our subjective probability estimates. 

WHAT WOULD NEW HRA MODELS LOOK LIKE? 

earlier. 
I would like to reiterate the general guidelines I presented 

Determine what facts are not empirically available 
(observed)? 
Develop an unbiased-perhaps solipsistic-like- 
process to gather subjective estimates of the data (and 
the ranges of subjective uncertainty). 
Apply accepted statistical methods to describe and draw 
inferences about those data. 
Openly report the inferences along with the process, 
and let others judge the merits of the argument. 

Can such an ad hoc process be managed without conducting 
what we have come to call a classical HRA? There is a group of 
High Reliability Organizations (HROs) which conduct 
thousands of operations annually in high consequence 
environments, that have never conducted a classical HRA. 
How is this possible? 

Such organizations, like the FAA Air Traffic Control 
System and Navy air carrier flight operations, have been 
carefully studied (Perrow 1984; Roberts 1990; Sagan 1993). It 
is not completely clear how these organizations became 
HROs. LaPorte and Consolini (1991) argue that standard 
organizational theory does not even predict or explain the 
exceptional reliability of these exquisitely complex human 
systems. What we know with certainty is that such 
organizations rigorously analyze their performance and risks 
using systems analytic tools, wielded with the experience of 
managers and workers-who cannot afford a trial and error 
process. That is, they will never have the empirical 
information to make inferences, as Bayes would have them. 

We are at the end of my argument. Some HRA studies have 
been reported with confidence simply because Bayes lemmas 
were followed during computations. Bayes required more of his 
model Mathematician than to be skilled in calculations. As he 
wrote in the paper that caused him to be elected to Fellowship 
of the Royal Society, 

all that is to be demanded of him is 
t h a t  h i s  s u p p o s i t i o n s  b e  
intelligible, and his inferences jus t  
from the suppositions he makes ... 

Maybe my whole argument did reduce down to the following 
question. When can unsystematic observations-based on 
samples which have an uncertain relationship to the 
population-be used in the absence of empirical measurements 
to make statistical inferences? 

The generalities of Subjective Probability Theory have 
allowed me to comfortably accept the fact that I can use 
personal opinions to generate input frequencies. But, I am 
uncomfortable that the theory does not provide me with 
specific guidance on when I can use them. 

There have been several solid beginnings to providing the 
specifics. Among the best have been Morgan, Henrion, & 



Moms (1981) and Meyer & Booker (NUREGICR-5424, 1990). 
But, they are just beginnings. Much work remains. When that 
work is complete, we will be able to answer the question of 
when we can intelligibly use subjective error probabilities in 
the absence of Bayesian facts. 

Has Human Reliability Analysis quantitatively failed? 
Certainly not computationally. But, until we can “make our 
suppositions intelligible, and our inferences just from those 
suppositions,” we are not warranted in accepting the title of a 
Bayesian Mathematician. (I warned you of my Orthodoxy!) 

As we struggle to develop methods to answer our central 
question concerning the appropriate use of subjective 
probabilities, perhaps the best we can presently do is to 
follow Watson’s (1994) suggestion. 

Acknowledge the subjectivistic nature of the HRA 
process we must now use. 
Do not contend that it is a description of the physical 
world. 
But, offer it as an argument about our beliefs in the 
nature of the world. 

Be assured, it will be taken as such by thoughtful policy 
makers. An argument that is studied and considered on its 
merits-just as Bayes would have it. 
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