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which the lay erson can use in examin- 
ing these di if erences. 1 hope to show 

- -- --w z - -  

or radioactivity. (Yes, t&&e differ- 

Let me start with the assumption 
that the reader is concerned with deter- 
mining the risk imposed by human ex- 
posure to radiation. These exposures 
might occur, for instance, in the rou- 
tine operation af a radiotherapy unit or 
in some phase of testing a radio-labeled 
pharmaceutical. The question I want to 
address concerns the extent to which 
anyone engaged in the approval of 
such activities can base his or her opin- 
ions and decisfons on firmly logical 

r rounds. In other words, in assigning a 
eve1 of risk to be expected from a iven 

exposure to radiation, when shou f d we 
feel that past experience dictates an an- 
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swer and when should we admit that 
estimates contain significant judg- 
ments that might differ among "rea- 
sonable" people? While I. can offer no 
find answer to this question, I shall ex- 
plore the features of such an answer by 
examining a distinction between 
"truth" and "meaning" in science. 

One method for dealin with prob- 
lems requiring a great dea f of scientific 
expertise is to seek the opinions of the 
scientific community. Acting on the ba- 
sis of estimates provided by a scientific 
expert involves accepting the best 
judgments made by people who have 
carefully examined the past. The idea 
is that all reasonable people, if only 
they had the time and training to ex- 
amine ths scientific evidence, would 
arrive at identical scientific judgments. 

Scientists do not, however, come to 

to be found In an organ or t&us at 
some time after entering the body. Dos. 
fmetric models describe the relation be- 
tween the physical l a t ion  of the 
radionuclide a t  the t h e  it undergoes 
decay and the points at which this radi- 
ation is absorbed by the body. Finally, 
radiobiolo ical modek rtnvide esti- 
mates aof t &, e biological e f;  ect expected 
&om a opecffied level of absorbed radi- 
ation. 

Each of these models must be spec- 
ified before the risk expected from ex- 
posure to radioactivity can be deter- 
mined. Conversely, any scientific esti- 
mate of radio enic risk employs such 
models, with t % e confidence in predic- 
tiom being i1.1 rough proportion to the 
confidence in the underlying models 
and empirical data. Let me start b ex- 1 arnining the general role of mode s in 
making decisions and return at the end 
to an assessment of the validity and im- 



pact of mode lr of thr im- should feel justified in acting on the ba- 1. Persons injected with ten grams of 

posed upon various age by sis of the inference. Of equal impor- radium have a risk of one in ten of 
tance, however, is the observation that death. 

intake of a radionuclide- these same experiences do not appear 2. Risk is proportional to the a m w  
to make any other inferences meaning- of injected radium. 

~ationality and Choice fd. Their existence, f ~ r  example, would 3. Therefore, if one gram of radium is 

do we we ray that not serve to give rnwning to the state- injected, the risk is one in a hundred 

a decision arrived at rBtiamI]y rnent, "John will fail to incorporate ra- (one-tenth of what it would be were 10 

(for think the two are related) scientif- dium"-unless, of course, I introduce grams injected). 

ically? *here is a clear reference to the premise that the opposite of the 4. John has been injected with one 
some relationshfp between strongly past sometimes occurs. As we shall see, gram of radium. 

held beliefs the final decision. Ra- this quality of singular implied mean- 5. Therefore, the risk of death to John 

tiona{*ty is a process of ensuring that ing is ndt typical of bodies of experi- is ane in a hundred. 
each of those beliefs plays some role in ence emplo ed in arriving at scientific This syllogism, then, is  precisely the i' tampering that decision. It provides a estimates 0 risk. kind of reasoning we feel lies a t  the 
framework for discussion, serving both In general, the problems faced by base of scientific statements. The crit- 
to focus attention on cmcial beliefs and members of an IRB differ from the ical step here occurred in line 2, where 
to determine the importance of all past above example in two fundamental re- th6 model was interposed between past 
experience in light of future goals. In spects. In the first place, the necessary experience and the inference. If an- 
short, it gives a coherent set of state- inferences are riot of an "eitherlor" na- other model had been inserted-if we 
merits; toward which we can direct our ture, but rather are on% of degree. We assumed, for example, the risk to be in- 
logical and emotive faculties. usually take as a iven that an experi- dependent af tha arnaunt of injected 

I have in mind the syllogism as a ment i n~dv ing  ra 8 iation exposure will radiurn-then the inference would 
classical, albeit simplistic, example of impose some risk on an individual (un- change. The disquieting suspicion is 
rationality or rational thou ht. Syl- less there is a threshold of some sort). that many lines of rational thought 
logistic raasoning starts wit % a few We would like to know the level of that might be possible if we should find our- 
"givens" of experience, a g . ,  "In the risk, so that we can compare it with the salves in the uncomfortable position of 
past, humans injected with radium ia- benefits. This implies a need to deter- havin several plausible models. Each 
corporate it into their bones; John is mine, for example, the quantitative ex- mode f ensures that the assignment of 
humanJ'-and proceeds to infer some- tent to which injected radium will risk will be a rational pFocess, yet each 
thing new-"If injected, John's bones incorporate into John's bones, and not process leads to a different estimate of 
will incorporate radium." The strength just whether it will enter. This re uire- t h ~ t  risk. It is not enough, then, to in- 
of the inference is determined by the ment becomes & si nificant pro ]em sist on rationality in the simple form f 1 
extent to which the "givens" are known whm seen in light o the second differ- offered by tha original syllogism. WP 

g+$ 
to be true and the force of our belief ence, namely, that new experiments must have a rational basis for choosinl 

, .%:- about the relation between past experi- are being performed precisely because between or combining cornpetin lines 
2; =$? 3 ence and the present. Weakness within past experience does not dictate the of reasoning, of assigning some fi igher 

any rational thaught creeps in when- outcome. Instead, this experience ex- level of meaning to each rational 
ever these "givens" are questionably ists in bits and pieces, which are s u p  scheme. That brings us, at long last, to 
true, or when they are not clearly ap- gestive of the outcome of the new science and the role it plays in rational 
plicable to the task at hand. In other experiments, as long as we are willing thought. 
words, through rational discussion the to make come a~surnptions. The state of science at any moment 
facts (or "truths") of past experience These assurnptians comprise the ancompassas the beliefs of all compe- 
impart meaning to statements about models on which much of science is tent practicing scientists. If, at a given 
the future. based. Models provide a framework of moment, I choose to answer a question 

I've chosen this particular example rationality by which we can relate past that requires, scientific knowledge, then 
because it represents some sort of ideal experiences to future expectations. I will find individual scientists who dis- 
toward which all definitions of rstian- Without them, we can't determine tho a ree about the nature of that h o w l -  
ality strive. Each "given," or a priori effect of any important differences that e 8 pe. How can this be true if, as we all 
condition or belief, is verifiable ern- mi ht exist between past experience learned from Sir Karl P ~ p p e r , ~  science 
pirically by all humans and hardly sub- an! a proposed experiment. To be cominuourly pushes forward with a 
ject to reasonable contention. In addi- more precise, we might be able to guess single, growing truth? Are some of the 
tion, I believe that the simple logical the direction in which the effect will scientists simply out of step with this 
principles employed (namely, that the move but not the extent of rbe move- truth, choosing for personal reasons to 
physical future i s  governed by the sarna ment. ignore the rules of logic and bodies of 
laws as the past, and that the member For example, suppose we want to in- past experience? Wouldn't these dis- 
of a group is subject to any physirial fer the risk irnposud on John by inject- senters, when struck with pangs of 
law controlling the other members of ing a given amount of radium, say, one guilt, see the light and adopt the offi- 
that same group) to be strongly held by gram. Imagine further that past expori- cial singular "truth"? Thomas Kuhn, 
all "reasonable" people. ence has been restricted to studios in in The Str~tctiire of Scientific Hevoltc- 

While the final ~nference cannot be which ten grams of radium have been t i u t ~ s , ~  answers these question?, with a 
proven true, in the deepest sense of the injected, and that measured risk in tkis reboundfr~g "llo," alld I agree wlth him. 
term ''a priorill (that is, priur to inject- hypothetical situatian was found to be The reason is found precisely in the in- 
irlg John), i t  nevertheless seems clmr a one in ten chance of death. On? sistence on in science and 
that past e~prriencil makes the in- modal might consist of the assurnptiorr the resulting need for models of rcalfty. 
frrcnce highlj likelj. In other words, that the risk is in direct proportion to Theories, their associated mod-( 
pabt experience imparts strong lugical the amount Injected. We could then de- sls, aro crucial to the progress of scien- 
meaning tu the  inference and one velop the fo!lowing ~ ~ l l o g i s n ~ :  tific knouledge. M'ithout them the 



is faced with a jumble of expe- 
riences, some relevant end some f l d e -  
vagt. This disordered body of experi- 

?ce is by no means logically con- 
2cted to inferences. Theories and 

mod~ls bring some partial order, albeit 
an artificial one, tu this chaos, serving 
to explain each experience In terms 
that encompass all similar experiences. 
In fact, they dafine what we mean by 
"similar" and "relevant." 

Without these theories and models, 
have no way to logicaJly com- 

pare inferences about the future, no 
language for dfscussin$ why particular 
experiences are important and why 
they suggest any iven inference. Fur- 
ther, theories an '! models provide a 
means for assigning a quantitative and 
qualitative degree of validity to that in- 
ference, with the strongest support 
going to inferences arising from the 
model best able to provide an explana- 
tion of ast experience. 

Mode's P are necessary constmctions 
for rational thought and scientific de- 
bate. Because of the fragmentary na- 
ture of scientific experience, consisting 
of isolated experiments, one oftan is 
faced with several cornpetlng and per- 
fectly logical models (Kuhn uses the 
term "paradigm"). Recall the dot 
drawings over which we all labored as 
zhildren, carefully connecting the 
numbered dots to create a picture. 
rake away the numbers and you can 
see the plight of the scientist. We find 
one pattern among, the dots just in time 
to be confronted by an alternative pat- 
tern. It is not clear which is the "cor- 
rect" pattern. The number' of such 
patterns may not be infinite and, if wet 
are lucky, they may share some general 
features. If this is the case, we mav not 
care which pattern we choose as a &asis 
for action, because each may function 
heuristically like the others. This ohen 
happens with scientific models, each 
leading to roughly the same set of in- 
ferences about the future. in any event, 
increasing the number of dots or expe- 
riences may narrow the range of rea- 
sonable pictures until only one re- 
mains. Unfortunately, this fs rarely the 
outcome, exce t in certain realms of 
fundamental p ! ysfcs. 

Differences between models do exist, 
however, and they lend to quantitative 
differences in inferences and extrapola- 
tions (such as the risk of kjecting John, 
in our earher example, with one gram 
of radium). Individual scientists may 
t ~ d l  choose to ivork within a single 
model, recognizrng that choosing the 
"wrong" model may still serve as a 
lguide to the truth, mcouragir,g the 
right questions to be posed and an- 
swers sought This choice often is based 

on the ''mbst likely" model, the one act on the basis of a model just because 
sho&rrg the best fit [concordance) be- it is ''most likel] ." The strength of the 
tween its predictions and past experi- modal in explaining past experience 
ence. Sometimes there i s  ganeral scicn- and of its relavance to the future expe- 
tific agreement on which model is rience must also be considered. Where 
"most likely" ta be correct, This con- this support is weak, or where other 
ver ence nf opinian onto a "most models are equally strong, it is per- 
like ? y" modcl is accomplished by the fectly rational to postpone a decision or 
scientific comrntinity through personal to include consideration of competin 
contact, conferences, and the review of models. The lave1 of strength require i 
journal articles acd experimental pro- before a single model is chosen as a ba- 
tocols. sis for action is not arrived at logically 

Complete agreemgnt within the corn- but i s  instead a ersonal judgment. P munity usually does not hold, however, There i s  no reason or this judgment tu  
due to differences of opinion over be the same in all reasonable people. 
which experiments am to be counted as Developing, plausible models of real- 
tha "redity" that a model must fit. One ity will, with good reason, remain the 
model often works best in one realm of task of science. Only the scientist per- 
experience but mwt  yield to another ceives the vast body of basic empirical 
model in a different r~a lm .  It is not al- experience from which rational choice 
ways clwr which realm is most rele- must spring. We cannot accept a line of 
vant to the task at hand. In addition, reasoning, completely until we've seen 
experimental measurements are to the physics1 cvidence on which it, in 
some degree imprecise, and the ~ h -  part, depends. That's why an IRE turns 
served quantkies bounce about during .to the scientific expert for assibtance. 
asd between ex eriments, This leado to There is good reason to assert, in addi- P statistical prorb ems that demand that tion, that science should rovide rec- R each model continuously predict an- ommendations regarding t a degree of 
swers varying to some extent from past sup ort to be accorded any given 
experience. mo $ el. This degree of support may be 

A given modal, than, becomes quantitative, as in the case of statistical 
"likely" in li ht of past experience, measures such as "goodnes~ of fit." An d with models iffering only in their as- example here would be any attempt to 
sumptiom and in the degree of this quantify the extent to which a model 
"likelihood." Each mods1 is possibly predicts the existing data. It is the basis 
the pa rue" one, and the past cannot tell for assignin numerical values to esti- 
us which it is. All i t  can dictate i s  the mates of rfs k , and is backed by a long 
extant to which any given model ought history of thought and research. The 
to be believed. In any event, individual degrea of support may be qualitative, 
scientists, or the scientific community, recognizing that a scientist often must 
still are free tu choose a sin le model make judgments based on tacit kno~vl- R laad line of rationality), wit the un- edge derived from experience but trre- 
demanding that they wili pay the ducibIe to methemptical terms. Two 
price uf choosing incorrectly. I don't models might for instance predict 
believe that those faced with societal equally well the experience and yet one 
decisions (and I include the IRB is this might ba based on assumptions that 
group) can make this assumption. appear unlikely. In this cam, the scien- 

Therefore rational decisions must in- tist may indeed have some subliminal 
elude a consideration of all osstble reason for the judgment, and we would t lines of rational thought; our et ical re- like to include this form of wisdom. On 
sponsibilities involve a consideration the other hand, this judgment ma3 be 
of the inferences arising from a11 such no more than a random guess, unsup- 
lines. The amount of relative consid- ported by fact. 
eration given to each estimate of risk 
will depend on the degree of logical Models of Radiogenic Risk 
and scientific support, as well as value - 

judgments on the consequence of fail- Up to this point, we have been look- 
ure. However, the principle of choice ing at the question of risk assessment 
employed m i l l  depend on the conse- from n purely theoretical viewpoint. 
quences of an iacorrect decision. An in- The followin discussion will, I hope, 
correct decision in science delays our provide Insig f t into the effects of mod- 
collective pr-ogress toward"tr-uth," and els on estimates of radiogenic rick. I 
may nlso mean a loss of prtlstl e for the shall employ a single example thl.ougj~- 4 individual scientist. As a resu t, scien- out; a n  attempt to estimate risk inl- 
ticts tend to justiiy using the "most posed on ~i chlld by inhalation of a 
Ilkely" model in their research. radioactive compound. The example 

This choice is by no means a bimpie should reme to illustrate the use of all 
one, huwever One dom not necessarilj three tlpas of models describe6 ear-llel 
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dosimtltric, and radi- and hysical factors have been used to value w!ll be, although past experience 
obiolugical). In addition, 11 will, damon- dsve ? up a model, which tn turn pre- su gests the extent to which any given f srratz the varying levels a t  which di~,ts well the deposition in adults \ a  ue should uccur. Since sirnllar expr- 
:onsidaraiion of uncertainties n a y  en- (within the bounds of variability noted riences are much less certain in ch 
ter the use of models. To avoid rhe above). Since the model i s  derived from dren, it has beec necessary to develop 
teaptation of reverling to a highly knowledge gained by extensive experi- modal relating or an size and rate of 

onuclide will be assumed. 
8 technical discussion, no specific radi- ence with more controlled experi- growth to the age- ependent arnount of 

ments, we assume the model to be uptake of a radionuclide. Unlike the 
The dose delivered to the lung by in- sufficiently similar to the "true" model case of the lung, however, the concep- 

haled radioactivity depends on two to warrant action on the basis of its tual strength of the model is rather 
factors-the arnount of a radionuclide predictions. This was supported re- weak, rime we have no real under- 
deposited in each breath and the length cently when my own m ~ d d  predictions standing of the underlying physical 
of time it remains in the lungs. A large for various a os were compared to and chemical processes. Different mod- 
number of measurements are available those obtaine g from another model, els here yield both different results and 
on the first factor in adults, Direct ex- This second madel, developed by an- ,different feelings of "reasonableness" 
perience includes studims using varyin other re&arche?I and starting from dif- about the assumptions. 
panicle sizes, breathing patterns, an! ferant assumptions, yielded results r e  The total length of time a radi- 
states of health, each of which affect markably similar to my own, an out- onuclide remains in an organ may also 
the amount of deposition. If the subject came more aften the exception than the be determined partially from ast ex- 
were on adult with a breathing pattern rule, and indicating only the reiarivs perience. This experience i s  fimited, 
and state of health similar to the hu- simplicity of the, problem. since oxperimenters usually cannot fa\- 
mans in past experience, there would We "feel," therefore, that tha models law a subject for great lengths of time. 
be no need to introduce a model and are similar and that acting, on the basis In order to determine the risk, how- 
the reasoning would be the same as in of one is essentially the same as acting ever, we need to know the behavior of a 
our original syllogism. However, past on the basis of the other. This is what 1 radionuclide over Ion er periods of 
axperienca itself i s  ambiguous; the meant earlier by saying that the two time (althou h this is % ess important 
rnearurernentr differ from experfmant models might be "hauristiullyJ' the for radionucf;der that decay quickly). 
to experiment, subject to subject, and, same. At the same time, It must be rec- Models are, therefore, necessary to ac- 
ultimately, between separate expo- ognited that we can't quantify our un- count :or the behavior of the radi- 
sures to tha same subject. All that can certainty, since there is no direct onuclide at times longer than the 
be said about the dzposition in any fu- experience to provide a means of corn- length of past studies. 
ture experiment i s  that past experience parison. Both models, of course, re- Different models can, and do, "fit" 
suggests it will be between such-and- quire information on lung anatomy for the available adult data equdly well 

- .- such bounds, with a "most likely" the subject. This specific information and yet lead to differences in predicted, 
value equal to the average of past a p e -  rarely is available, but has been meas- behavior at longer times. A typical ex1 - riencas. The exact daposition cannot be ured in orher people of similar ages. ample here would be the use of expu- 

-"- - rgecified, although various statements Once again. there anatomical measure- ncntiai lnct ioni  or a power function. 
a out it can be given. It is possible that mcnts vary between individuals, and Inferences using both approachas, 
the deposition in a specific subject will we cannot knocv which set of measure- where appropriate, should be devel- 
be greater than (or less than) the aver- rnents applies to the current subject. oped and considered within a total 
age. Just how possible this is will do- The best we can do is to look at the scheme of rational choice. Such a 
pend on the numbar of times in the effect of using any given measurement scheme muet also recognize that these 
past that the average was exceeded. in making predictions and compare functions themselves vary between in- 
The credence placed in any estimsrte of this to the predictions using another dividuals. Different scientists also use 
deposition can be roo greeter than the measurement. Each prediction then re- different bodies of data to infar this 
fraction of past instances in which it ceives credence (or meaning) according function, wit11 some the 
was obbenwd. to the chances that our subject has this rather extensive "nonhumnn" data 

Whst is the "true" deposition going particular anatomical value. In any over the scanty "human" data. In any 
to be? That is a truth which science awnt, predictions using simple aver- event, the uncertainty here is interme- 
cannot claim to know, and yet R state- a e values should be accurate to within diate. The models themselves have f men[ concerning this deposition i s  nec- a actor of 2 or 3 f o ~  es&entially any sub- only moderate conceptual support, but 
essary in an? rarionsl line of thought Ject under controlled experimental there are enough data to check their be- 
on the ~ubject of risk. If 10% of the past condltiuns. havior at early times after injectiun. 
maasure~mnt$ of deposition were Radionuclides deposited in the lung Similar problems arise in the models 
lrirgar than the averago by e factor of 2, can enter the bloodstream, and the fol- for dosimetry and radiobiologv, al- 
xve must assume that these is a 10% lowing remarks apply both to these ra- though i t  he noted that do&- 
chance of our present subject receiving diunuclides and to those that are in1etric models are usually much more 
tuice the ebtimated (average) deposi- injected directly into the blood. The re- certaill than metabolic models. I t  is 
tion. An important point hare is that marks also apply to the injection of rare that the dosimetric model lvilf in- 
past experience allows us to cluanl l f i  new drugs regardiess of whether they troduce an  error lnore :ban 50%. Ra- 
the uncertainty. are radioactive. The dose delivered to diobivlogioal modeis, however, rhow 

Much less direct experience is availa- an organ depends on the fraction of the great tariability in estimates due to 
blc on deposition in children. This de- radionuclide that Cnters the or a n  ~ n d  different assumptions about the \ \a?$ 
poaltltx~ can, however, be predicted by the Irngth of t h e  It rgmains t E ere. As in \+bich radiation causes cancsr. 
developing a mathematical model of in the case of the lung deposition, t h ~ s  A good example of this i s  the recent 
the lung that incorporates all hnoun Initial, fraction varies wdely bctxvcen controversy over the National Acad 
factors likely to influence depoa~tion. Indixjduals atld we cannot kaolv, prior ern?; of Sciences B E ~ R  report 9 The con 
These basic physiological, anatum~cal, to an experiment, what the actual troserss \\,as esscntiallv double-sided, 



involving a choice between rulative 
and absolute risk models and betwen 
various models for extivpoiuting risk 

jtinlates from studies at high doses to 
lose a t  low doses. The choice between 

relative and absolutc risk models in- 
volve& a decision concerning the likeli- 
hood that radiation-induced cancer 
acts in conjunction with "naturaily- 
induced" cancer. There is no way to 
quantify this likelihood. Each model 
has its advantages, and regulatory 
bodies usudly look a t  risk estimates 
ari6ing from both and then base their 
decisions on a subjective appraisal of 
each. 

The p~-ublem of extrapolation tu low 
doses illustrates the impact of uncer- 
tainty on selecting a single inference of 
risk from anlong a range of inferences. 
As in the choice &tween absolute and 
relative risk models, choosing a meth- 
od of extrapolatio~n requires some 
knowledge of the way in which radia- 
tion causes cancer. Unfortunately, this 
process i s  not well understood; we typ- 
ically look for guidance in the "shape" 
of the dose-risk curve a t  hi h doses and f hope that this "shape" wil continue to 
be true at  low doses, Due to the small 
number of past exposures to radiation, 
the data arc highly variable, and it is 
difficult to determine what curve 
"shape" best approximates past experj- 
nce. 
The best we can do (with honesty) i s  

to determine the extent to xhich any 
proposed "shape" explains this experi- 
ence. We can, then, develop a nunxri- 
cal "measure" of how well any shape 
fits tho data and use this "measure" to 
compare different shapes. Each shape 
unters jntu the process of decision ac- 
cording to its relative ability to explain 
the results of data at high doses and the 
extent to sbhich the model assumptions 
are reasonable in light of currens radi- 
obiolopical knowlr&e. 

An alternative approach to decisions 
has been used in the past in setting ra- 
di~t iun protection standards. In fact, it 
is probably the approach scientific ex- 
perts use lnobt often in reportin to an 
IRB. The approach recogcizes t f 1e un- 
certainties involved and chooses a 
"plausible" model, which L I . I ~ I  p~,t'dict 
the highest ribk. This model i b  the lin- 
ear extrapolation model and assumes 
that the risk is directly roportivnal tv 
the dose. We believe t R js  estimate of 
llpk to be "wrong" in some sense, but 
feel that it is at least wmng in the 
"right" direction. In other words, if the 
estimaie should pre1.a to be incorrect, 
i t  is k c r s  likely that the risk w i l l  ha1.e 
h e n  overrstii3ia:ed. This proljdes a 
margin of error and, one hopes, the 
"true" risk n i l 1  turn out to bc n.u~ch 

lu$s. (Note that rhe idea of being wrong ing about this integration. The real 
in the "rifht" direction already in- meaning of any scientific estimate d 
volves a JLI gmmt  about which type of risk will then emerge more clra!-iy 
decisi~n error is dehablc.)  Combining all the conbiderations I 

We cannot, however, eliminate the have discussed is the intent of "uncer- 
possibility that even this conservative tainty analysis." This field is currentl) 
estimate of risk may be too lutv. In ad- playing a role in determining the cx- 
dition, t h h  estimate applies to an aver- tent to which differing estimates of ra- 
age person. If the relative risk mudel is diation risk should be included in 
co~rect,  there is a chance that the risk governnzent decisions on nuclear 
to d specific subject may be much power, waste disposal, etc. Perhaps i t  is 
higher, ar lower, than the average. This time for IRB members to employ simi- 
is not a problem for regulatory agen- lar techniques. These techciques re- 
ties,-since they make decisions con- quire that we ask quastions beyond 
oernin the population as a whole. It i s  those associated with obtaining the f a prob em lor an IRB faced with deci- "best" estimate of risk. In particulal-, 
sions concerning particular subjects. one must determine whether direct ex-  

Uncertainty Analyals 
My intent has been to show the rela- 

tion between experience and rational 
inference, to demonstrate, both ab- 
stractly and with concrete examples, 
that physical experieilces coupled with 
rational sciantlfic reasoning does not 
yield a single, unequivocal "truth." 
Rather, the truth at any given moment 
is a wide array of inferences derived 
from applying cornpetin nodels to an f often ambiguous body o airect experi- 
ence. Rational decisians include recog- 
nition that any one inference within 
this range might in fact be the "truth." 

The scientific community will con- 
tinue to assess this assemblage of 
"truths" and assign some measure of 
credibility to each one. lndividual sci- 
entists, or the community as a whole, 
can then be called upon to determine a 
single truth on which to act. Howeter, 
the axtent to which Inferences far from 
the average nil1 be utilized in a daci- 
sion, and whether a decision hill be 
made at all, depend upon the conse- 
quences of that decision. In choosing, 
the scientist is looking at  a different set 
of consequences than 1s a subject of 
human research. If the consequences 
are not reat, i t  i s  expected that the 
,' most ii a ely" iilferance may be ern- 
plo) ed by both scientist and subject. As 
the ribks be~orne raver, houwer,  
these "less likely" in f erccces will take 
on added weight and  meaning. In that 
c a m  one might hc an t to act on the basis 
of estimates that are felt to be along the 
uppermost bounds of the true ribk This 
is probabi? the caco today in ubing lin- 
ear dosa-response curves, although b e  
cannot be sure. The ul~irnate meaning 
assigned to bciexlttfic astimates of risk 
~ h ~ u l c l  perhilpb be tiit; result of an Intc- 
gration b c t ~ v e m  thc estimates of poten- 
tial risk and the \dues  of tho subiect or 
patient. The most difficult tash of an!- 
one faced :\it11 making such a deci- 
don-e g., fur an IRB-i, to detdop a 
language and social sgreni  for I31ing- 

perlence is available and if it is similar 
to the proposed study. If the experience 
is  identical with the proposed study, 
we must then determine i f  a single 
value has always been obtained in the 
pab.t or whether different subjects show 
different values, such as in lung deposi- 
tion. If there is some way of accounting 
for these differences In the past, we 
must ask if knowledge about the pra- 
sent subject can serve to datermine his 
or her specific deposition. If buch 
knowledge is nat available, we should 
not profess to "know" the true deposi- 
tion. 

In additim, u e  must know uhether 
the scientific expert has emplqed a . 
specific body of experience in estimat- 
ing risk (such as the atomic bomb sur- 
vivors] and whether the use of other 
bodies of experience (such aa children 
irradiated for diseases) might yield dif- 
ferent estimates. We need to determine 
the relative strengths and weakn~sses 
of these alternative experiences in light 
of the task at  hand. 

When models must be empiojed, i t  ts 
necessary to determine hou many such 
rnodela mist within the scientific com- 
munity and the extant to which each 
can be supported. The risk astlmates 
arising from all such models should 
then be compared to determine their 
effect on decisions. If the models them- 
selves require a knou ledge of the ph? s- 
icnl condition of the subject, we must 
determine hob\ well this condition can 
be specified. We must ask whether the 
expert is using conditions specffic to 
the subject or whether average condl- 
tions are befn assumed. If the Inttar io 
true, we nee L! to know the esttnt to 
\\ hich these  condition^ might he differ- 
ent in  the prexnt subject. 

Lrncart.ninty anal>bis is not easy t o  
perform. The person doing the a n a l ~ d s  
must underrtancl the I-elation bet\\ e m  
available experience, models, and in- 
h e n ~ e s .  As I mentioned earlier, there 
may be times when the bpread of posri- 

(Conr)r~rwd r)li J>(igP 12) 
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blc infesonces is so small that one feals 
acting an the basis of the 

"most l fk~ly"  cstimctte of risk. It is not 
possihlr: to learn if this is true, how- 
war ,  until the proper questions are 
asked. 

I have tried to point out a few key 
clrQas in which scfcntlsts may be ex- 
pe~ted to dfsag~w, despite firm rules of 
reasoning. These arpas will continue to 
exist, and members of am IREi must 
confront them. Technical oxparts have 
the tools to provide the necessary infor- 
mation for an analysib of uncertainties: 
even if they are not always aware of i t. 
In the future, the role of the IRB may 
bagin to shift f r u n  that of a passive re- 
ceptacle for scientific "tmths" to one 
that active11 arsumes respunsihillty for 

msaning to competing esti- 
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