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1.  Introduction 
 

Decisions in medicine often have to be made under uncertainty.  A doctor cannot 
always be certain what is the precise cause of a patient’s symptoms, or how exactly the 
patient will react to a particular treatment.  This suggests that medical decision making 
could be improved through the use of the mathematical theory of probability.  Moreover 
the development of computers has made this a practical possibility.  Computers can hold 
large statistical databases and can perform mathematical calculations with ease.  They 
can also have artificial intelligence (AI) programs designed to assist in diagnosis and the 
recommendation of treatment.  There are thus potentially great benefits to medicine from 
the use of computers, but there are problems as well.  These problems concern both how 
AI programs should be written, and also how they should be used.  The issues are 
connected because AI programs should give results which are not only reliable but also 
readily comprehensible to doctors, who, otherwise, will not be able to use these results 
effectively in their practice.  

These questions about the way to use computers in medicine are intricate and 
intriguing.  In this paper I will deal with only one aspect of the general problem.  This 
concerns the interpretation that should be given to probability in medicine and medical 
computing.  Probabilities can be subjective or objective and the distinction between these 
two types of probability will be explained in section 2.  Much medical decision making is 
about single events relating to individuals.  Has this patient a particular disease?  How 
will he or she respond to a particular treatment?  And so on.  In this context therefore we 
have to consider the probabilities of single events.  Unfortunately in so doing, we 
immediately run into a long-standing [87] (Numbers in square brackets are the page 
numbers of the published version.) philosophical controversy.  This is about whether 
there can be objective probabilities for single events.  Some authors, e.g. Popper (1959), 
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hold that there can indeed be objective probabilities of single events.  Others, however, 
claim that all probabilities of single events have to subjective in character.  In section 3 of 
this paper I will argue for the point of view given by Howson and Urbach in their 1989, 
namely that probabilities of single events are indeed subjective, but that they can 
nonetheless be based on objective probabilities.  This point of view applies very well to 
medicine.  It suggests that a doctor should take account of objective probabilities whose 
values are known from statistical data, but that the doctor’s judgement should not be 
reducible to such objective probabilities.  On the contrary a doctor’s judgement on a 
specific patient should take account of that patient’s particular characteristics, which may 
show the need for some modification of estimates based on statistical data from large 
populations.  In effect the doctor has to form a subjective judgement which is based on 
objective probabilities, but which is nonetheless about the particular patient under 
consideration.  I will further argue, in section 4, that subjective judgements and 
probabilities should be the prerogative of the human doctor who is treating the patient, 
and should not be used in AI programs for medicine.  These should involve only 
objective probabilities, and should aim to provide the objective probabilities on which the 
subjective judgements of the doctor treating the patient will ultimately be based.  In the 
final section I will give a brief sketch of what the preceding discussion suggests might be 
a desirable relationship between human doctors and computers in medical decision 
making. 
 
 
2.  Subjective and Objective Probabilities 
 
 Let us begin with subjective probabilities.  These represent the degree of belief of 
a particular person (Mr B say) in the occurrence of a specific event (E say).  To illustrate 
this, let us consider a family, Mr and Mrs B with their children Master B and Miss B, 
who are on holiday.  The weather one evening looks threatening and they are considering 
whether it will rain the next day which might ruin their planned boat trip.  Each member 
of the family has a different view of the question.  Mr B who inclines towards pessimism 
has a high degree of belief that it will rain.  Master B, his son, who is happy go lucky by 
nature has a low degree of belief.  The two ladies of the family have intermediate 
positions.  So each family member has a different degree of belief in the event of its 
raining the next day. 
 Now it might be objected that while this is quite realistic at an everyday level, the 
mathematical theory of probability can hardly apply here, because the degrees of belief 
held by the various family members are qualitative in [88] character and cannot be 
measured exactly.  However, the mathematical calculus of probability deals with 
numerical probabilities.  This is certainly a major difficulty, but it was overcome by the 
independent work of Ramsey (1926) and De Finetti (1937).1  Essentially Ramsey and De 
Finetti suggested that Mr B’s degree of belief in the occurrence of E could be measured 
by the rate at which he would be prepared to bet on E (his so-called betting quotient on E) 
in a specially designed betting situation.  Mr B has, however, to choose his betting 
quotients carefully because of the possibility of what is called a Dutch book.  A cunning 
opponent (Ms A say) makes a Dutch book against Mr B, if, given Mr B’s betting 
quotients, she chooses stakes and the direction of bets so that Mr B loses whatever 
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happens.  Obviously Mr B will want to choose his betting quotients so that a Dutch book 
cannot be made against him.  Ramsey and De Finetti showed independently that Mr B 
can avoid the possibility of a Dutch book against him if and only if he chooses his betting 
quotients to satisfy the standard axioms of the mathematical theory of probability.  This 
striking and famous result, now known as the Ramsey- De Finetti theorem, provides a 
foundation for the subjective interpretation of probability.  It shows that an individual’s 
degrees of belief can be measured as betting quotients and that these betting quotients 
should be chosen to satisfy the ordinary axioms of probability. 
 Let us now turn to objective probabilities.  The problem here is that there are two 
main accounts of objective probability, namely the older frequency theory and the more 
recent propensity theory.  As a matter of fact I support a particular version of the 
propensity theory, but for the purposes of this paper, it is more convenient to use the 
frequency theory.  All the points made using the frequency theory could be recast in 
terms of the propensity theory.2  
 The frequency theory in the version developed by von Mises (1928) is based on 
the concept of collective or reference class.  A collective is a large class of events or 
objects such as for example a long sequence of tosses of a particular coin, the set of 
Germans who were 40 in 1928, or the molecules of a particular sample of gas at a 
particular moment.  There are attributes which may occur at each member of a collective.  
For example, on each toss of the coin ‘heads’ or ‘tails’ may occur, each of the German 
men either may die before reaching the age of 41 or may survive into his 42nd year, and 
each of the molecules of the gas may have a specific velocity within a range of velocities.  
Roughly speaking the probability of an [89] attribute in a collective is defined in the 
frequency theory as the frequency with which that attribute occurs in the collective.  
Here, however, I must mention a complexity. 
 The collectives which are actually observed in the world (or empirical collectives, 
as they might be called) are all finite in number.  This applies to all the examples given 
above.  There are certainly a very large number of molecules in any sample of gas, but 
that number is still finite.  For the mathematical theory of probability, however, von 
Mises introduced what could be called mathematical collectives which consisted of 
infinite sequences.  The probability of an attribute in such a collective was defined as its 
limiting frequency in the sequence.  A rather subtle problem now arises of how the 
frequencies in the large but finite collectives which are actually observed relate to the 
limiting frequencies postulated by the mathematical theory.  This is not an easy problem 
to resolve satisfactorily, but, for the purposes of this matter, we need not enter into it in 
detail, but will rather assume, as von Mises does, that the frequencies observed in large 
collectives are good estimates of the limiting frequencies, that is of the mathematical 
probabilities. 
 The difference between subjective and objective probability is very well 
illustrated by an example originally invented by Laplace (1814, p. 56).  Suppose Mr B is 
shown from a distance a coin and told that it is a biased coin.  However, he is not told the 
direction of the bias.  He is then asked to assign a betting quotient on the coin falling 
heads on the next toss.  In such circumstances, he would naturally choose the value ½.  
This then is Mr B’s subjective probability for the coin falling heads on the next toss.  Let 
us suppose further, however, that the coin had been weighted in favour of heads, and that 
on the previous day it had been tossed 10,000 times, and that the frequency with which 
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heads appeared was about ¾.  We would then say that the objective probability of heads 
for that biased coin was about ¾.  This objective probability is different from Mr B’s 
subjective probability.  However, if Mr B had known the results of the coin tossing 
experiment of the previous day, he would undoubtedly have put his subjective probability 
equal to the objective probability, i.e. ¾. 
 It is worth noting here, however, that the objective probability is that of an 
attribute (heads) in a collective of tosses of a particular coin.  The subjective probability 
is that of the attribute occurring on a particular member of the collective, i.e. heads on the 
next toss.  The example suggests, however, that we could extend objective probabilities 
from collectives to single events which are members of those collectives.  In the case of 
coin tossing, this seems to be a simple matter.  If the objective probability of heads on a 
collective of tosses of a particular coin is p, then we should [90] evaluate the probability 
of heads on each toss of the collective as p.  In medicine, however, we are dealing with 
human beings not coins, and, in the case of human beings, it is not so easy to go from a 
large collective for which statistical data can be collected to a particular individual who is 
a member of that collective.  We will look at the problems involved in trying to do so in 
the next section. 
 
 
3.  Probabilities of Single Events  
 

Let us begin with the point of view of von Mises on this question. Von Mises 
argued that probabilities should always be assigned to attributes within collectives and 
that it is inadmissible to assign a probability to the single event of a particular member of 
a collective having a specific attribute.  The example he considered was the probability of 
death.  We can certainly introduce the probability of death before 41 in a sequence of say 
40-year-old English non-smokers.  It is simply the limiting frequency of those in the 
sequence who die before 41.  But can we consider the probability of death before 41 for 
an individual person (Mr Smith say)?  Von Mises answered:  ‘no!’ (1928, p. 11): 
 
‘We can say nothing about the probability of death of an individual even if we know his 
condition of life and health in detail.  The phrase ‘probability of death’, when it refers to 
a single person has no meaning at all for us.  This is one of the most important 
consequences of our definition of probability ...’ 
 
 An obvious objection to this position is that it is easy to introduce probabilities of 
single events on the subjective theory.  All Mr Smith’s friends could, for example, take 
bets on his dying before 41, and hence introduce subjective probabilities for this event.  
In fairness to von Mises, however, the passage I have just quoted was published in 1928, 
and the first publications on the subjective theory appeared in 1930 and 1931.3  Moreover 
von Mises, who was a strict objectivist,  might not have accepted the solution to the 
problem offered by the subjective theory.  Certainly this was the [91] case with Popper, 
who always rejected subjectivism.  Popper, however, wanted to introduce probabilities 
for single events and his propensity theory (Popper, 1959) was motivated by the attempt 
to produce objective probabilities for single events.  There are, however, problems 
connected with this attempt.    
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 The main difficulty involved is what is known as the ‘reference class problem’.  
To illustrate this, let us return to our example of the probability of a particular man aged 
40 living to be 41.  Intuitively the probability will vary depending on whether we regard 
the individual merely as a man or more particularly as an Englishman; for the life 
expectancy of Englishmen is higher than that of mankind as a whole.  Similarly the 
probability will alter depending on whether we regard the individual as an Englishman 
aged 40, or as an Englishman aged 40 who smokes two packets of cigarettes a day, and 
so on.  This does seem to show that probabilities should be considered, as von Mises 
argued, as dependent on collectives or reference classes rather than on single events. 
 Howson and Urbach take up this criticism and use it to argue that single case 
probabilities are subjective rather than objective.  However they also suggest that singular 
probabilities, though subjective, may be based on objective probabilities.  Suppose, for 
example, that the only relevant information which Mr B has about Mr A is that Mr A is a 
40-year-old Englishman.  Suppose Mr B has a good estimate (p say) of the objective 
probability of 40-year-old Englishmen living to be 41.  Then it would be reasonable for 
Mr B to put his subjective betting quotient on Mr A’s living to be 41 equal to p, and 
thereby making his subjective probability objectively based.  This does not, however, 
turn Mr B’s subjective probability into an objective one, for consider Mr C, who knows 
that Mr A smokes two packets of cigarettes a day, and who also has a good estimate of 
the objective probability (q say) of 40-year-old Englishmen who smoke two packets of 
cigarettes a day living to be 41.  Mr C will put his subjective probability on the same 
event (Mr A living to be 41) at a value q different from Mr B’s value p.  Once again the 
probability depends on the reference class in which the event is placed rather than on the 
event itself.  Howson and Urbach put the point as follows (1989, p. 228):  
 
‘... single-case probabilities ... are not themselves objective.  They are subjective 
probabilities, which considerations of consistency nevertheless dictate must be set equal 
to the objective probabilities just when all you know about the single case is that it is an 
instance of the relevant collective.  Now this is in fact all that anybody ever wanted from 
a theory of single-case probabilities:  they were to be equal to objective probabilities in 
just those conditions.  The incoherent doctrine of object- [92] tive single-case 
probabilities arose simply because people failed to mark the subtle distinction between 
the values of a probability being objectively based and the probability itself being an 
objective probability.’  
 
I am inclined to accept this criticism of Howson and Urbach, and so to adopt the 
following position.  We can certainly introduce objective probabilities for attributes 
within collectives.  When, however, we want to introduce probabilities for single events, 
these probabilities, though sometimes objectively based, will nearly always fail to be 
fully objective because there will in most cases be a doubt about the collective in which 
the event should be placed, and this will introduce a subjective element into the singular 
probability. 

Let us now consider a principle known as the principle of the narrowest reference 
class.  It is regarded by Ayer as ‘rational to accept’.  He states it as follows (1963, p. 
202): 
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‘The rule is that in order to estimate the probability that a particular individual possesses 
a given property, we are to choose as our class of reference, among those to which the 
individual belongs, the narrowest class in which the property occurs with an extrapolable 
frequency.’ 
 
Again we can illustrate this by our example of the probability of a particular 40-year-old 
man living to be 41.  This individual can be put in the following reference classes:  the 
class of 40-year-old men, the class of 40-year-old Englishmen, the class of 40-year-old 
Englishmen who smoke two packets of cigarettes a day.  Now suppose we have statistical 
data for all three classes, then the principle of the narrowest reference class suggests that 
we should base our probability of the particular individual living to be 41 on the 
frequency in the third of these three reference classes.  
 The principle of the narrowest reference class certainly seems to be a sound one, 
but there are some problems with it.  First of all, there may not be a single narrowest 
reference class for which statistics are available.4  Suppose Mr Smith in addition to 
smoking two packets of cigarettes a day plays football once a week.  Let us suppose that 
we have statistical data regarding death within a year for the class of 40-year-old 
Englishmen who smoke two packets of cigarettes a day and for the class of 40-year-old 
Englishmen who play football once a week, but not for the class of 40-year-old 
Englishmen who both smoke two packets of cigarettes a day and play football once a 
week.  We thus have not one but two narrowest reference classes for which statistical 
data are available and the frequency [93] estimates of the probability of Mr Smith living 
to the age of 41 on the bases of these two classes (p’’, p’’’ say) may well be different. 
 A second problem lurks in the phrase:  ‘the narrowest class in which the property 
occurs with an extrapolable frequency’.5  We might have two classes C and C’ say such 
that C’ is narrower than C, and we can in fact extrapolate from both C and C’.  However 
the estimate based on C for which there is much more data might be much more accurate 
than the estimate based on C’ for which there is some, but not very much data.  It is not 
clear in these circumstances whether C or C’ is to be preferred.  To overcome this 
problem, we could specify that we should choose the narrowest reference class for which 
good statistical data exists.  This is a reasonable requirement, but there is an inevitable 
ambiguity in the word: ‘good’. 

Suppose we adopt the policy of taking as our probability for a single event, the 
frequency ratio in the narrowest reference class to which that event belongs and for which 
‘good’ statistical data exists.  Such a policy, according to Keynes, may well lead us astray 
because we may know things about the event which do not constitute statistical data in a 
reference class, but which, nonetheless, give us very good reasons for adjusting our 
probability.  If we neglect such qualitative evidence and use only quantitative evidence, 
we may often be led to a probability which is a less satisfactory basis for action than 
might otherwise have been obtained.  Keynes puts the point as follows (1921, p. 322): 
  
 ‘Bernoulli’s second axiom, that in reckoning a probability we must take 
everything into account, is easily forgotten in these cases of statistical probabilities.  The 
statistical result is so attractive in its definiteness that it leads us to forget the more vague 
though more important considerations which may be, in a given particular case, within 
our knowledge.  To a stranger the probability that I shall send a letter to the post 
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unstamped may be derived from the statistics of the Post Office; for me those figures 
would have but the slightest bearing upon the question.’ 
 
Keynes obviously considered either that he was more likely than average to post an 
unstamped letter (perhaps through absent-mindedness or unconscious avarice), or less 
likely (through being very meticulous in his habits).  He does not say which.   
 We can illustrate Keynes’s point with our familiar example as follows.  We are 
trying to assign a probability that our particular individual will live to be 41.  Let us 
suppose that Mr Smith does not, after all, play foot-[94] ball once a week and that there is 
a narrowest reference class for which we have good statistics, namely the class of 40-
year-old Englishmen who smoke two packets of cigarettes per day.  We accordingly 
estimate the probability of his living to be 41 as the frequency r say of those in this class 
who have lived to be 41.  Suppose, however, that we learn that our individual comes from 
a very numerous family who all smoke two packets of cigarettes per day, but none of 
whom has contracted lung cancer or any other smoking related disease or indeed died 
before the age of 80.  No statistical data are available concerning individuals who belong 
to such unusual families, but surely, in the light of this extra information, it would be 
reasonable to change our probability to a value somewhat higher than r.  This example is, 
of course, a hypothetical one.  So let me now bolster it by giving a real life example along 
similar lines.  This is what I call:  the Francesca argument. 

My wife is from Rome, and her sister has a daughter called Francesca.  To explain 
how Francesca came to formulate the argument, some background on the social customs 
of Rome is needed.  It seems that when a school-child reaches the age of 16 in Rome, it 
becomes necessary for emotional well-being and maintaining status with the peer group, 
to own a motor scooter.  Naturally, however, this causes great alarm to the parents (and 
even uncles) who are concerned about the possibility of a road accident.  Francesca, when 
she became 16 was no exception to the general rule.  So I had an argument with her on 
this subject.  I pointed out that the frequency of 16 year old Roman motor scooter riders 
who had accidents was quite high, and therefore that it might be better not to get a 
scooter.  In her reply, Francesca accepted the truth of the statistics, and even added that 
two members of her class at school had already been taken to hospital in a coma as a 
result of motor scooter accidents.  One girl had gone on her scooter without wearing a 
crash helmet to buy a pizza.  She was returning balancing the pizza in one hand, and 
steering the scooter with the other, when the accident occurred.  However Francesca 
commented that this girl was extremely stupid, and that she (Francesca) would never do a 
thing like that.  She would drive her scooter well and carefully, wear a crash helmet, and 
take all the other recommended precautions, so that the probability of her having an 
accident was much lower than average.  Although I was trying to support the opposite 
conclusion, it seemed to me that this argument of Francesca’s could not be faulted.  
Indeed it is a particular instance of Keynes’s general principle. To one who knew her 
well, it did seem likely that she would drive well and carefully, and would therefore be 
less likely to have an accident than the average 16-year-old Roman.  The only criticism 
which might have been made is that accidents are sometimes the fault of the other party 
against whose errors even the very best [95] and most careful driving offers no 
protection.  Thus the reduction in the probability of an accident for a good and careful 
driver below the average level should perhaps not be too great.6 
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 The general procedure for assigning probabilities to single events suggested by 
these examples is something like the following.  We first assign the event to the 
narrowest reference class for which good statistical data exists, and calculate the relative 
frequency (r say) of the event’s occurring in this class.  We then consider any further 
information of a non-statistical character which is relevant to the event’s occurring on 
this particular occasion, and adjust r either up or down in the light of this information to 
obtain our probability.  As already pointed out, our criterion of choosing the narrowest 
reference classes for which good statistical data exists may not result in a unique class, 
either because of ambiguities in the notion of ‘good’ or because there are several 
narrowest reference classes.  In this case we may be undecided between several reference 
classes with different relative frequencies r, r’, r’’, … say.  We then have to use the non-
statistical information to choose a particular r-value as well as to adjust it.  If there is no 
suitable reference class at all, we have to rely exclusively on the non-statistical 
information to decide on a subjective probability.  This procedure seems to me a suitable 
one for human doctors to use, but before we deal with the medical  case in detail, it will 
be as well to say something about probabilities in relation to computers since these are 
destined to play an ever increasing role in medicine.  
 
 
4.  Why Computers should use Objective Probabilities 
 
 My main thesis is that the probabilities used in computer systems for medicine 
should only be objective probabilities.  Those familiar with this area may be surprised by 
this claim since one of the most widely used techniques in this area is that of Bayesian 
networks, and the probabilities in Bayesian networks are often interpreted subjectively.  
Despite this situation, I have argued elsewhere (Gillies, 1998) that Bayesian networks are 
more effective if objective probabilities are used.  In this paper I will not go into the more 
technical questions concerned with Bayesian networks, but rather present the evidence in 
favour of objective probabilities provided by an early study carried out in a Leeds 
hospital by de Dombal and his group in 1971-2. 

De Dombal and his group devised a computer-based diagnostic system using a 
straightforward statistical approach.  The probability of a patient’s [96] having a 
particular condition given a set of symptoms was calculated using Bayes theorem, where 
the probabilities employed had been estimated from a large sample of previous patients.  
This approach did not attempt to encode any medical knowledge beyond what was 
contained in observed frequencies, and so was not an expert system.  As we shall see, 
however, the system worked very well, and this was because it was designed for use in 
the following relatively simple situation. 

Patients were admitted to the department of surgery of a Leeds hospital because 
of the onset of acute abdominal pain.  The problem was to diagnose the cause of their 
pain, and, in particular, decide whether an operation was necessary.  Leaving aside a 
small ‘other’ or ‘miscellaneous’ category comprising less than 4% of cases, the patients 
were diagnosed as having just one of the following seven conditions:  appendicitis (just 
over a quarter of the cases), cholecystitis, small bowel obstruction, perforated duodenal 
ulcer, pancreatitis, diverticular disease, and, last but not least, non-specific abdominal 
pain, which accounted for about half the cases.  The last condition is of course not a 
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disease, but covers those cases where no cause for the pain could be found.  This situation 
is obviously suitable for statistical treatment because of the limited number of mutually 
exclusive possibilities, and also because during the course of the treatment, often an 
operation, the cause of the pain could in most cases be definitely established, thereby 
establishing the correctness or incorrectness of the initial diagnosis.   
The efficiency of de Dombal et al’s computer system was compared with that of the 
hospital clinicians in a sample of 304 patients admitted between 1 January 1971 and 1 
December 1971.  The overall result (de Dombal et al, 1972, p. 9) was that the computer 
system was correct in 91.8% of the cases, and the senior member of the clinical team 
handling the patient in 79.6% of the cases.  Some of the detailed differences are also 
interesting.  One of the most difficult, but at the same time crucial problems in this area is 
to distinguish between appendicitis and non-specific abdominal pain.  If a case of 
appendicitis is wrongly classified as non-specific abdominal pain, the result could be a 
delay in operating which results in the appendix perforating or forming an abscess. 
Conversely, however, if non-specific abdominal pain is wrongly diagnosed as 
appendicitis, this could result in the patient going through an entirely unnecessary 
operation – known in the business as a ‘negative laparotomy’. 

De Dombal et al describe the relative performance in this area of the computer 
and the humans as follows (1972, p. 12): 
  
‘… the computer system accurately classified 84 out of a possible 85 patients with acute 
appendicitis, … . This contrasts with the clinicians’ [97] performance, where only 75 
diagnoses of appendicitis were made, and six patients were originally classified as non-
specific abdominal pain. … Moreover, although the computer erroneously classified six 
non-specific abdominal pain patients with the “appendicitis” category, the corresponding 
figure for the clinical team was no fewer than 27 patients. …  Had we slavishly followed 
the computer’s predictions, six negative laparotomies would have been performed, but in 
no case of appendicitis would surgery have been delayed.  What actually happened was 
rather different.  Twenty-odd negative laparotomies were performed, and six cases of 
appendicitis were “observed” for over eight hours before the decision to operate was 
taken.’ 
 

These results are very interesting, but the next experiment of the de Dombal group 
was perhaps even more interesting (cf. Leaper et al, 1972).  Once again the trial involved 
patients admitted to the professional surgical unit of the Leeds General Infirmary with 
abdominal pain of acute onset. The period covered again began on 1 January 1971, but 
this time continued longer until 31 May 1972 producing a larger number (472) of 
patients.  Once again a comparison was made between the diagnoses of the computer 
system whose probabilities had been calculated from data obtained from a large number 
of previous patients, and the diagnoses of the senior clinician in charge of the patient.  
This time, however, a new comparison was introduced.  As well as obtaining the 
probabilities from data, a variant of the computer system was produced in which the 
probabilities were obtained from estimates provided by the clinicians.  In fact estimates 
were obtained from six clinicians, and the average taken.  The general results of this trial 
were as follows (Leaper et al, 1972, pp. 351-2): 
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‘In the total series of 472 cases the overall accuracy of diagnoses made “on the spot” by 
the clinical team was 79.7%, whereas the accuracy of the computer-aided system using 
values based on 600 surveyed cases was considerably higher (91.1%).  … the overall 
accuracy of the computer-aided system using the clinicians’ estimates was a relatively 
unimpressive 82.2%.’ 
 
Once again the results in specific disease categories are also interesting (Leaper et al, 
1972, p. 353): 
 
‘ … in some instances (appendicitis, non-specific abdominal pain) the computer using 
estimates was more effective than the unaided clinician, but in others (diverticulitis, 
pancreatitis) it was much less effective. [98] … the effectiveness of the computer using 
estimates seemed to be related to the incidence of the diseases under study.  In respect of 
acute appendicitis (121 cases in 15 months) and non-specific abdominal pain (230 cases) 
the computer using estimates was relatively effective when compared with unaided 
clinician.  But for other diseases such as diverticulitis (10 cases) and pancreatitis (14 
cases) the computer using estimates proved to be less reliable.’ 
 

In effect, the computer system using objective probabilities obtained from data 
outperformed the human clinicians by a considerable margin, but if subjective 
probabilities obtained from these clinicians were used instead of the objective 
probabilities, this gain was wiped out, and in the case of relatively rare diseases the 
computer system performed worse than the human clinicians.  Human doctors appear to 
be bad at estimating probabilities of diseases, and especially bad in the case of diseases 
which occur infrequently.  It seems hard to avoid the conclusion of the de Dombal group 
which was the following (Leaper et al, 1972, p. 353): 
 
‘We suspect that the use of clinicians’ estimates of probability may have been a cause of 
failure in some previous computer-aided diagnostic systems, and we conclude that in 
future computer-aided diagnostic systems there is no alternative to using carefully 
collated data from large-scale, real-life surveys rather than clinicians’ estimates.’  
 
I will now argue in the final section of the paper that this conclusion fits in very well with 
our earlier discussion to provide a view as to how computers and human doctors should 
combine in medical decision making. 
 
  
5.  General Conclusions 
 
Let us consider the case in which a doctor is dealing with a particular patient.  The 
doctor, let us say, has to estimate the probability that the patient has a specific illness.  I 
argued earlier in section 3 that this probability must inevitably be subjective, but that it 
can nonetheless be based on objective probabilities which are the frequencies of patients 
having the illness in question in various reference classes.  I then argued in section 4 that 
computer systems used in medicine should use only objective probabilities.  It is obvious 
that these two claims fit nicely together.  They suggest that the use of computer 
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technology can efficiently provide a doctor with a framework of objective probabilities 
relating to the patient, but that the doctor in forming his or her final judgement should 
modify these in the light of qualitative (non-statistical) evidence regarding the patient.  In 
[99] fact the doctor will normally have at his or her disposal quite a bit of extra 
qualitative (non-statistical) information regarding the patient.  Some of this will come 
from examining the patient, and some from talking to the patient and obtaining 
knowledge of the patient’s character, background, and circumstances.  All this can be 
evaluated in the light of the doctor’s experience.  In effect I am advocating a combination 
of the computer’s mathematical, statistics-based calculations with the more intuitive and 
traditional techniques of medical diagnosis.  The computer can provide a useful 
framework of objective probabilities, but these can be modified to the patient’s benefit by 
using the human doctor’s more intuitive approach.    
 
 
 
 
 
 
 
Notes 
 
 
1.  For details see Gillies, 2000, Ch. 4, pp. 50 -87. 
 
2.  A fuller account of the frequency theory is to be found in Gillies, 2000, Ch. 5, pp. 88-
112, and of the propensity theory in Gillies, 2000, Chs 6 & 7, pp. 113-168. 
 
3.  Ramsey’s paper ‘Truth and Probability’ which introduced the subjective theory is 
usually referenced as Ramsey (1926), but 1926 was the year in which Ramsey read the 
paper to the Moral Sciences Club at Cambridge.  The paper was published for the first 
time in Ramsey’s collected papers which appeared in 1931 after Ramsey’s premature 
death.  De Finetti’s first publication on subjective probability was in 1930.  In fact the 
subjective theory did not begin to make a major impact on those working in probability 
until the late 1950s and early 1960s, nearly three decades after it had appeared. 
 
4.  This was pointed out to me by David Corfield and Jon Williamson. 
 
5.  This was pointed out to me by Tetsuji Iseda of Nagoya University. 
 
6.  The reader may be interested to know that Francesca did get her motor scooter and has 
ridden it about Rome since the mid-1980s without having an accident. 
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