
PATRICK SUPPES 

THE LOGIC OF CLINICAL JUDGMENT: 

BA YESIAN AND OTHER APPROACHES 

Not many years ago it would have seemed impractical, if not impossible, to 
have physicians and philosophers engaged in dialogue about the logic and 
nature of clinical judgment. The philosophers would have been unwilling or 
unprepared to think about matters that on the surface seemed far removed 
from classical philosophical problems. Physicians on their part would have 
been wary of entering into the labyrinth of methodological issues dealing 
with the relation between judgment and evidence. Now it seems wholly 
natural to have such an interaction and to have a conference that focuses on 
clinical judgment, with physicians and philosophers doing their best to inter­
act and to understand each other's problems and methods. 

I am sure that a difficulty for all of us is not to get carried away with 
expounding the technical subjects on which we are now working and to strive 
to communicate at the appropriate level of generality and simplicity. I know 
from experience that medical talk about any specialized area of disease can 
almost immediately get beyond my competence and knowledge if the full 
clinical details are presented. Over the past several years I have had the pleas­
ure of talking about matters that are generally relevant to this conference 
with my colleagues in the Stanford Medical School. A number of these con­
versations have been with members of the Division of Clinical Pharmacology. 
I have been pleasantly surprised at my ability to get a sense of the problems 
they consider important to attack, even though the detailed terminology 
and data of clinical pharmacology lie outside areas of knowledge about 
which I claim to have accurate ideas. I think that the same goes for my own 
areas of special knowledge. It would be easy enough for me to raise particular 
questions in the foundations of probability or decision theory that are of 
current concern to me and that have some general relevance to the theOlY 
of clinical judgment, but that would be too specialized and esoteric for 
detailed discussion in this context. No doubt I shall not be able to be totally 
austere in this forbearance and will occasionally at least allude to current 
technical interests of my own that have potential relevance to the topic of 
this conference. 

There is of course another danger - a practice of which philosophers are 
often guilty - that what I have to say could be formulated in such a general 

145 

H. T. Engelhardt, Jr., S. F. Spieker and B. Towers (eds.) , Clinical Judgment: A Critical 
Appraisal, 145-159. All Rights Reserved. 
Copyright © 1979 by D. Reidel Publishing Company, Dordrecht, Holland. 



146 PATRICK SUPPES 

way that it would not really be of interest to anyone, perhaps because the 
ideas in their most general form are already widely familiar. 

With these considerations in mind I have divided my paper into four sec~ 
Hons. The first deals with probability and the general foundations of statisti­
cal inference, with attention focused on the Bayesian approach. The second 
section enlarges the framework of probability to that of decision theory by 
introducing the concept of the value or utility of consequences. Unlike many 
applications of modern decision theory to scientific research, the application 
to clinical judgment seems especially natural and appropriate. The third 
section deals with models. The main point here is that a general theory of 
decision making is no substitute for particular scientific understanding. The 
fourth and final section deals with what seem to be some of the perplexing 
problems of data analysis in medicine, at least from the perspective of an out­
sider who has had more problems and experience with data analysis in other 
areas than he cares to think about. 

of 
medicine. 

L PROBABILITY 

some of the foundational views of do not in any 
natural way lend themselves to the clinical practl(~e of medicine. One 
tant and fundamental to has been to empn;aSl;;~e that 

rests on the estimation of relative ",.OrlH,:>.,."",,., of favorable 
pm:S.l.ble cases in some repeatable of which games of 

palamgm VH,,,-,"p-'-"'u>. The in medicine 
lend itself to this rela-

come to a numerical estimate. When 
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the forecaster says that the chance of rain tomorrow is 60 percent, he is not 
using in any direct way the relative frequency approach but is expressing his 
degree of belief even if he does not himself explicitly use such language. 

Physicians, it seems to me, generally do not need any persuasion about the 
importance and value of the expression of a degree of belief as an approach to 
probability. This approach is often called Bayesian because of its early lucid 
formulation as a foundational viewpoint by the Reverend Thomas Bayes in 
the 18th century [1]. 

The centerpiece of this approach is Bayes' theorem, which says that the 
posterior probability of a hypothesis, given evidence, is proportional to the 
likelihood of the evidence, given the hypothesis, times the prior probability 
of the hypothesis itself. If consequences are ignored, then the maximum of 
rationality that follows from Bayes' theorem is that we should act on the 
hypothesis that has the highest posterior probability. 

Let us examine some of the difficulties in a direct application of Bayes' 
theorem to clinical practice. A general problem is the unwillingness of many 
physicians, on the basis of temperament and training, to put themselves in an 
intellectual framework that calls for probability judgments in diagnosing a 
patient's illness. It seems to me that there are two good intellectual reasons 
for this resistance on the part of physicians. The first is skepticism that a 
mechanical or semimechanical algorithm can be as effective in assessing a 
patient's state as the intuitive judgment of an experienced diagnostician. It 
has not been part of the long tradition of clinical practice to attempt numeri­
cal assessments of any kind, really, of a patient's state, and an experienced 
clinician can be skeptical that a reduction to a numerical statement is feasible. 
There are many kinds of decisions or judgments we make that are not easily 
or naturally reduced to verbal rules, let alone quantitative rules. Perhaps one 
of the simplest examples that has received a good deal of study in experi­
mental psychology is the way in which we recognize faces or familiar smells. 
Either in the visual case of face recognition or in the olfactory recognition of 
familiar smells the verbal descriptions we can give of the evidence on which 
our decisions of recognition are based are extremely poor and vague in char­
acter. A reduction to explicit rule of recognition procedures in either of these 
relatively simple but familiar domains would probably be unworkable for 
even the most articulate. Similarly, so the argument goes, the intuitive judg­
ment of clinicians is based upon a depth and range of experience that cannot 
be reduced to explicit rules. 

The second major argument against Bayes' theorem is that even in alenas 
where explicit data, for example, of a laboratory sort, are being considered 
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and a framework of explicit concepts is being used, there is often no natural 
and nonarbitrary way to incorporate new objective evidence within a feasible 
application of Bayes' theorem. In this case the evidence is explicit and the 
data are objective, but we do not have explicit rules for calculating likelihoods. 
We especially do not have such rules when we suspect there is strong proba­
bilistic dependence among various parts of the evidence being considered. 

I respect both of these arguments in an essential way. As far as I can see, 
there is no reason to believe that the time will ever come when we can have 
any simple direct mechanical application of Bayes' theorem or similar statis­
tical tools to provide a satisfactory but automatic diagnosis of an individual 
patient's illness. This does not mean that I am against pushing the use of 
Bayes' theorem and other similar methods as far as we can and indeed insist­
ing on as many studies as possible of their feasible application. A number of 
studies, in fact, of the use of Bayes' theorem in medical diagnosis have already 
been made, and several with quite positive results. For example, Warner et al. 
[13] incorporated Bayes' theorem in a computer program that was used in 
the diagnosis of congenital heart disease. The program that applied Bayes' 
theorem classified new patients with an accuracy close to that of experienced 
cardiologists. I shall not attempt to survey here the number of other excellent 
studies in this direction. A good brief survey is to be found in Shortliffe 
who is to what has been demonstrated thus far but who is at the 
same time dissatisfied with a statistical approach as being anything 
like the final word, 

The three sections of this paper deal with broad COIlcePIS 

think are necessary to augment a to clinical 
Before to these matters, I do want to emphasize that I have made no 
.,tt,o.rn,,,-;l- here to enter into the technical of the Bayesian 
theory of statistical inference or alternatives that have been stud~ 

ied mathematical statisticians over the several decades, 

II, EVALUATION OF CONSEQUENCES 

The standard Bayesian often emphasizes the assessment of 
beliefs and how these beliefs change with the accumulation of new evidence, 
The theoretical of decision has empn:aSl2~eC1 
the fundamental of belief but also of evaluation of conse-
quences, It is my irn,,,,.,,,,~,,ir\n that the current literature on clinical iW"'F.'H''''U~ 

in medicine has much more on methods for assessing be~ 
Hefs and than it has on rational methods of 
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evaluating the consequences of the decisions taken. There is undoubtedly a 
sound intuition back of this emphasis. If all the evidence is in, it often seems 
clear enough what action should be taken and what the anticipated conse­
quences of the action will be. For example, if a is diagnosed with 
extremely high probability to have a particular infectious disease for which 
there is a standard, highly specific treatment, and, moreover, the probability 
is low that any known side effects of the treatment will have deleterious 
effects on the patient, then the main task of decision making is over. The 
consequences of deciding to prescribe the standard treatment seem obvious 
and do not require extended analysis. 

The difficulty, of course, is that this kind of clear situation seldom obtains. 
Moreover, in the context of modern medicine, a new factor has arisen which 
has already led to some emphasis being given to problems of evaluation of 
consequences. This is the problem of holding down the cost of laboratory or 
physical tests [3] . 

In practice, of course, physicians do automatically attach some evaluation 
of consequences, including the cost of laboratory tests, for if they did not, 
the rational decision would always be to require as many laboratory tests as 
possible in order to maximize the evidence available in making a diagnosis. 
Reasonable rules of thumb no doubt were appropriate and proper in the past. 
With the much more elaborate possibilities available today, and with the costs 
rapidly rising of the more sophisticated laboratory tests, it also seems appro­
priate that more elaborate tools of decision making will come to have a 
natural place in clinical judgment. 

It is safe to predict that, with the national concern to control the costs of 
health services, attention to the problem of costs just mentioned will be a 
major focus of both theoretical and practical work on clinical judgment. I 
would like, however, to focus on some different issues that arise from the 
evaluation of consequences and that have possible implications for changing 
the traditional relation between physician and patient. What I have to say 
about these matters is certainly tentative and sketchy in character, but the 
issues raised are important and, moreover, the tools for dealing with them in a 
rather specific way are available. 

The issue I have in mind is that of making explicit the possible conse­
quences of a decision taken about medical treatment on the basis of clinical 
judgment. Traditionally, no very explicit model of evaluation is used by the 
physician either for his own decision making or for his consultation with 
the patient about what decision should be made. It is a proper part of the 
traditional relation between physician and patient that with certain unusual 
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exceptions, the final decision about treatment is the patient's and not the 
physician's. On the other hand, it is a part not only of traditional but also of 
modern medicine for the vast majority of patients to accept the treatment 
that is preferred by the physician. I have not seen any real data on this ques~ 
Hon but it would be my conjecture that in most cases the physician makes 
relatively obvious to the patient what he thinks is the preferred treatment. In 
cases of certain risky operations or experimental drug treatments, etc., almost 
certainly there is a much stronger tendency to layout the options for the 
patient and to make explicit to him the risks he is taking in the decisions he 
makes. 

It is especially the decisions that have possibly grave negative consequences 
to the patient that suggest a more explicit analysis of the decision process. To 
provide a concrete example for discussion, let us consider the following highly 
simplified case. I hope that you will bear with the obviously oversimplified 
character of my description. Let us suppose that the patient is one with a 
serious heart condition. He is presented by the heart surgeon to whom he has 
been referred with anyone of three options: bypass surgery, continual treat­
ment with drugs and without surgery, no treatment of any sort. To carry 
through an explicit decision model of a quantitative sort, the patient needs 
now to be presented data on possible consequences of each of the three 
actIOns, together with the medical evidence on his heart condition. According 
to the standard expected the patient should then select the 
medical treatment that will maximize his own value or expected 
consequences or, in other ~"'~J'U.u.v-,-'viSY 

Satisfaction of the conditions to make an expected-value model 
work well do not seem easy to come even in the most clearcut clinical 
"' .. H .... HJ'VUL>, and consequently I would like to examine in some more detail the 

such a model at all. 
The problems that arise separate into two parts. One part con-

cerns the ability of physicians to make quantitative assessments of possible 
consequences of treatment as well as of the current true state of the patient 
as inferred from the evidence available. We can question whether the state of 
the art and of the science can bear the load of such assessments 
at the present time. We may want to hold the view that assessment 
of individual cases in such a fashion is not I will return 
to this point in a moment. The second concerns the of the pa~ 
tients to absorb the data the options to them by the 

I-'a~-'-""H~" who feel at horne with calcula-
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routine quantitative application of the model seems totally impractical for all 
but an extremely small segment of patients, at least at the present time. It 
may properly be claimed that the detailed quantitative assessment of evidence 
or of consequences is as complicated a technical topic as the laboratory tests 
called for by the clinician, and the ordinary patient is simply not competent 
to deal with a quantitative decision model even when its application is of 
great personal consequence to himself. 

There is a second approach that seems a good deal more promising in the 
present context of medical practice and the expected knowledge of patients. 
This is to move the development and analysis of a quantitative decision­
making model from the level of the individual case to statistical analysis of a 
large number of cases. It is certainly true, for example, that the consequences 
will vary enormously from one patient to another, not only because of his 
physical condition but also because of his age, his wealth, his family responsi­
bilities, etc. On the other hand, there are clearly four consequences that 
dominate the analysis of the full nexus of consequences, namely, (i) the prob­
ability of recovery, (ii) the probability of death, (iii) the probability of serious 
side effects in terms of medical consequences, and (iv) the expected cost in 
terms of types of treatment. In summary, the direct medical consequences 
and the direct financial costs of a given method of treatment are the most 
important consequences, and these can be evaluated by summing across 
patients and ignoring more detailed individual features. This does not mean, 
for example, that in assessing the consequences of treatment we ignore the 
age of the patient, because this is part of the evidence and should go into the 
assessment of the consequences for the given state of the patient. 

The unconditional or mean assessment of the consequences of particular 
treatments is a relatively straightforward piece of data analysis. The situation 
is quite different, however, if we want to make the appropriate conditional 
assessment conditional upon the variation in relevant parameters of the 
patient's state at the time of treatment. The complexity of estimating the 
joint probability distribution of various consequences or symptoms - is 
admitted by almost everyone who has considered the problem. 

What seems desirable at the present time is development of an actuarial 
approach to both the state of health and the consequences of treatmerlt. Such 
an actuarial analysis could serve only as a guideline in the treatment of in­
dividual cases, but useful information about medical decisions by individual 
physicians or groups of physicians could be obtained. 

Let me an example. A number of studies [6, 8, 7, 5, 10, 2] have 
shown that there is a definite tendency for nonspecialists to prescribe more 
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antibiotics than are required by patients' conditions. Studies of this kind 
provide an excellent way of cautioning physicians to consider carefully the 
clinical basis of any prescription of antibiotics but do not attempt at all to 
provide an algorithmic or mechanical approach to clinical diagnosis. 

III. MODELS 

Although the merits of Bayesian and related methods of inference can be 
defended as practical tools that can be brought to bear on real problems of 
clinical Judgment, it is important to emphasize that such methods are no 
panacea and do not provide in themselves a scientific foundation for medicine 
that is in any sense self-sufficient. It is quite true that there are areas of medi­
cine that are clinically important and that do not at present have a thoroughly 
developed theory. My better informed friends tell me that this is true of more 
areas of clinical medicine than I would be naturally inclined to believe, but I 
certainly won't venture to give details on this point and simply take it as an 
assumptlOn that it is easy to draw distinctions between various areas of clini= 
cal medicine. The distinction is concerned with those that have a practically 
applicable theory and those that do not. Those that do not, it seems to me, 
can especially benefit from the application of Bayesian methods, but this 
benefit should not obscure the need to continue the development of a more 
adequate scientific foundation. Moreover, the development of that better 
scientific foundation surely does not depend on any direct application of 
statistical methods, but rather on the creative development of new scientific 
concepts and theories, Explicit scientific models of the relevant biological 
phenomena must remain a goal, I would suppose, in every area of clinical 
medicine. 

As such models develop, we should be able to fold them into a general 
framework of statistical inference and there should be no natural conflict 
between the use of newly developed models and the stable data-based infer~ 
ences of the past. There of course, be the practical problem of assaying 
the relative weight to be given to past experience, on the one hand, and, on 
the other, the relative weight to be given to the new scientific models of the 
phenomena at hand, 

There is nothing about this situation that is distinctive and special to the 
problems of clinical medicine, A similar tension between past experience and 
the urge to develop deeper scientific models is to be found in every area of 
applied science. Salient examples that confront' us every day and that are 

as important as the problems of medicine are to be found in economics 
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and meteorology. Moreover, we are all conscious of the difficulties of devel­
oping adequate scientific models either of the economy or of the weather, 
but the thrust to do so is deep and sustained, just as it is in modern medicine. 

The introduction of more general and more powerful scientific models in 
various clinical areas seems to me to generate an interesting and important 
problem of differentiating the future possibilities. On the one hand, the 
scientific thrust is to make the clinical diagnosis of a patient ever more 
algorithmic. Although, as I have argued above, we shall never pass beyond the 
need for clinical judgment, it is still important to recognize that what we can 
see in the reasonably near future for different parts of medicine presents 
quite a different picture. In the diagnosis of infectious diseases, for example, 
we might expect to get nearly algorithmic laboratory and computer-based 
procedures - at least I will venture that conjecture. On the other hand, in 
the diagnosis and treatment of psychiatric disorders we may anticipate in no 
reasonable future a scientific model of sufficient depth and generality to 
provide anything like algorithmic diagnostic procedures. I wish that I were 
competent to give a survey of the various areas of medicine and to conjecture 
what we might expect along algorithmic lines. I would be enormously inter­
ested in hearing more informed opinion than my own about this matter. 

It is also not clear what we may expect from models that derive from work 
in artificial intelligence. The MYCIN program of Shortliffe [9], for example, 
has many attractive features and is potentially a diagnostic aid of great power, 
but it is still rather far from being ready for practical daily use, even in the 
sophisticated setting of a teaching hospital. 

IV. DA TA ANALYSIS 

Let me begin my remarks about data analysis with a tale of my own. A couple 
of years ago we embarked on collecting a large corpus of spoken speech of a 
young child. The mother of the child was hired as a half-time research assist­
ant to spend twenty hours each week creating a properly edited computer me 
on which she transcribed an hour of the child's spoken speech for that week. 
In something over a year of effort on the part of the mother we obtained a 
corpus of more than a hundred thousand words of the young child from the 
age of approximately two years to three and a half years. We then engaged in 
elaborate computations regarding structural features of the speech, especially 
an elaborate test of a number of different generative grammars and model­
theoretic semantics and of developmental models of grammatical usage. We 
estimated that at the conclusion of our elaborate computational analysis of a 
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number of different models we had probably done more explicit 
computing than had been done by all the of the 19th 
working on all the languages examined. Even so, the of data analysis 
we did on a child's speech seems trivial compared to the overwhelming 
problems of data analysis in clinical medicine. In one large con-

of, say, a hundred doctors and their staff, the data flow is 
like a torrent and the of providing sensible analysis appears almost 

it seems to me that there 
done and that can provide 1'1"n1i'"\A"f",,,,t "', ..... ·"y .. ,i+ ... ,lT "·n':.!u",~" for those responsible 
for final clinical lud,gm,en1:s. 

The first L'-'H1U'~llH" this is the philosopher's of 
and a 

""',,.....,,,I""'·"';.T reliable conclusions 
recogrlize from the start that 

many cases crude. 
SOCIal scientists statisticians for 

because it is 
....,n~''''''''''''+,> .. variation on the flow 

medical it does not follow that any 
"",""'To""" must be abandoned. Int,erE;stimtl 
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in the entire history of science to find experimental results of comparable 
conceptual and quantitative sophistication. 

The third point amplifies some earlier remarks about joint probabilities. 
Even crude approximations to the joint distribution of causes or symptoms 
would, I would conjecture, be a definite methodological step forward in the 
analysis of clinical data. In this case I am returning to my earlier remarks 
about looking at large numbers of cases and applying the results as guidelines 
for considering individual patients. It is a first lesson in elementary probability 
theory that from the (marginal) distributions of single properties it is not 
possible to infer the joint distribution of the properties. The estimation of 
these joint distributions is a complex and subtle affair, but it is my belief 
that in many cases even relatively crude results would lead to clinical insights 
of considerable interest. To show that the theory of approximate probabilities 
can itself be given an elementary treatment in qualitative terms, I have added 
to this paper an appendix setting forth in outline the axiomatic foundations, 
but I do not want to disturb the main line of my general discussion by con­
sidering the technical details here. 

The fourth point concerns the great importance of considering alternative 
hypotheses or causes to provide a perspective on the identification of the 
most likely cause. Consideration of alternative hypotheses is natural within 
a Bayesian or a classical objective framework of statistical inference and is a 
matter that is old hat to statisticians, but it is not only in medicine but in 
other parts of science as well that the explicit formulation and analysis of the 
data from the standpoint of alternative hypotheses are far too often not 
undertaken. I do not mean to suggest that good clinicians do not range over 
a natural set of possibilities in diagnosing the illness of a patient, but rather 
that, in the kind of quantitative data analysis based on many cases that I am 
advocating as a general intellectual support, analysis is often not adequately 
presented of the support the data give to alternative hypotheses or causes. 

To show that the philosophical thrust of this last remark is not new, as 
indeed is true of most of the other things I have had to say, let me close with 
a quotation from Epicurus's letter to Pythocles, written about 300 B.C. soon 
after the very beginning of philosophy as we know it. Epicurus's remarks are 
aimed at our knowledge of the heavens or, more generally, of the universe 
around us but they apply as well to the focus of our present discussion. 

For this is not so with the things above us: they admit of more than one cause of coming 
mto being and more than one account of their nature which harmonizes with our sensa­
tions. For we must not conduct scientific investigation by means of empty assumptions 
and arbitrary principles, but follow the lead of phenomena: for our life has not now any 
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place for irratIOnal belief and groundless imagInings, but we must live free from trouble. 
Now all goes on without disturbance as far as regards each of those things which may be 
explamed in several ways so as to harmonize with what we perceive, when one admits, as 
we are bound to do, probable theories about them. But when one accepts one theory 
and rejects another, which harmonizes just as well with the phenomenon, it is obvious 
tha t he altogether leaves the path of sCIentific inquiry and has recourse to myth. ([ 11] , 
p. 19.) 

Stanford University 
Stanford, California 

APPENDIX 

APPROXIMA TE PROBABILITIES 

The first step in escaping some of the misplaced precision of standard statis­
tics is to replace the concept of probability by that of upper and lower 
probability. The concept of upper and lower probability provides an appro­
priate way of handling approximation. What I have to say is developed in 
more detail in Suppes , and I shall only sketch the results here. 

To begin with, let X be the sample space, ~an algebra of events on X, and 
A and B events, Le., elements of ff. The three essential properties we expect 
upper and lower measures on the algebra ~ to satisfy are the 

~O. 

== P*(X) == 1. 
(nI) If A n B == 0 then 

P*(A) + :;;;;;;; u 

from these properties we can easily show that 

+ P*(rA) = . 

+ u B) 

Surprisingly enough, quite simple axwms on qualitative probability can be 
that lead to upper and lower measures that satisfy these properties. The 

intuitive idea is to introduce standard events that play the role of standard 
scales in the measurement of weight. Examples of standard events would be 
the outcomes of flip.ping a fair coin n number of times for some fIxed n. It is 
also easy to see using in clinical medicine a set of standard cases to the 
same role. 

The formal is as follows. The basic structures to which the axioms 
are '"i ... ,a(11·U'·P'h~S <X, ~!/, ~>, where X IS a set, ~ is an algebra 
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of subsets of X, that is, ~ is a nonempty family of subsets of X and is closed 
under union and complementation, !/ is a similar algebra of sets, intuitively 
the events that are used for standard measurements. I shall refer to the events 
in !/ as standard events S, T, etc. The relation;;;::' is the familiar ordering rela­
tion on ?Ii. I use standard abbreviations for equivalence and strict ordering in 
terms of the weak ordering relation. (A weak ordering is transitive and strong­
ly connected, i.e., for any events A and B, either A ;;;::. B or B ;;;::. A.) 

DEFINITION. A structure f!l' = (X, ff, !/, ;;;::.) is a finite approximate measure­
ment structure for beliefs if and only if X is a nonempty set, ff and !/ are 
algebras of sets on X, and the following axioms are satisfied for every A, B, 
and C in g-and every Sand T in !/: 

AXIOM 1. The relation ;;;::. is a weak ordering of g;; 
AXIOM 2. If A n C = 0 and B n C = 0 then A ;;;::. B if and only if 

AUC;;;::'BUC; 
AXIOM 3. A;;;::' 0; 
AXIOM 4. X> 0; 
AXIOM 5. !/is a finite subset of ff; 
AXIOM 6.IfS =1= 0 then S > 0; 
AXIOM 7. IfS ;;;::. T then there is a V in !/such that S ~ T U V. 

From these axioms the following theorem can be proved. 

THEOREM. Let f!l' = (X, ff, !/, ;;;::.) be a finite approximate measurement 
structure for beliefs. Then 

(i) there exists a probability measure P on !/ such that for any two stand­
ard events Sand T 

S ;;;::. T if and only ifP(S) ;;;::. P(T), 

(li) the measure P is unique and assigns the same positive probability to 
each minimal event of!/, 

(iii) if we define P* and p* as follows: 
(a) for any event A in ffequivalent to some standard event S, 

P*(A) = P*(A) = peS), 

(b) for any A in ff not equivalent to some standard event S, but lying 
in the minimal open interval (S, S') for standard events Sand S' 

P*(A) = peS) and P*(A) = peS'), 



158 PA TRICK SUPPES 

then P* and p* satisfy conditions (I)-on) for upper and lower 
probabilities on ~ and 

(c) if n is the number of minimal elements in Y then for every A in~ 

P*(A) - P*(A) < 1.. 
n 

As can be seen from the theorem, by increasing the number of minimal stand­
ard elements the approximation in terms of upper and lower probabilities can 
be made as fine as we wish. The whole point in many clinical contexts is not 
to reach for too much refinement. 

Within this framework we can, in a natural way, approximate Bayes' 
theorem or the method of maximum likelihood. An important feature of 
the kind of setup I have described is that it does not make sense to ask for 
arbitrary precision in the assignment of upper and lower probabilities to 
events, but only in assignment in rational numbers to the scale of the finite 
net of standard events. It should be emphasized that what has been developed 
here is not an alternative theory of statistical inference but rather a method 
of approximate measurement that is meant to bring a greater note of realism 
to clinical applications of the standard theory. 
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