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Chapterr 3 
Isaacc Levi's Epistemology: A Crit ique 

3.11 Isaac Levi's Epistemology 

Isaacc Levi, professor at the Columbia University of New York since 1970, is first 
andd foremost a philosopher for technicality buffs: using a rather idiosyncratic 
terminologyy based on logic and probability theory, he puts forward his episte-
mologicall  tenets in a voluminous series of publications. Levi defends a radical 
neww perspective on a number of traditional epistemological issues, while firmly 
re-establishingg the bond between logic and epistemology, which has been increas-
inglyy loosening during the past forty years. Furthermore, Levi is the main pioneer 
andd initiator of contemporary logical-philosophical research into belief change. 
Levii  places himself explicitly within the tradition of American pragmatism. Ac-
cordingly,, some of the keynotes of Levi's epistemology can only be understood 
properlyy when placed against the background of American pragmatism. 

3.1.11 Non-Deductive Logic and the Belief-Doubt-Belief 
Model l 

Thee lawyers and scientists who in January 1872 founded the 'Metaphysical Club', 
thee cradle of American pragmatism, set out to combine the work of the British 
psychologistt Alexander Bain, who defined 'belief' as "that upon which a man is 
preparedd to act", with considerations concerning the philosophy of law and the 
theoryy of evolution in order to arrive at an overall theory of human thinking. 
Fromm the very beginning, the members of the club, among which William James 
(1842-1910)) and, albeit much later, Charles Sanders Peirce (1839-1914) would 
gatherr most laurels, rejected the ubiquitous tenet that true knowledge is to be 
modelledd after mathematics.1 

JThee lawyer Oliver Wendell Holmes Jr., one of the six key members of the Metaphysical 
Club,, writes in his The Common Law from 1881: '"The law embodies the story of a nation's 
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Onee of the results of this heresy, which no American pragmatist would ever 
repudiate,, was that the field of logic, as opposed to the logical inquiries of Frege 
andd the early Russell, came to include not only mathematical reasoning, but, in 
Peirce"ss words, 'the method of scientific investigation' as well. John Dewey (1859-
1952)) later explicitly advocated an even wider domain for logic: the very logic 
off  inquiry which leads to scientific results was also the methodological backbone 
off  'common sense'.2 Levi, whose continuity thesis owes much to the American 
pragmatistt tradition, is of the opinion that from a methodological point of view, 
thee same mechanisms underlie both 'scientific inquiry' and practical deliberation': 

Thee difference between theoretical inquiry and practical deliberation 
iss a difference in goals and not a difference in the criteria for rational 
choicee that regulate efforts to realize these goals. [Levi. 1980, p. 73]  3 

Thee first consequence of this wider interpretation of the field of methodological 
inquiryy was that the pragmatists, beginning with Peirce. placed non-deductive 
reasoning,, such as induction and abduction, at a central place of logic. However, 
attemptss of early American pragmatists to characterize non-deductive inferences 
remainedd informal until the publication of Dewey's methodological magnum opus 
Logic:Logic: The Theory of Inquiry in 1938. By that time, the necessary groundwork 
hadd been done in Europe. Bertrand Russell and Rudolf Car nap grappled in vain 
withh formal solutions to justify, among others, generalizations: Russell's Our 
KnowledgeKnowledge of the External World (1914) en Carnap's Der logische Aufbau der Welt 
(1928)) showed the failure of the endeavour to uncover the mechanisms by which 
wee acquire knowledge of the world on the basis of observations and making use of 
thee then recent instruments of mathematical logic and set theory. It emerged that 
thee conditions under which tentative extensions of our beliefs, such as for example 
inductivee inferences, are justified, could not be tackled with mathematical logic 
andd set theory. In 1950, Rudolf Carnap, who had been teaching at the University 
off  Chicago since 1936, presented in his Logical Foundations of Probability an 
epoch-makingg treatment of non-deductive reasoning based on probability theory: 
inductivee logic was born. Isaac Levi was one among many working within this 

developmentt through many centuries and it cannot be dealt with as if it contained only the 
axiomss and corollaries of a book of mathematics. In order to know what it is we must know 
whatt it has been, and what it tends to become." Quoted in [Kuklick, 1977, p. 50-51]. 

2Accordingg to Arthur Danto. this continuity thesis in the field of methodology is character-
isticc for naturalism: "Naturalism [...] is a species of philosophical monism according to which 
whateverr exists or happens is natural in the sense of being susceptible to explanation through 
methodss which, although paradigmatically exemplified in the natural sciences, are continuous 
fromm domain to domain of objects and events.'' Quoted in [Keil and Schnadelbach, 2000, p. 20]. 
Levii  for his part actually sees the continuity thesis as the pivot of pragmatism: "What is 'prag-
matic'' about pragmatism is the recognition of a common structure to practical deliberation and 
cognitivee inquiry in spite of the diversity of aims and values that may be promoted in diverse 
deliberationss and inquiries." [Levi. 1991, p. 78.] 

3Seee also [Levi. 1980, p. 16-19 and 23]. 
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philosophicall  research program which was especially strong during the seventies 
andd eighties. 

Thee rejection of the axiomatic ideal as a standard for all knowledge4 in com-
binationn with the acceptance of an evolutionist perspective, also had a second 
consequence.. While many epistemologists, including logical empiricists, focused 
theirr attention mainly on the justification of the results of the acquisition of 
knowledge,, concentrating on the rational reduction of these results to their origins 
(basicc principles, Protokollsatze, or sensory stimuli), the American pragmatists 
chosee a different perspective. Mainly through their agency, the process of belief 
changechange became a respectable subject for epistemological study. In Levi's opinion, 
pedigreepedigree epistemology - Levi's condescending expression for the epistemological 
enterprisee of justifying our beliefs by tracing them back to their origins by means 
off  a rational reconstruction - has proven to be a dead end. As an alternative 
program,, Levi suggests to investigate under which circumstances a change of our 
currentt state of knowledge is justified: 

Whateverr its origins, human knowledge is subject to change. In sci-
entificc inquiry, men seek to change it for the better. Epistemologists 
oughtt to care for the improvement of knowledge rather than its pedi-
gree.. [Levi, 1980, p. 1] 

Levi,, an advocate and pioneer of a normative approach in which adjustments 
off  epistemic states are investigated using a logical apparatus, aims at formulating 
criteriaa under which a change of knowledge is also an improvement. It is not 
Levi'ss aim to describe how our knowledge actually changes,5 but how it reasonably 
shouldshould change: 

Thee central problem of epistemology ought to be [...] to provide a 
systematicc account of criteria for the improvement of knowledge. Al-
ternativelyy stated, the problem is to offer a systematic characteriza-
tionn of conditions under which alterations in a corpus of knowledge 
aree legitimate or are justified. [Levi, 1976, p. 1] 

Althoughh Levi was not the first to put knowledge change on the logical agenda, 
hee is certainly the main initiator of its systematic investigation. Levi's philo-
sophicall  forebears Peirce and Dewey already propagated a dynamic approach to 

4Levii  writes: "Following the tradition of Peirce and Dewey, I reject the requirement of 
self-certifiedd first premises and principles for justifications of belief." [Levi, 1991, p. 4.] 

5Sincee Thomas Kuhn's The Structure of Scientific Revolutions (1962), in which he defends 
aa "new historiography of science", it is accepted practice to explain belief changes in terms 
off  'revolutionary' paradigm shifts. Context independent rational factors are supposed to only 
playy a marginal part in the explanation of paradigm shifts, since paradigms before and after a 
scientificc revolution appear to be incommensurable. Levi underplays the significance of these 
"changess in conceptual framework" - "there are no revolutionary changes or, at any rate, 
theree should not be" [Levi, 1980, p. 68] - and actually wants to investigate, given a conceptual 
framework,, into the criteria on the basis of which our beliefs ought to be changed and improved. 
Withinn such a conceptual framework all epistemic states are commensurable [Levi, 1991, p. 65]. 



32 2 ChapterChapter 3. Isaac Levi's Epistemology: A Critique 

knowledgee with their belief-doubt-belief model, which should be understood as the 

firstfirst attempt at a logical description of the process of knowledge change. This 

modell  can be broadly outlined as follows: our actual state of knowledge forms 

aa pattern of expectations, on which we base our actions. As long as we have 

noo reasonable cause to doubt (parts of) this current epistemic state, it makes no 

sensee to feign some Cartesian doubt, since after all there is "much that you do 

nott doubt, in the least. Now that which you do not at all doubt, you must and 

doo regard as infallible, absolute truth." (Peirce, CP 5.416.) Nevertheless, change 

iss sometimes required. An experience "which really interferes with the smooth 

workingg of the belief-habit" (Peirce, CP 5.510), and which therefore, unlike an 

academicc doubt, causes true doubt, shakes our opinions so that an inquiry be-

comess necessary to re-establish the lost equilibrium and to overcome the doubt 

causedd by this unforeseen experience. This inquiry wil l lead to a new state of 

belieff  which, since it is the result of a procedure executed in accordance with the 

ruless of methodology, wil l constitute a firm and sufficient basis for our thoughts 

andd deeds, until an unforeseen experience forces us again to an inquiry.6 While 

Peircee and Dewey focussed on a meticulous investigation of the criteria for knowl-

edgee change,7 some of Levi's other predecessors achieved an informal description 

att most.8 

6Accordingg to Levi, this model is "the greatest insight in the pragmatist tradition" 
[Levi,, 1991, p. 163]. 

7Dewey'ss activities in the field of logic cover his whole philosophical career and find their 
culminationn in his work Logic: The Theory of Inquiry (1938). His earlier logical-philosophical 
investigationss are embodied in the Studies in Logical Theory (1903), in his more pedagogi-
callyy oriented study How We Think (1910), and in the Essays in Experimental Logic (1916). 
[Burke.. 1994] gives a survey and a defence of Dewey's studies in logic. 

8Seee [James, 1907, p. 34-35]: "The individual has a stock of old opinions already, but he 
meetss a new experience that puts them to a strain. [...] The result is an inward trouble to 
whichh his mind til l then has been a stranger, and from which he seeks to escape by modifying 
hiss previous mass of opinions. He saves as much of it as he can, for in this matter of belief we 
aree all extreme conservatives. So he tries to change first this opinion, and then that (for they 
resistt change very variously), until at last some new idea comes up which he can graft upon the 
ancientt stock with a minimum of disturbance of the latter, some idea that mediates between the 
stockk and the new experience and runs them into one another most felicitously and expediently. 

Thiss new idea is then adopted as the true one. It preserves the older stock of truths with 
aa minimum of modification, stretching them just enough to make them admit the novelty, but 
conceivingg that in ways as familiar as the case leaves possible. An outrée explanation, violating 
alll  our preconceptions, would never pass for a true account of a novelty. We should scratch 
roundd industriously til l we found something less excentric. The most violent revolutions in an 
individual'ss beliefs leave most of his old order standing. [...] New truth is always a go-between, 
aa smoother-over of transitions. It marries old opinion to new fact so as ever to show a minimum 
off  jolt, a maximum of continuity." 

Seee also [Quine. 1953. p. 42]: "[T]otal science is like a field of force whose boundary condi-
tionss are experience. A conflict with experience at the periphery occasions readjustments in 
thee interior of the field. Truth values have to be redistributed over some of our statements. 
Reëvaluationn of some statements entails reevaluation of others, because of their logical inter-
connectionss - the logical laws being in turn simply certain further statements of the system. 
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Fivee years after the publication of Levi's The Enterprise of Knowledge (1980), 
inn which formal criteria for rational revisions of epistemic states are defended, 
Alchourrón,, Gardenfors and Makinson published a very elegant formalization 
off  some of the logical prerequisites for Levi's ideas on knowledge change: the 
harmoniouss overture to what has by now built up to a discipline of symphonic 
proportionss within the philosophy of logic, a discipline that is designated by the 
termss 'belief revision', 'belief change' and 'theory change'.9 

Inn the past fifteen years, logical research into belief change has boomed, pro-
ducingg a considerable amount and diversity of formal systems. Although there 
havee been elegant and 'deep' results and successful attempts at partial systemati-
zation,100 the reasons and motives for the construction of many systems frequently 
leavee much to be desired: often one tiny littl e problem gives rise to yet another 
neww system.11 As Levi is not only an initiator of research into belief change, but 
alsoo its most philosophical advocate - Levi is almost the only one to propound a 
philosophicall  embedding for formal theories of belief change12 -, we will subject 
Levi'ss proposals for the modelling of belief change to a critical examination, hop-
ingg that the conclusions that will be reached can be extrapolated to competing 
systemss for belief change, so that we can get a clearer picture of this branch of 
philosophicall  logic. 

3.1.22 Epistemic States and Their Representations 

Beforee we actually can write down anything sensible about the mechanisms of 
belieff  change, we must first know what is supposed to change. Levi distinguishes 
betweenn epistemic states ('states of full belief), our true states of knowledge on 
thee one hand, and representations of epistemic states ('corpora') on the other. 
Althoughh in his The Fixation of Belief and Its Undoing (1991), Levi has gone 
too many lengths to define and defend his preferred notion of 'epistemic state',13 

wee shall adopt Levi's own policies for treating contraction and conditionals, and 
concentratee on Levi's proposals concerning the representations of epistemic states 

certainn further elements of the field. Having reevaluated one statement we must reevaluate some 
others,, which may be statements logically connected with the first or may be the statements of 
logicall  connections themselves." 

9[Alchourrón,, Gardenfors, and Makinson, 1985] For an introduction, see [Gardenfors, 1988] 
andd [Hansson, 1999c]. 

10Seee [Rott, 1991], [Rott, 1992], and [Rott and Pagnucco. 1999]. 
111 See for instance [Ferme and Hansson, 1999], in which the system, that, unlike other systems 

off  belief change, is able to accept a part of the new information, is illustrated with the following 
example:: "One day when you return back from work, your son tells you, as soon as you see 
him:: ;A dinosaur has broke grandma's vase in the living-room'. You probably accept one part 
off  the information, namely that the vase has been broken, while rejecting the part of it that 
referss to a dinosaur." [Ferme and Hansson, 1999, p. 331.] 

122 [Friedman and Halpern, 1999] outlines two alternative 'embeddings'. 
13Seee especially [Levi, 1991, §§ 2.1-2.4]. 
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ass well as their dynamics. 

I tt goes without saying that a choice for certain types of representations of epis-
temicc states has far-reaching consequences. Although there is some contention 
aboutt the most suitable kinds of representations,14 the similarities between the 
positionss defended by logicians overrule the differences. Most protagonists, in-
cludingg Levi, share the presupposition that epistemic states should be represented 
byy structured sets of descriptive sentences. 

Whyy has this idea been such a resounding success? The promotion of this 
tendencyy to represent our knowledge as a structured set of descriptive sentences 
wass mainly due to the leading role that philosophy of science, which was grafted 
onn neo-positivism, played in the development of epistemology in the twentieth 
century.. Originally, the members of the Vienna Circle subscribed to the tradi-
tionall  ideal of knowledge, although they gradually gave up the requirement to 
providee a Begriindung of science. Nevertheless, the Aristotelian ideal of knowl-
edge155 has in its fall not dragged down the idea that our knowledge ultimately 
formss a coherent whole of descriptive sentences. The fall of the Aristotelian idea 
hass only fundamentally changed this idea. This coherence consists and consisted 
off  'inferential' relations between descriptive sentences. During the twentieth cen-
tury,, both the propositional att i tude towards sentences included in a system of 
knowledgee and their inferential relations have been reassessed. If it was formerly 
thoughtt that all true sentences could be assigned a specific place in the fabric 
off  our knowledge by working out which axioms and corollaries (or in the case of 
logicall  empiricists such as Moritz Schlick, which Konstatierungen) were needed 
too justify them with the help of the canons of reasoning mechanisms, now we 
givee preference to the metaphor of a web of belief in which sentences which are 
heldheld to be true are ordered according to their "relative likelihood, in practice, 
off  our choosing one statement rather than another for revision in the event of 
recalcitrantt experience".16 

Secondly,, there is the holistic approach of meaning and cognition, propagated 
byy Quine in particular,17 which has led many epistemologists to be inclined to 
thinkk that an epistemic state is an idealization of our 'theory of the world', where, 

14Forr an already somewhat dated survey, see [Gardenfors, 1988, p. 21-46]. 
15Seee [Beth, 1959, p. 31-32] for a detailed discussion. 
166 [Quine, 1953, p. 43.]. In recent investigations into belief change we come across a similar idea 

underr the name 'epistemic entrenchment'. See among others [Gardenfors and Makinson, 1988], 
[Rott,, 1991], and [Levi, 1991, § 4.7]. 

17Inn his famous 'Two Dogma's of Empiricism', Quine discredited the assumption that each 
meaningfull  sentence is equivalent to a logical-mathematical construct of observational terms, 
ann assumption that was shared by Peirce and most logical empiricists. Instead, Quine proposes 
too consider theories instead of sentences as the primary carriers of meaning, and then to try 
too establish the empirical meaning of theories on the basis of the relations between theories 
andd empirical data. Levi also stresses that "in the first instance it is not sentences or other 
linguisticc entities that carry truth value and informational value but potential states of full 
belief.""  [Levi, 1996, p. 53.] 
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obviously,, a theory consists of descriptive sentences. The logical empiricist ideal 
off  an Einheitswissenschaft has only reinforced that inclination. So, Quine speaks 
off  '[t]he totality of our so-called knowledge or beliefs', 'our own particular world-
theory',, and 'total science'.18 

Inn the third place, there is an influential methodological reason for representing 
epistemicc states by structured sets of descriptive sentences. First, in epistemo-
logicall  inquiry, it is possible to limit oneself, for instance on the basis of Quinean 
behaviourism,, to the part of our knowledge that can be put into words, without 
committingg oneself to the point of view that all our knowledge can be thus articu-
lated.. Likewise, it seems advisable in epistemology to start by investigating only 
thosee beliefs which can be put into a descriptive sentence, so that recently booked 
resultss in logic can be applied in epistemological analyses, without committing 
oneselff  to the point of view that all knowledge that can be put into words can also 
bee st rait jacketed into a descriptive sentence. This reculer pour mieux sauter - to 
bee able to tackle epistemological problems with contemporary logic we will limit 
ourselvess to the part of knowledge which can be expressed in descriptive sentences 

iss a popular strategy among formally oriented philosophers of science, logicians 
andd researchers in the field of artificial intelligence. 

Soo it is only natural that Levi proposes to represent the knowledge of a certain 
agentt X that can be expressed in some (formal) language L as a deductively closed 
sett K of sentences in L.19 Levi calls such a deductively closed set of sentences a 
corpus.corpus.22®® Within a corpus two classes of sentences can be distinguished. 

Inn the first place, a corpus contains sentences that X will not give up under 
anyy circumstance. For instance, those sentences that articulate the metaphysical, 
ontologicall  and (classical) logical presuppositions to which X is committed. Levi 
labelss the set of sentences which, at least for X, do not qualify for revision, as 
X'ss urcorpus. It forms the kernel of each corpus of X and includes at least the 
criteriaa on the basis of which proposals for changing X's corpus are judged. So 
thee urcorpus consists at least of "those assumptions which any corpus should have 
iff  an account of the revision of knowledge [...] is to stand a chance of working." 
[Levi,, 1980, p. 7.] In addition to (classical) logic, mathematics and set theory, 
thee urcorpus contains a 'conception of error' [Levi, 1980, p. 8] and, I assume, a 
'conceptionn of informational value'.21 

Inn the second place, X's corpus contains sentences of which X does not rule 
18[Quine,, 1953, p. 42]; [Quine, 1960, p. 24]; and [Quine, 1953, p. 42]. 
19Levii  assumes that L is rich enough to express arithmetic and set theory and that it complies 

withh (classical) first-order logic. L should not be understood as the language "that the agent 
usess or would use to communicate his convictions or other attitudes." [Levi, 1991, p. 33.] 

200 [Levi, 1980, p. 4.] The problem of logical omniscience, a consequence of the choice for 
deductivelydeductively closed sets of sentences, is discussed in [Levi, 1976, p. 22-23] and in [Levi, 1980, p. 9-
12].. See also [Levi, 1991, § 2.1], in which Levi, by putting forward a distinction between 'doxastic 
commitment'' and 'doxastic performance', distances himself from the naturalist program in 
epistemologyy defended notably by Quine. 

211 In the formalizations of Levi's theory of belief change, the urcorpus is represented by Cn(®). 
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outt that they might one day qualify for revision, though they are, at present, 
infallible.222 These sentences may be (negations of) singular statements, but also 
laws,, theories, and statistical claims. The fact that X considers a statement 0 
inn her corpus at time t to be susceptible to revision, does not alter the degree to 
whichh 0 is considered probable by X: 

Fromm X's point of view at t, every theoretical assumption, statistical 
claim,, universal generalization and observation report in his corpus at 
tt is as certainly and necessarily true as any truth of logic - at least as 
farr as the conduct of practical deliberations and scientific inquiry are 
concerned.. [Levi. 1976. p. 24] 

Iff  we now follow Levi's suggestion and represent the 'credal probability1 that X 
attributess to sentences by a function Q complying with the standard axioms of 
probabilityy theory, such that Q is defined for all sentences in the language L. the 
abovee can be summed up as follows: for all sentences ^ in X's corpus K it holds 
thatt Q{0) = 1. 

Ourr current corpus is, according to Levi, the only standard for what we, at 
leastt for the time being, hold possible. Logical possibilities form much too large 
aa class for a workable concept of possibility: 

Itt seems clear that in daily life and scientific inquiry, we discount 
utterlyy all sorts of logical possibilities. We do not assign them small 
probabilitiess of being true. [Levi, 1976, p. 12.] 

Furthermore,, it is for Levi a "prima facie obvious fact" that, in scientific inquiry 
andd practical deliberation. X must consider all the elements from its present 
corpuss to be certain and infallible. The tenets that our current corpus determines 
whatt we hold possible and that we consider all the elements from our current 
corpuss to be certain and infallible are defended on the basis of Levi's definition of 
thee concept 'serious possibility': a sentence 0 is a serious possibility with respect 
too a corpus K if and only if 0 is consistent with K [Levi, 1980, p. 5].23 A corollary 
off  this interpretation of possibility is that each element (p 'm K is necessary and 
thereforee infallible, since ->(f>  is not a serious possibility with respect to K. Levi 
sumss up both claims with his thesis of epistemological infallibilism.24 In short, 

XX is committed to treating all items in the corpus of knowledge he 
adoptss at t as infallibly true in the sense that the logical possibility 
thatt one of the items is false is not, as far as he is concerned, a serious 
one.. [Levi, 1976, p. 7] 

22Seee the quote of Peirce's (CP 5.416) on page 32 of this chapter. 
23Inn 1980. Levi defines a corpus K in terms of the set of serious possibilities. In 1996. Levi 

definess the set of serious possibilities in terms of a corpus K. Logically speaking, these are two 
sidess of the same cookie - see [Levi, 1996, p. 45]. 

24Seee [Levi, 1980, p. 13]. 
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Epistemologicall  infallibility , however, does not imply that our current corpus 
KK77 our one and only standard for serious possibility is impervious to deliberate 
change:: "Certainty does not imply incorrigibility." [Levi, 1991, p. 3.] With good 
reason,, our current corpus can be changed and improved in order to arrive at 
anotherr corpus K' which then will become our one and only standard for serious 
possibility.. In short, knowledge is corrigible, even though we consider it to be 
infalliblee when we have no reason to change it.25 

Inn his 'Knowledge and Belief' from 1952, in which he provides a reinterpreta-
tionn of the traditional distinction between 'knowledge' and 'belief', Norman Mal-
colmm uses a concept of knowledge closely related to Levi's. The omission of the 
latterr to breathe life into his rather formal conception of knowledge with a num-
berr of convincing illustrations is compensated by the five real-life examples which 
Malcolmm puts forward to make clear that the answer to the question "Can I dis-
coverr in myself whether I know something or merely believe it?" [Malcolm, 1952, 
p.. 69] must be in the negative.26 Let us take a closer look at two of his examples: 

Suppose,, for example, that several of us intend to go for a walk and 
thatt you propose that we walk in Cascadilla Gorge. I protest that I 
shouldd like to walk beside a flowing stream and that at this season 
thee gorge is probably dry. Consider the following cases: [...] 

(4)) You say 'I know it won't be dry' and give a stronger reason, e.g., 'I 
saww a lot of water flowing in the gorge when I passed it this morning'. 
Iff  we went and found water, there would be no hesitation at all in 
sayingg that you knew. [...] 

(5)) Everything happens as in (4), except that upon going to the gorge 
wee find it to be dry. We should not say that you knew, but that you 
believedbelieved that there would be water. And this is true even though you 
declaredd you knew, and even though your evidence was the same as 
itt was in case (4) in which you did know. [Malcolm, 1952, p. 69-70] 

Accordingg to Malcolm, these examples show that "although you knew you 
couldcould have been mistaken1' [Malcolm, 1952, p. 71]. Malcolm thinks that it is 
surelyy possible for a statement that we consider to be an 'absolute certainty' at 
present,, for example "There is a heart in my body", to turn out to be false on 
closerr examination and, hence, to be eligible for correction.27 So, absolute certain 
knowledgee and corrigibility are not mutually exclusive. That's all very well, but 
whenn can a change of our absolute certain knowledge be called an improvement? 

25Seee [Levi, 1980, p. 18]. 
26Levii  writes: "In my opinion, there is no relevant difference, from X's point of view at t, 

betweenn what he knows and what he fully believes" [Levi, 1976, p. 5]. On the relation between 
'' and "full belief', see also [Levi, 1991, p. 45]. 

27Seee [Malcolm. 1952, p. 76]. 
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3.1.33 Revision of Corpora 

Noww that we have represented an epistemic state by a corpus a deductively 
closedd set of sentences from a language L we can start thinking of belief changes 
orr revisions of corpora in terms of "shifts from one deductively closed set to an-
other.""  [Levi, 1976, p. 23.] Levi distinguishes two fundamental types of revision, 
namelyy expansion and contraction. He claims that these types are fundamental 
becausee all other kinds of revision of corpora can be understood as a series of ex-
pansionss and contractions [Levi, 1980, p. 65] .28 Subsequently, Levi concentrates 
onn articulating the conditions under which these two basic types of revision are 
justified,, starting from the following consideration: 

Thee kind of cognitive aim that, in my opinion, does best in rational-
izingg scientific practice is one that seeks, on the one hand, to avoid 
errorr and, on the other, to obtain valuable information. [Levi, 1996. 
p.. 51] 

Consequently,, the starting-point of Levi's ideas on belief change is formed by the 
twinn concepts of 'informational value' and 'credal probability'. 

Expansion n 

Inn expansion, a sentence 0 is added to a corpus K. For the sake of convenience 
wee wil l denote the result of such an operation by LK + 0'. Logically speaking, an 
expansionn doesn't amount to much: just take the union of the sets K and {0 } 
andd close that union under deduction. In short, 

KK + 0 - Cn(KU {(f)}). 

I tt is plain that this definition does not answer the question under which conditions 
ann expansion is an improvement of our corpus. It only indicates how we should 
changee our current corpus once we have decided to expand it with the sentence 0. 
Itt tells us nothing about the reasonableness of such a decision. Unlike the great 
majorityy of researchers in the field of belief change, Levi formulates up a standard 
onn the basis of which the legitimacy of the decision to implement an expansion 
cann be judged.29 Most of Levi's ideas on expansion stem from the monograph 

28Consequently,, in belief change literature, revision is usually denned in terms of a contraction 
andd an expansion: K x 0 = {K — -i0) + 0. This definition of revision is called the Levi identity. 
Seee [Gardenfors, 1988, p. 69]. 

29Friedmann and Halpern rightly complain about the fact that in the bulk of belief change 
literaturee no-one takes the trouble to investigate into the conditions under which the addition of 
aa sentence to an epistemic state is legitimate, though "deciding when a formula has come to be 
acceptedd is nontrivial. [...] Acceptance has a complex interaction with what is already believed." 
[Friedmann and Halpern, 1999, p. 404.] Levi notes the same shortcoming: "The absence of an 
accountt of the conditions under which expansion is justified is a serious lacuna in a theory of 
rationall  belief change." [Levi, 1996, p. 6.] See also Levi's remarks on Gardenfors's work on 
expansionn [Levi, 1991, p. 44 and § 3.6]. 
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GamblingGambling with Truth (1967). 
Levii  distinguishes two types of expansion, namely deliberate expansion and 

routineroutine expansion. Both types are necessary to acquire new information. In rou-
tinee expansion, an external stimulus is converted into a sentence via a previously 
adoptedd 'program'. The resulting sentence is then indiscriminately added to the 
corpuss of the agent - what Levi has in mind here is making observations or con-
sultingg a witness or an expert. Although we only accept a program for routine 
expansionn if we consider it to be reliable, a hundred percent reliability is an unrea-
sonablee demand. Therefore, an accepted program can inject information into our 
currentt corpus which is inconsistent with our current corpus, whereby the corpus 
resultingg from the expansion becomes inconsistent and, hence, trivial, since Levi 
closess corpora under classical logic. In short, a routine expansion implemented 
accordingg to the rules can unintentionally lead to the inconsistent corpus.30 Fur-
therr on, we will see that a correctly implemented deliberate expansion does not 
sufferr from this deficiency.31 

Inn deliberate expansion, an agent chooses one sentence from a series of al-
ternativess and then adds it to his corpus. Let us now take a look at what the 
technicall  ins and outs of this type of expansion are. The need for a deliberate 
expansionn of our present corpus does not simply come out of the blue we add 
neww information to our corpus only for a certain purpose. What is that purpose 
andd how do we serve it best? To clarify the issue, Levi notes down the following 
considerationss concerning 'deliberate decision making1: 

Inn deliberate decision making, the agent identifies the options available 
too him, his goals, and the available relevant evidence concerning the 
admissibilityy of the options for the purpose of realizing these goals and 
values.. The option chosen is determined relative to these beliefs and 
valuess according to principles of rational choice. [Levi, 1980, p. 36] 

Severall  aspects of our question about the conditions under which an expansion is 
legitimatee can now be specified: 

Thee options are potential expansion strategies which qualify as po-
tentiall  answers to the question under investigation, and the aim is to 
gratifyy the demand for information occasioned by the question while 
att the same time avoiding error. [Levi, 1980, p. 38-39] 

Soo the aim of an expansion is answering a question with 'new error-free informa-
tion'.. However, in case (f> as well as ~xj> are serious possibilities with respect to 

30Seee for a more detailed discussion of routine expansion [Levi, 1991, § 3.4]. 
31"[I] ff  one is living up to one's commitments, one cannot legitimately expand into inconsis-

tencyy via deliberate expansion. On the other hand, routine expansion can and sometimes does 
leadd to inconsistency even when all commitments are fully met." [Levi, 1991, p. 76.] 
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K,K, there is always the risk that if we expand our corpus K with 0, we allow a 
falsee sentence into our corpus. According to Levi, such an expansion is justified 
iff  and only if the information value of <p outweighs the risk that 0 is false: 

Onn the basis of inquiries [...] wTe sometimes reach a point where we 
concludee that the trade offs between risk of error and informational 
benefitss are such as to warrant adding some hypothesis to the corpus 
andd so to convert its status from mere hypothesis to settled, estab-
lishedd and infallible truth (where being settled, and established is only 
forr the time being and not necessarily forever). [Levi, 1976, p. 15] 

Inn order to fulfi l the aim of getting relevant -new error-free information' as best 
ass possible, we should ideally proceed as follows: if, given our current corpus K, 
wee have to deal with a problem, we first identify, in a phase which Levi calls 
'abduction',322 all seriously possible problem-solving options; then we trade off 
thee informational value and the credal probability of all the available options; and 
finally,, we implement an expansion of our current corpus with those subset of 
optionss which have come up as the best during this weighing procedure. How 
doess it all fit together formally? 

Levii  calls the set U of all available options that solve a given problem an 
ultimateultimate partition. Let U = {fa,..., (f)n} be a finite set of available options.33 U 
iss exhaustive and exclusive. Al l alternative options fc in U are serious possibilities 
withh respect to the current corpus K. No single option <fo is an element of K. 
Moreover,, K implies the truth of exactly one element in U, though we do not 
knoww which.34 Levi defines a potential answer as the rejection of a subset R of 
U.U. A potential answer can be formulated with a sentence p. where p stands for 
thee disjunction of all alternative options in R. After choosing a potential answer, 
agentt X should expand his corpus K with -ip, that is, with the statement that 
thee correct answer in U is not in the subset R of rejected elements from f/.35 

Ass noticed, we need to balance the risk we take of admitting a false sentence 
intoo our corpus when choosing a potential answer p against what the choice of 

32Levii  stipulates: "Abductive logic [...] is a system of norms prescribing necessary conditions 
whichh a system of potential answers to any legitimate question should satisfy." [Levi, 1976, 
p.. 33] The assessment of the informational values of the potential answers is also the result of 
abduction.. See [Levi, 1980, p. 49] and [Levi, 1998, p. 4]. 

33Levii  also discusses, although summarily, infinite sets of options. See [Levi, 1976, p. 41-42] 
andd [Levi, 1980, p. 49]. The technical problems raised by infinite sets of options are irrelevant 
forr the purpose of my argument. 

34Seee [Levi, 1967a]. 
35Theree are two limiting cases. On the one hand, X can decide not to reject any option in U. 

Inn that case, the expansion of K with the statement that the correct answer is not to be found 
inn the (now empty!) set of rejected alternatives in U leaves the corpus K as it was. On the 
otherr hand, X may decide to reject all alternatives in U. Expansion of K with the statement 
thatt the correct answer in U is not to be found in the set of rejected alternatives now produces 
thee inconsistent corpus. 
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pp brings us, namely new information: after expansion with ->p. we indeed know 
thatt ->p. In order to represent this trade off between informational value and 
credall  probability numerically, Levi attaches to both informational value and 
credall  probability a separate probability measure. (Levi maintains that these two 
measuress should not be reducible to each other.) So, the informational value is 
fixedfixed with an Information-determining probability measure' M, and the credal 
probabilityprobability with a second probability measure, the 'expectation-determining prob-
abilityy measure' Q. (We have already met the latter at our discussion of Levi's 
notionn of a corpus.) 

Thee probability measure M assigns to each sentence ^ in U a probability 
M(&) ,, such that 0 < M(^ ) < 1 and M{<j>{)  + . .. 4- M{4>n) = 1. This probability 
measuree means to represent X's (context dependent) evaluation of the informa-
tionaltional value of the available options, but says nothing about X's assessment of the 
credalcredal probability of these options: M(<j>i)  is the informational value of rejecting 
&&  [Levi, 1980, p. 48]. Hence, "1 - M(<f>i)  is the informational utility or value 
off  adding 0j to X's corpus [...] when considerations of truth value are ignored." 
[Levi,, 1976, p. 38 - adapted notation.] 

Inn turn, the measure Q assigns a probability Q(tp) to each sentence vb in the 
languagee L, such that 0 < Q{ip) < 1. This probability measure is meant to 
representt X's assessment of the credal probability of the available options, but 
tellss us nothing about X's evaluation of the informational value of these options. 
Itt fixes X's 'credal state', a supplement to X's corpus of knowledge: 

[Rjelativee to his corpus of knowledge X has a 'credal state' represented 
byy a probability function assigning to all sentences in L a numerical 
probabilityy consistent with the requirement that all items in his corpus 
bearr probability 1. [Levi, 1976, p. 37] 

Lastly,, the utilities M(<&) and Q(<&) of each option (pt have to be traded off, 
weighedd by a 'degree of boldness' q. This degree of boldness, which, though 
itt always holds that 0 < q < 1, is context-dependent (as we shall see later on), 
representss the degree to which X is prepared to risk errors in order to acquire new 
information.. Levi's assumptions and argumentations, based on an approach via 
aa maximization of expected epistemic value, finally lead to the following criterion 
forr the choice of an expansion strategy,36 a criterion that we will designate from 
noww on with 'Rule A: 

Givenn a corpus Kx,ti finite partition U. information-determining prob-
abilityy function M defined over the Boolean algebra of elements of U, 
ann expectation-determining probability function Q defined over the 

Forr technical details, see especially [Levi. 1967b]. 
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samee algebra, and an index of caution q. X should reject all and only 
thosee elements of U satisfying Q{ói) < qM{$i). [Levi, 1980, p. 53]37 

Iff  the potential answer R = {0n . 0im}  is the set of options which is rejected on 
thee strength of the abovementioned criterion, then, if we subscribe to Levi's pro-
posals,, the expansion of X's current corpus K with ->((f>a  V... V0;m) is legitimate. 
Thee result of this expansion. X's new corpus, is then given by K+->(<frn\/. ..V0;m), 
whichh will serve as X's new standard for serious possibility: 

Too be sure, prior to expansion, there is a risk, from X's point of view, 
thatt the information to be added to his standard for serious possibility 
iss false. Yet, sometimes X is justified in taking the risk. Once X has 
implementedd the expansion strategy and taken the risk, he evaluates 
seriouss possibility according to a new standard relative to which the 
neww information added is no longer possibly false. [Levi. 1980. p. 57] 

Contraction n 

Inn contraction, a sentence 0 is deleted from a corpus K, such that 0 is not a 
logicall  consequence of the remaining sentences in the corpus resulting from the 
contractionn of K with 0. For the sake of convenience, we will use LK — 0' to 
denotee the resulting corpus. 

Otherr criteria apply for contractions than for expansions. As opposed to what 
iss the case in expansions, avoiding error cannot be a reason for deleting a sentence 
00 from a corpus K, as all the sentences in a corpus K, which after all acts as 
X'sX's standard for serious possibility, cannot possibly be false: "In contraction, 
thee concern to avoid error is vacuous."38 On the contrary, in a contraction X 
givess up a sentence which is definitely true: "For X to contract his corpus is for 
himm to surrender error-free information.'7 [Levi, 1980, p. 58.] Hence, the credal 
probabilityprobability of the sentences in K can play no part in the formulation of a criterion 
forr legitimate contractions. Levi intends to formulate a theory of contraction that 
"seekss to show how a consistent account of justified ceasing to believe is feasible 
evenn when K is taken to be a standard for serious possibility and all members of 
KK are true in the sense in which avoidance of error is taken to be a desideratum 
off  efforts to improve K by revising it." [Levi, 1991, p. 61.] 

Levi'ss epistemology only allows for two reasons for a contraction. First, as we 
havee indicated briefly above, it is possible to accidentally end up in the incon-
sistentt corpus via a legitimate routine expansion of a consistent corpus K with 
aa sentence 0. Because the inconsistent corpus "fails as a standard for serious 
possibilityy to be used in inquiry and deliberation" and therefore is of no value 

37Strictlyy speaking, the Q-function is not only defined for all boolean combinations of elements 
inn £7, but for all elements of the language L. 

38[Levi,, 1991. p. 79.] See [Levi. 1998, p. 50]. 
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whatsoever,399 an agent is obliged to once again arrive at a consistent corpus by 
meanss of a coerced contraction:40 

Whenn routine expansion injects inconsistency into the inquirer's doc-
trine,, contraction from the inconsistent state is required. An incon-
sistentt state of full belief or corpus fails as a standard for serious 
possibilityy for the purpose of subsequent inquiry and for practical de-
liberation.. [Levi, 1991, p. 76-77] 

Thatt we need to implement a contraction if we have landed in the inconsistent 
corpuss is beyond dispute. In a coerced contraction, we can restrict ourselves to 
determiningg the strategies to extricate ourselves from the inconsistent corpus. 
Thee inconsistent corpus was reached by expanding a consistent corpus K already 
containingg the sentence -><ƒ> with a sentence 0 which was obtained via a program 
heldd to be reliable. Hence, according to Levi, we can do either of three things:41 

(1)) we may call into question the reliability of the program which resulted in the 
sentencee 0 which was inconsistent with our old corpus K. In this case, we go back 
too the old corpus K, from which we delete with contraction the claim that the 
programm in question is reliable; (2) we may doubt the background information 
presentt in the old corpus which is inconsistent with the sentence 0 obtained by 
meanss of the program. In this case, we remove background sentence -<0 with 
contractionn from K and expand the result with (f>;  (3) we may refuse to believe 
bothh the program and the relevant background information.42 In the last case, we 
takee the intersection of the corpora obtained by way of the first two strategies.43 

39Elsewheree Levi writes: "To allow X to consider a contradictory corpus to be feasible does 
nott imply that if he should detect inconsistency in his corpus he should rest content. When 
X'sX's corpus is inconsistent, it breaks down as a standard of serious possibility. It furnishes a 
truthh definition which is unsuitable for characterizing the aim of avoiding error. It is useless as 
aa resource for inquiry and deliberation." [Levi, 1980. p. 27 28.] Hence, "it is always urgent to 
contractt from an inconsistent state of full belief." [Levi, 1991, p. 68.] 

40Situationss in which one arrives at the inconsistent corpus via a routine expansion "furnish 
onee of the occasions that justify contraction through coming to doubt the information obtained 
viaa routine expansion or some other item in the initial corpus or, as I think is normally sensible, 
both.""  [Levi, 1991, p. 76.] 

411 Since Levi bases his system on an underlying classical logic which he considers immune 
too revision, he cannot account for a fourth possibility: an adjustment of the underlying logic. 
Vonn Neumann and others argued that the reconciliation of the particle theory and the wave 
theoryy of light via Bohr's principle of complementarity did not imply a weakening of one of the 
fundamentall  principles of the rival theories, but actually a weakening of the underlying logic. 
Seee [Beth, 1964, p. 8 10]. 

42Althoughh an inconsistent corpus contains all the sentences of L, it apparently does not 
eatt away at our memory and our powers of judgment. After all, one seems not to forget from 
whichh corpus the inconsistency is reached, while the corresponding informational values which 
wil ll  turn out to be necessary to implement the said contraction are left undisturbed. How 
inconsistentt is an inconsistent corpus? 

43AA more comprehensive account of coerced contractions can be found in [Levi, 1991, § 4.8]. 
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Inn the second place, an uncoerced contraction comes into consideration when 
wee decide to give 'a hearing*  to a hypothesis r2, which is contradicted by an 
elementt T\ from the current corpus K. Because it initiall y holds that 2~2 is not 
aa serious possibility with respect to K, elements from K have to be deleted, 
soo as "to shift to a position where judgment is suspended between these rival 
hypothesess so that investigations can be undertaken to decide whether 7\ should 
bee reinstated via inferential expansion or T2 should take TVs place." [Levi. 1980. 
p.. 60.] Not every hypothesis qualifies for such a procedure. 'There must be some 
inducementt to incur the loss of information1' [Levi. 1991, p. 118]: 

Too be justified in ceasing to believe what is initiall y settled, the in-
quirerr must regard the benefits of giving the new proposal a non-
question-beggingg hearing to be great enough to outweigh the costs. 
[Levi.. 1991. p. 4] 

Forr example, a hypothesis T2. which, though it be incompatible with our current 
views,, gives an explanation of anomalies phenomena that cannot (yet) be ex-
plainedd by our current theories, whereas they should44 is worth considering.45 

Thee actual corpus K. which contains -1T2, prohibits an unprejudiced evaluation 
off  T2. If we still wish to make a fair evaluation possible between T2 and ~>T2, 
itt is necessary to adapt our actual corpus in such a way that both T2 and ->T2 

aree serious possibilities with respect to the adapted corpus. According to Levi, 
KK — —T2 is the best corpus for the intended evaluation, because it differs only 
minimallyy from our current corpus. Now, on the basis of this adapted corpus 
KK — - ir 2. using the criteria for expansion discussed above, we can check without 
prejudicee whether T2 or its negation should be added to the adapted corpus.46 

Afterr this brief outline of the circumstances that justify the deletion of certain 
sentencess from our current corpus, we shall conclude our discussion of contraction 
withh the contraction method propagated by Levi, in which the central question 
is:: supposing that we wish to remove a sentence <$>  from a given corpus K, how 
shouldd we implement this contraction? Levi answers: 

Wee need to identify the available options or strategies for contraction 
byy removing (ft and then examine the goals and values that ought to 
bee promoted in order to decide among them. [Levi, 1991, p. 121] 

Wee wil l not be able to avoid a modest logical apparatus in order to grasp the 
technicall  details of Levi's ideas on contraction.47 Given the aim of a contraction 

44Seee [Levi, 1991, p. 152-153]. 
45Levii  writes: ib[A] good reason for implementing an uncoerced contraction would be that it 

allowss a promising theory incompatible with current doctrine to be examined without preju-
dice.""  [Levi, 1991, p. 153.] 

46Forr more information, see [Levi, 1991, § 4.9]. 
47[Hanssonn and Olsson. 1995] is an excellent study of Levi's contraction operators. 
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off  a corpus K with a sentence 0, we can immediately impose three constraints 
onn K — 0, the result of this contraction: (1) K — 4> is a corpus, a deductively 
closedd set of sentences; (2) K — (f> is a subset of K. since a sentence is removed 
fromm K] and (3), the sentence 0 which needs to be removed is not an element of 
KK — <f>.  We shall use C{ AT, </>) to denote the set of corpora that meet these three 
requirements: : 

C(K,C(K, <t>)  = {K' CK :K' = Cn{K') and (j>  £ K'}. 

Sincee each element of C{K, 4>) is the intersection of one or more elements of the 
sett S(K, 4>) of 'saturatable' contractions which skip a sentence <p from a corpus 
KK4848 we can stick without loss of generality to the set S(K, 4>): 

{K'{K'  C K : K' = Cn{K') and Cn{K' U ) is maximally consistent in L}. 

Thee set of saturatable contractions S(K, <j))  is used by Levi as a starting-point for 
hiss definition of the contraction of a corpus K with a sentence 4>: after all, each 
possiblee contraction of K with <fi  is the intersection of the elements of a subset of 
S{K,S{K, 0). Hence, the problem of finding the right contraction can be reduced to 
thee question which elements of S(K, <fi)  we should choose for this subset. Since 
eachh subset of S(K,(f>) meets the logical contraints imposed on a contraction, 
logicall  considerations alone will fall short if, like Levi, we require that "when all 
relevantt factors in a given context are taken into account, one change at most 
shouldd be legitimate or justified. Hence, given the initial corpus K and all other 
relevantrelevant factors (whatever these may be), and given that adding or deleting 4> 
iss legitimate or justified, the new belief state to which one shifts legitimately or 
withh justification is uniquely determined."49 

Since,, at the present state of logical research, no purely logical definition of 
aa sensible contraction operator can be given within classical logic,50 Levi resorts 
too an information-determining measure M which assigns an M-value M{K') to 
alll  possible contractions K' in C(K, 0) and so solves the problem of making a 
well-foundedd choice from the elements of S(K, 4>) in order to define the required 
uniquee subset of S(K,<f>). In this way, the uniqueness of the contraction of K 
withh (f) is warranted,51 as Levi defines this contraction as the intersection of all 

48Seee [Levi, 1991, p. 122] and [Levi, 1996, p. 20]. The elements of S(K,<f>) are saturatable, 
becausee for each element K' in S{K, 4>) it holds that Cn(K' U {^<t>})  is maximally consistent in 
L. L. 

499 [Levi, 1991, p. 67 - adapted notation.] 
50Thesee results have been summarized in Observation 2.1 of [Alchourrón and Makinson, 1982] 

andd in Proposition 5.3 of [Hansson and Olsson, 1995]. 
51Levii  starts from "the normative assumption that there should not be more than one ad-

missiblee change of belief state in a given context" [Levi, 1991, p. 180]. 



46 6 ChapterChapter 3. Isaac Levi's Epistemology: A Critique 

thee elements of the said subset of S(K. 0). Levi advises the agent who is planning 
too contract a sentence 0 from her corpus K to use this information-determining 
measuree M as follows: 

[T]hee inquiring agent should evaluate the various contraction strate-
giess available to her with respect to the informational value incurred 
andd should choose a contraction strategy that minimizes the loss of in-
formationall  value if a minimizing strategy exists. [Levi. 1991, p. 122] 

Inn short, choose those saturatable contractions from S(K, (f>) which have the high-
estt informational value. If we now assume that an information-determining mea-
suree M assigns to all deductively closed subsets of K' an informational value 
Cont(K')Cont(K') = \-M{K'), only requiring that Ac B implies Cont{A) < Cont(B),52 

thenn the needed selection function 7. which chooses the elements from S(K, 0) 
withh the highest informational value, can be defined as follows: if S(K. 4>) = 0, 
thenn -y{S{K,<j>))  = {K}-  if S{K,cf>)  ̂ 0, then 

l(S(K,<f>)) l(S(K,<f>)) 

{K'{K'  G S(K,4>) : for all K" e S{K,<p) it holds that Cont{K") < Cont{K')}. 

Thee formal apparatus developed in this subsection allows Levi to determine the 
admissiblee contraction K — <f), given a corpus K, a sentence <j>  which has to be 
deletedd and an informativity measure M over C(K.<f)). by means of the set of 
saturatablee contractions S(K, 0) and the selection function 7:53 

(i)) If 4> £ K, then K - 4> = n-y{S(K, </>)), 
(ii )) If <p £ K, then K-<j>  = K. 

Levi'ss contraction operator does not have all the properties of Alchourrón, 
Gardenforss and Makinson's contraction operator. The latter operator is charac-
terizedd by the following six postulates:54 

5 20nn the basis of the informational values of K and of the elements of S(K.4>), Levi also 
definess the concept 'damped informational value' to rule out the possibility that for two elements 
K'K' and K" of S{K, 0) with Cont{K') = Cont(K"), it can hold that Cont{K'nK") < Cont(K'}. 
Wee leave this extra complication aside, because it does not affect the logical characteristics of 
Levi'ss contraction operator. See [Levi, 1991, § 4.4]. [Levi, 1998] also presents a variant of this 
adaptedd informativity concept, which leads to a somewhat more strict contraction operator 
'mildd contraction', characterized in [Rott and Pagnucco. 1999]. A discussion of Levi's recent 
refinementss of his ideas on contraction would lead to far afield in a study of an introductory 
nature. . 

53[Levi,, 1991, p. 130.] Hansson and Olsson showed that clause (ii) , which is lacking in Levi's 
originall  definition, is indispensable [Hansson and Olsson, 1995, p. 108]. In [Levi, 1996, p. 23], 
thiss minor flaw is corrected. 

54Seee [Alchourrón, Gardenfors, and Makinson, 1985, p. 513]. 
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(K(K — 1) K — 0 is deductively closed, Closure 
(K(K - 2) K -&CK, Inclusion 
(K(K - 3) If 0 0 #, then K-<j)  = K, Vacuity 
(K-4)(K-4) If 0gCn(0), then <££#-<£, Success 
(ÜTT - 5) K C (# - 0) + 0, Recovery 
{K{K  ~ 6) If Cn(0) = Cn(^), then K -cf> = K -ip. Extensionality 

Levi'ss contraction operator meets all these postulates except (K — 5), which is 
knownn in the literature as Recovery.55 This postulate has come under critical 
fire,, not in the least from Levi himself: 

Consider,, for example, a situation where it is believed that Jones was 
HIVV positive, received a drug treatment and subsequently showed HIV 
negative.. Contract the corpus by giving up "Jones received the drug 
treatment.""  The conviction that Jones initially showed HIV positive 
wouldd be retained. But the judgment that Jones showed HIV negative 
laterr on would be abandoned. Moreover, restoring the judgment that 
Joness received the drug treatment would not resurrect the conviction 
thatt Jones subsequently showed HIV negative unless the inquirer had 
thee well entrenched conviction initially that the drug treatment always 
eliminatess the HIV virus. If this belief were not well entrenched or 
iff  all that is believed is that the drug treatment is followed by cure 
inn some percentage of cases less than 100%, the Recovery Condition 
wouldd be violated. [Levi, 1998, p. 9]56 

Levi'ss contraction operator, on the other hand, is characterized by the following 
fivee postulates:57 

(K(K — 1) K — 4> is deductively closed, Closure 
{K{K  - 2) K-(f>CK, Inclusion 
[K[K  - 3a) If 0 $ K or 0 € Cn(0), then K -<f>  = K, Vacuity 
(K-4)(K-4) If 0 ^ Cn(0), then <j>  $ K - <j>,  Success 
(K(K - 5) If Cn(<f>) = Cn(ip), then K -<p = K -if). Extensionality 

3.1.44 Two Applications 

AA short outline of Levi's treatment of modal and conditional statements concludes 
thiss brief exposé of Levi's epistemological and logical positions. As we have seen, 

55Lett L be the language that consists of all truth functional combinations of p and q, and let 
KK = Cn({p,q}). Then Cn({q -+ p}) e S(K,p). Choose 7 such that -y(S{K,p)) = {Cn({q -» 
p})}.p})}.  Then K — p= Cn({q —> p}) and (K — p) + p = Cn({p}). In this case, K is not a subset 
off  (K — p) + p, so Recovery does not hold. See [Hansson and Olsson, 1995, p. 112]. 

56Seee also [Levi, 1991, p. 134-135] and [Hansson, 1999a]. [Levi, 1998, p. 37] presents a second 
counterexamplee to Recovery. 

57Seee [Hansson and Olsson, 1995, p. 109] and [Rott and Pagnucco, 1999, p. 512]. 



48 8 ChapterChapter 3. Isaac Levi's Epistemology: A Critique 

Levii  imposes two requirements on a plausible theory for revising epistemic states: 
(1)) such a theory should articulate inference rules which, unlike classical inference, 
alloww us to draw those conclusions from an epistemic state which we would also 
draww in practical deliberation and scientific inquiry; and (2), it should formally 
justifyy transitions expansions as well as contractions from one epistemic state 
too another epistemic state. Levi's recent For the Sake of the Argument (1996) 
developss one general, quasi-formal framework with which formal theories that 
aimm at meeting these two requirements can be compared on the basis of abstract 
characteristics. . 

Al ll  types of sentences that have been in the spotlight of philosophical logic 
forr decades, can be handled within the system developed by Levi. Tautologies, 
mathematicall  truths, indicative statements, laws, dispositional statements, modal 
statements,, conditionals, count erf actuals, inductive statements, defaults they 
alll  have their place in Levi's framework. In this subsection we wil l briefly discuss 
thee way in which Levi accounts for modal and conditional statements within his 
system.. In Levi's view, these types of statements have no truth values, unlike the 
elementss of a corpus, though they can be accepted or rejected on the basis of a 
corpus. . 

Modall Statements 

Levii  is of the opinion that modal claims express a serious possibility. A sentence is 
onlyy held to be seriously possible with respect to an epistemic state represented 
byy a corpus K. However, it does not follow from this that if 4> is consistent 
withh K, the sentence a<j)  is a serious possibility" is an element of K. Levi shows 
thatt such a 'realistic' interpretation of modal statements is contrary to his ideas 
onn expansion and contraction.58 Modal statements cannot be part of a corpus. 
Ass an alternative Levi proposes to interpret them as claims about a corpus, as 
claimss expressing a certain property of such a corpus. Levi sees it as an important 
advantagee of his interpretation of modal statements that it can do without the 
Kripkee semantics which abounds in philosophical logic:59 

"00 is seriously possible" is acceptable with respect to K 

KK U {(f)}  is consistent. 

58Seee [Levi, 1991, § 3.7] for a concise presentation of these arguments. 
59Levii  opposes modal extensions of the language in which our opinions are articulated. In 

Levi'ss view, modal logic and its applications to epistemological and metaphysical problems are 
aa "retrograde step in philosophy" [Levi, 1980, p. xvi] . Possible worlds semantics is, strictly 
speaking,, superfluous: "[M]any advocates of the usefulness of possible worlds semantics for 
thee purpose of explicating judgments of possibility and conditionals appeal to examples that 
mayy be given a straightforward epistemic or, in the case of conditionals, belief-change treat-
ment.""  [Levi, 1991, p. 114.] Indeed, "[cjonditionals understood in terms of imaging become 
meree artifacts of the metaphysician's fevered imagination." [Levi, 1996, p. 76.] 
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Conditionals s 

Accordingg to Levi, conditionals are a second class of statements which never 
aree an element of a corpus. They do, however, express properties of a corpus, 
propertiess which tell us how a corpus will behave under certain revisions. Levi 
interpretss conditionals on the basis of Ramsey's Test, which takes its name from 
aa cursory remark by Frank Ramsey on the interpretation of conditionals: 

Iff  two people are arguing 'If p will qT and are both in doubt as to 
p,p, they are adding p hypothetically to their stock of knowledge and 
arguingg on that basis about q; so that in a sense 'If p, qJ and 'If p, -^q1 

aree contradictories. [Ramsey, 1929, p. 143n] 

Levii  now proposes to interpret conditionals on the basis of Ramsey's Test us-
ingg the techniques for belief change outlined above, a choice which obliges him, 
underr penalty of triviality, to refuse to admit conditionals as elements of cor-
pora.600 Therefore, like modal statements, conditionals do not have truth, but 
onlyy acceptability conditions. Then Levi proposes a theory figuring three differ-
entt variations of Ramsey's Test.61 According to Levi, this theory provides an 
adequatee solution to the well-known problems concerning conditional sentences: 
"[A]]  11 'if' sentences customarily classified by contemporary philosophers as indica-
tivess and as subjunctives are explicated by various versions of the Ramsey test" 
[Levi,, 1996, p. 13]. 

Inn order to find out whether a conditional "If 0, then V7" is acceptable with 
respectt to a consistent corpus K, we add the antecedent (j>  to our current 'stock 
off  knowledge', that is, to the actual corpus K. If this addition produces an 
inconsistentt set of sentences, we make minimal changes in the inconsistent set so 
ass to make it consistent while retaining the sentence <ƒ>. This procedure, carried 
outt along Levi's criteria for revisions of corpora, produces a new consistent corpus 
K'K' which contains <£>  and differs only minimally from the old corpus K. Then we 
checkk whether the consequent JJJ is an element of this new corpus K'. If that 
indeedd is the case, then the conditional "If <ft, then ipr' is acceptable with respect 
too the original corpus K.62 

Alll  three variations of Ramsey's Test discussed by Levi can be formulated in 
termss of contraction and expansion. Levi argues that a conditional "If (j>,  then 
ip"ip"  should ideally be interpreted on the basis of a corpus that contains neither <j> 
norr -i0. Hence, the corpus K must be processed such that both 4> a nd -xp are 
seriouss possibilities with respect to the adapted corpus. In some cases, this may 

60Seee [Rott, 1989] for an elegant proof of Gardenfors's Triviality Theorem from 1986. 
611 See [Levi. 1996. p. 18-50] and [Gardenfors, 1988, p. 147-148]. 
62Similarr epistemic interpretations of conditionals have been formalized previously in 

[Rescher,, 1964] and [Veltman. 1976]. From the beginning, the idea that counterfactuals 
needd an epistemic interpretation has been criticized. See [Kratzer, 1981], [Lewis 1973]. and 
[Stalnaker,, 1968]. For a more recent discussion, see [Rott, 1999] and [Stalnaker, 1992]. 
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meann that (p has to be eliminated by contraction from K, in others, (think of 
counterfactuals),, -xf) has to be eliminated. This variant - Levi's favourite can 
bee defined as follows [Levi, 1996, p. 31]: 

"Iff  0. then ijf'  is acceptable with respect to K 

tpe({Ktpe({K - -.0) - 0) + 4>. 

3.22 A Critique 

3.2.11 Corpora? 

AA corpus represents an epistemic state. As the epistemic states of an individual 
agentt are highly continuous, even when the agent is placed in a multitude of 
situations,, we cannot assume that epistemic states depend only on context. Let 
uss assume that we wish to articulate our actual epistemic state by a corpus in a 
certainn formal language L. Levi assumes corpora to be consistent and deductively 
closed.. Hence, if we wish to identify the corpus that represents our actual epis-
temicc state, we only need to determine which sentences in L are elements of the 
corpuss and which are not. Is there a criterion for this? Are the contextual cer-
taintiess we apply in the current context C\ - epistemic states are always located 
withinn some context - perhaps precisely the elements sought after? (The contex-
tuall  certainties in C\ are exactly all sentences cf> with Q\{4>) = 1, where Qi is our 
expectation-determiningg probability measure in context Ci.) The certainties we 
usee in context C\ may, however, very well be incompatible with our certainties 
inn a context C2.63 Since the corpus we are looking for must be consistent, we 
cannott immediately admit contextual certainties into the corpus. This is due to 
thee circumstance that although an element of a corpus is in fact necessarily a 
contextuall  certainty, the converse does not apply: imagine a situation where an 
agentt X with corpus K in context C\ accepts that Qi(<j>)  = 1, while the same 
agentt with the same corpus in context C2 accepts that Q2{~l4>) = 1. According to 
Levi,, it cannot be concluded from the fact that Q\{4>) = 1 that <f>  is an element 
off  K.64 Of course this holds for -i0 as well. Consequently, X is free to apply mu-
tuallyy inconsistent certainties within different contexts. Contextual certainties, 
therefore,, give us littl e to go on in determining our current corpus K. 

Butt how do we determine whether a certain sentence is an element of the 
corpuss K which represents our current epistemic state? If we can imagine a 
contextt C in which, given the current corpus K, a sentence <p is relevant, while 
Q{4>)Q{4>)  7̂  1, then 0 is not part of our corpus, because in this case -i0 is a serious 
possibilityy with respect to K, Might that be a feasible criterion? 

63Cf.. [Batens, 1992, p. 202]. 
64Levii  writes: ''According to JVs credal state, all items in his corpus receive probability 1 

(althoughh the converse need not hold)." [Levi, 1976, p. 10.] 
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Wee have already seen that the certainties in our current context C\ do not 
givee a definitive answer, but at best a clue as to whether those certainties are 
ann element of our corpus. The abovementioned criterion instructs us to verify 
whetherr Qi(4>) — 1 holds in all imaginable contexts Ci when our corpus is the 
corpuss K. A tricky question presents itself, even supposing that it is feasible to 
scourr all imaginable contexts: how do we know if our epistemic state, represented 
byy corpus K, stays the same with a context shift? It is impossible to aim, on the 
onee hand, at finding the elements of K, and to make sure, on the other, that the 
corpuss applied in context Ci is identical to K, because after all we have to know 
whatt i^'s elements are before we can make that comparison. How do we know 
forr sure whether in such a context shift we have not inadvertently expanded or 
contractedd K"7. 

Althoughh it is a direct consequence of Levi's epistemology, the criterion formu-
latedd in this paragraph for the determination of the elements of a corpus K will 
havee to do without any application. For want of a better criterion with which to 
decidee whether a certain sentence is an element of a corpus we can only come to 
thee provisional conclusion that Levi's notion of a corpus violates Quine's maxim: 
"Noo entity without identity" [Quine, 1969, p. 23]. 

3.2.22 Contextual Parameters? 

Thee preceding discussion of Levi's theories of expansion and contraction show that 
Levi'ss epistemology can only be applied if we have at our disposal (estimations of) 
numericall  values for the 'system of contextual parameters' he uses, consisting of, 
amongg others, the 'ultimate partition' U, the information-determining measure 
M,M, the expectation-determining measure Q and the degree of boldness q.65 This 
systemm of contextual parameters is part of X's epistemic state at time t. In 
hiss inquiry into the mechanisms of belief change, Levi just presupposes that we 
havee found sufficiently specific values for these parameters and argues for his 
criteriaa concerning legitimate expansions and contractions on the basis of this 
presupposition.. Levi defends his crucial presupposition with an ad consequentiam 
argumentation: : 

Off  course, investigation may reveal that no system of contextual pa-
rameterss can be identified such that, given specific values for these 
parameters,, the legitimacy of X's modification of bodies of knowl-
edgee would be subjective or context dependent in a sense which put 
themm beyond critical control. However, we would be obstructing the 
coursee of inquiry to assume that this is so at the outset. [Levi, 1976, 
P-2] ] 

655 After a brief discussion of deliberate expansion, Levi writes: "This sketch presupposes that 
theree is no indeterminacy in evaluations of informational value and that a definite value for the 
indexx q has been fixed." [Levi, 1991, p. 93.] 
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Followingg this argument, the first question we could ask ourselves is which course 
off  inquiry is obstructed if we do not assume that sufficiently specific values can 
bee found for Levi's system of contextual parameters? It would seem a bit far-
fetchedd that Levi is alluding here to research in the field of theoretical physics 
orr in the area of comparative literature. These (and other) disciplines do not 
needd Levi's methodological considerations to get along anyway. More likely, Levi 
iss referring to epistemological investigations which aim at grasping 'the logic of 
inquiry',, investigations that also include Levi's own epistemology. 

Second,, we can check, on the basis of clues from Levi's own works, if and 
too what extent the presupposition that Levi's contextual parameters have been 
specifiedd accurately enough is plausible. We wil l limi t ourselves to the assessments 
off  the probability measure M and the degree of boldness q. 

Informationall Value 

Assessingg an information-determining Af-function is a context dependent matter. 
Amongg others, it depends on the cognitive aims pursued by an agent X in a 
givenn context. As a consequence, there are hardly any gains to be expected 
fromm the search for a universal, context independent M-function.66 Since Levi's 
criteriaa for both expansion and contraction can only be applied once we have, 
amongg others, assessed the M-function, this function should be assessed before 
thee intended evaluation of the proposed expansion or contraction can take place. 
Suchh assessments 

aree part of the abductive task. To some extent, these assessments 
mayy be regulated by criteria which are applicable to a large class of 
problems.. It may, perhaps, be possible to identify certain desiderata 
whichh determine explanatory power and simplicity relevant to the as-
sessmentt of informational value in inquiries where the aim is to obtain 
explanationss of some kind. It is doubtful, however, that such desider-
ataa can be converted into criteria for the evaluation of informational 
valuee which render it irrelevant to consider the peculiarities of the par-
ticularr demands for information motivating specific inquiries. Indeed, 
suchh restrictions on the assessment of informational value are likely 
too be very weak. Such assessment is, in my opinion, heavily context 
dependent.. [Levi, 1980, p. 47] 

Inn the end, in the adoption of a certain (class of) M-function(s), an 'abductive 
logic'' is the deciding factor: 

66Levii  writes: "The considerations that enter into an evaluation of informational value are 
diverse,, often competing, and heavily context dependent. Different kinds of inquiries impose 
differentt demands for new information, so that it is not to be expected that evaluations of 
informationall  value will meet the same requirements in all contexts. And inquiries addressing 
thee same issues may be committed to different research programs generating different demands 
forr information." [Levi, 1991, p. 83.] 
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Argumentss concerning the adoption of one M-function rather than 
anotherr are to be evaluated (insofar as there is a right and a wrong 
too the matter) according to principles of abductive logic [Levi, 1976, 
p.. 40 41]. 

Wee can, however, hardly see this reference to an 'abductive logic' as anything else 
butt a shortcut, as long as Levi keeps us guessing about the peculiarities of such 
ann abductive logic. Hence, the appeal to an 'abductive logic' does not contribute 
anythingg to the assessment of an M-function. Luckily, Levi gives us some rather 
moree tangible clues for the determination of an M-function, even though the as-
sumptionn of an M-function is considered by him to be "excessively unrealistic":67 

differentt kinds of values, for example precision, simplicity and explanatory power, 
''constitutee different dimensions that contribute to the assessment of what I call 
informationalinformational value.'''68 Moreover, Levi writes: 

[T]hee demands for informational value that animate the inquirer's 
deliberationss [...] may reflect commitments to research programs and 
idealss of explanatory adequacy, simplicity, systematicity, precision, 
andd the like, including commitments to certain types of theoretical 
frameworkss [Levi, 1991, p. 150-151]. 

Thiss does not help us make any headway either: the original problem of finding a 
numericall  specification for one parameter is now 'reduced' to a messy multitude 
off  problems. Is Levi's list complete? And how do we assess the different values 
onn the list? How can the relative importance of these values be assessed? Many 
questions,, but no answers. 

Aree we perhaps just splitting hairs by demanding excessive preciseness in the 
estimationn of Levi's M-values? Isn't it enough if, off the top of our head, we 
makee an ordering of the informational values of those sentences or corpora that 
requiree an M-value in a given context, so that the correct expansion or contraction 
cann then be assessed?69 Still, in order to apply Levi's contraction operator, a 

67[Levi,, 1976, p. 37.]. Nevertheless, Levi thinks that "some light can be shed on the more real-
isticc situations of daily life and scientific inquiry by considering these idealisations." [Levi, 1976, 
p.. 37.] 

68[Levi,, 1991, p. 145] See also [Levi, 1998, p. 16]. 
69Levii  writes: "[A]ny two evaluations that yield the same weak ordering of the potential 

contractionn strategies will yield the same recommendations. One might argue that quantitative 
differencess in the assessment of informational value [...] are irrelevant to the assessment of 
contractionn strategies." [Levi, 1998, p. 50.] Therefore, "in contraction quantitative dimensions 
off  informational value do not seem relevant" [Levi, 1998, p. 51], since "only ordinal considera-
tionss are needed in contraction" [Levi, 1998, p. 52]. In expansion, however, such quantitative 
considerationss do play a prominent role, because after all, an evaluation of a potential expan-
sionn strategy amounts to the trading off of the informational value and credal probability of 
thee available options weighed by a degree of boldness: "The task of aggregating informational 
valuee and risk of error in a single assessment [...] calls for the quantitative characterization of 
informationall  value." [Levi, 1998, p. 21.] 
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certainn precision is needed: if we want to apply Levi's selection function 7 without 
difficulties,, we should be able to establish whether there is a negligible or in fact 
aa considerable difference between the informativities Cont(K') and Cont(K") of 
twoo saturatable contractions K' and K" in S(K,(J)). Numerical identity is, after 
all,, too much to ask, since Levi's clues for finding the right numerical values for 
hiss MTunction cannot warrant the preciseness required in the case of numerical 
identity.. It would be in Levi's line of argument to sidestep the problem discussed 
heree by conjuring up yet another parameter, e, which represents the doubtlessly 
contextt dependent degree of precision of an agent X, so that by referring to e, 
i tt is possible to assess whether the informativities Cont(K') and Cont(K") are 
negligiblyy different from each other or not: 

Cont(K')Cont(K') ~ Cont{K") ^  ̂ \Cont{K') - Cont{K")\ < e. 

I tt is up to the reader to determine whether this strategy gives a satisfactory 
solutionn for our problem. 

Thee assessment of an information-determining M-function takes more doing 
thann Levi wishes us to believe by simply assuming that it has already been as-
sessed.. In spite of all Levi's clues it is altogether implausible that the M-function 
couldd ever be determined with sufficient preciseness in a given context. Since Levi, 
givenn a corpus K and a sentence 0, eventually reduces the problem of finding the 
admissiblee contraction K — <$>  to the problem of determining an M-function over 
thee saturatable contractions in S(K,(f)): we can at least come to the conclusion 
thatt something is lacking in Levi's epistemology, considering the difficulties in 
assessingg the M-function. Unfortunately it is not entirely clear to me how this 
lacunaa in Levi's epistemology could be filled appropriately. 

AA second problem with the assessment of informational values arises when we 
wishh to test the acceptability of counterfactuals via Levi's criteria for conditionals. 
Att first glance, Levi's approach seems to be preferable to David Lewis's and 
Robertt Stalnaker's treatment of counterfactuals with possible worlds semantics, 
inn which a relation of similarity between worlds plays a crucial role. After all, it 
iss possible, within Levi's system, to sidestep counterexamples to David Lewis's 
andd Robert Stalnaker's analysis. In 1976, Pavel Tichy described a situation in 
whichh Lewis's and Stalnaker's analysis of counterfactuals produces a result that 
iss completely at odds with our pretheoretical intuitions: 

[Cjonsiderr a man - call him Jones who is possessed of the follow-
ingg dispositions as regards wearing his hat. Bad weather invariably 
inducess him to wear his hat. Fine weather, on the other hand, af-
fectss him neither way: on fine days he puts his hat on or leaves it on 
thee peg, completely at random. Suppose, moreover, that actually the 
weatherr is bad, so Jones is wearing his hat. [Tichy, 1976, p. 271] 
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Thee statement "If the weather were fine, Jones would be wearing his hat", which, 
onn the strength of our pretheoretical intuitions, is unacceptable, would be accept-
ablee according to Lewis's and Stalnaker's analysis. 

Iff  we write K for the, obviously consistent, corpus that contains at least the 
abovementionedd information, 0 for "The weather is fine" and 0 for "Jones is 
wearingg his hat", then it is clear that both ->0 € K and ip G K. To check with 
Levi'ss method whether the conditional in question is acceptable with respect to 
K,K, we first have to contract the corpus K by ->0. (A contraction of the resulting 
corpuss with 0 will not be necessary, as 0 g K.) At this point it is important 
too arrive at a corpus that leaves open whether ip is the case or not, because if 
\f)\f) were to remain in K - ->0, the statement "If 0, then \pr' would be acceptable 
withh respect to K. 

Att first sight, it seems that the corpus K — ->0 must contain ip. As yj is 
obviouslyy relevant to the problem at hand, it seems likely that each corpus K* such 
thatt K* C K and ip (£ K* must have a lower informational value than K — -><p. 
Itt seems an unavoidable conclusion that ip G K — -i0, because Levi demands of 
ann admissible contraction K — -i0 minimal loss of informational value. There is, 
however,, an emergency exit: according to Levi's Weak Monotonicity postulate, it 
holdss that K — ->0 has at least as much informational value as all its subsets, but, 
onn the other hand, real subsets K* of K — -n0 can have the same informational 
valuee as K — ->0 itself. Hence, I propose to leave these sceptical considerations 
asidee and to try to find, in line with Levi's proposals, an admissible corpus K—*f> 
suchh that both tjj  and -nj; are serious possibilities with respect to that corpus. 

Thiss we can do by finding out which element of C(K, -i0) is most suited to 
servee as a starting-point for a further expansion with 4>. This element must be 
aa deductively closed subset of K which contains neither -i0 nor tfi nor -up nor 
(j>(j>  -* ip nor (f)  -1-0. Let K* be this subset. Then there is a subset S* of 
S(K,S(K, -i0), such that K* — C\S*. If we now choose the informational values of 
thee elements of S(K, ->0) in such a way that exactly all elements in S* have 
thee highest informational value, then it holds that ~f(S(K, -><p) — S* and, hence, 
thatt K — -i0 — K*. It is now plain that, in accordance with our pretheoretical 
intuitions,, the following sentences are both unacceptable with respect to K: 

(1)) "If the weather were fine, Jones would be wearing his hat." 
(2)) "If the weather were fine, Jones wouldn't be wearing his hat." 

However,, something still does not feel right. It turns out that Tichy's example 
is,, indeed, not a counterexample to Levi's account of conditionals as long as we 
aree absolutely free to choose the informational values of the elements of S(K, ->0) 
inn such a way that we reach the result that was prescribed by our pretheoretical 
intuitions.. Therefore, the desired result holds sway over the assessment of the 
informationall  values of the elements of S(K, -i0). It is even possible to generalize 
thiss observation to a theorem: Let ->0 G K, such that ->0 £" Cn($) and K is 
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consistent.. Then, for each ip in L such that -.0 £ Cn  ̂ V w) there is a choice 
off  informational values over S(K, -«0) such that -'If 0, then ?/>" is acceptable with 
respectt to K.70 In short, we can always construct the required contractions in 
suchh a way that each and every counterfactual turns out to be acceptable. What 
wouldd be the explanatory power of a theory of conditionals which can validate 
everyy counterfactual? 100%? (If Oswald had not killed Kennedy, Jack Ruby 
wouldd have been the first man on the moon.) 

Degreee of Boldness 

Inn Rule A, which gives the conditions under which a deliberate expansion is 
legitimate,, the degree of boldness q weighs the informational value M(<&) of 
rejectingg an option <& against &' s credal probability Q ( 4 ). Hence, the higher 
q,q, the more options in U escape rejection, the bolder X is in accepting new 
information.. With the introduction of the degree of boldness, which Levi also 
callss the Index of caution', it was stipulated that 0 < q < 1. Obviously, we 
cannott apply Rule A unless we have determined the parameter q, even if we have 
alreadyy found the appropriate numerical values for the probability measures M 
andd Q. Levi pays a relatively large amount of attention to a method with which 
qq can be determined with greater accuracy. This method for finding the 'true 
value'' [Levi, 1976, p. 46] of q (or an appropriate interval for values of q) is based 
onn Rule A and on a process which Levi calls 'bookkeeping'. He describes this 
bookkeepingg process as follows: 

Supposee that X has a corpus Kx and a question under consideration. 
Rulee A (or one of its variations) recommends a given conclusion at an 
appropriatelyy high level of caution and X's problem situation does not 
containn any other questions for which rule A recommends conflicting 
conclusions.. X is in a position to accept as evidence the conclusion 
whichh Kx and rule A warrant his merely accepting. In that case, X 
shiftss to the corpus K2 which is the result of such expansion. He can 
thenn proceed to consider whether relative to K2 rule A licenses adding 
stilll  more information pertinent to the question X is considering. X 
cann ask the same question over and over again until he has exhausted 
thee resources of using rule A in this reiterated way. [Levi, 1976, p. 42-
43] ] 

70Supposee that ^<p e K and that K is consistent. Since K is deductively closed, it holds 
thatt -<ƒ> V i\) e K for all ifr in L. Suppose that -<ƒ> g Cn{^> V */>)  Then there is a deductively 
closedd subset K* of K such that - ^ £ K* and -^<f>  V ip € K*. There is a subset S* of S{K, -u£), 
suchh that K* = nS*. Choose the informational values of the elements of 5(K",-.0) in such a 
wayway that exacly all elements in S* have the highest informational value. Then, by definition, 
K--«j>K--«j>  = K*. As K is consistent, it holds that <j>£K.  By Inclusion, it holds that <f>  $ K-->4>. 
Byy Vacuity, it holds that {K - -0) - <i>  = K - ^4> = K*. Hence, ->«/> V V € (AT - -0) - <}>.  Hence, 
^^ e ((X _ -,0) _ 0) + <ƒ). Therefore, "If 0, then ^ : ' is acceptable with respect to K. 
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Levii  throws light on his positive evaluation of 'the usefulness of the bookkeeping 
devicee in imposing constraints on degrees of caution" [Levi, 1976, p. 43] by means 
off  the following considerations. Let U be a finite ultimate partition, and let 
qq = l.71 If we write Z(<p) for the quotient Q(0)/A/(0), it can be proven that 
withinn a finite number of reiterations of the bookkeeping process all elements 
fromm U that do not have maximum Z-value are rejected. As a rule, a lesser 
degreee of boldness brings it about that a number of elements from U that do not 
havee maximum Z-value escape rejection [Levi. 1976, p. 44]. One example then 
showss that in some cases it must be that q < 1: given that q = 1, if we apply 
Rulee A and the bookkeeping process to determine which options from U have to 
bee rejected, where all options from U are understood to be equally informative, 
thenn precisely all the options with the greatest plausibility escape rejection. In 
thiss case, a situation can be imagined which clearly contradicts our pretheoretical 
intuitions: : 

Iff  I toss a coin known to be unbiased ten times, I am not prepared 
too predict that it will land heads exactly 5 times. If I toss it 100 
times,, I am not prepared to predict that it will land heads exactly 
500 times. My reluctance is not based on any doubts as to the truth 
off  the claim that the chance of heads is 0.5. I would not make the 
predictionss even if I was certain that 0.5 is, indeed the chance of heads. 
Thee point is that I would refuse to rule out hypotheses asserting that 
thee relative frequency of heads will differ from heads by some small 
amount.. [Levi, 1976, p. 44] 

Onn the other hand, in other cases the desired result can only be reached if q = 1. 
Heree are two of Levi's examples: 

Inn estimating the value p of the chance of obtaining heads on a toss 
off  a coin, imagine that X observes a large number of tosses and they 
alll  land heads. [...] It will become clear that under suitably specified 
conditions,, X will be able to conclude that p falls in an interval from 
11 - e to 1 when the value of q is less than 1 but will not be able to 
concludee that p equals 1. Yet, on some occasions, it may be appro-
priatee to conclude that the coin will always land heads on tosses and 
p=l. p=l. 

[-] ] 
711 In the formulation of the conditions for the theorem discussed here, the degree of boldness q 

iss fixed for the entire bookkeeping process. This, however, is not mandatory. According to Levi, 
thee degree of boldness may also be changed during the process: "[Occasions can arise where 
ann investigator has reached a stage of inquiry where his demands for information may very well 
inducee him to modify his ultimate partition and change his degree of caution." [Levi, 1976, 
p.. 48.] During the bookkeeping process the probability measures M and Q are adjusted via 
conditionalization.. See [Levi, 1980, p. 54n]. 
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Supposee that a population of organisms which are all hybrid with 
respectt to some pair of alleles are randomly mated and data as to 
thee percentage of offspring which are purebred dominant, purebred 
recessivee and hybrid collected. On the basis of the data, one might 
concludee that the chance of obtaining a purebred dominant offspring 
fromm hybrid parents is approximately \, of obtaining purebred reces-
sivee offspring is also approximately \ and of obtaining hybrid offspring 
iss approximately \. However, there is considerable pressure to con-
cludee that the values for these chances are exactly \, \. \ respectively. 
[Levi,, 1976, p. 45-46] 

Finally,, after discussing the views of critics and rivals on the assessment of a 
numericall  value for q. Levi comes to a modest conclusion: 

II  suggest that the g-value ought to be substantially less than 1 unless 
theree is some excusing circumstance along the lines described above. 
II  have no firm conviction as to what an appropriate numerical value 
forr q ought to be which will satisfy "all but the virtually sceptical" 
butt I suspect that many sceptics will remain dissatisfied unless it is 
substantiallyy less than 0.5. [Levi, 1976, p. 51-52]72 

Althoughh Levi does not state it in so many words, he cannot do without reference 
too a "presystematic judgment"73 on which expansions are justified in which cases, 
iff  his suggestion to make a more accurate approximation of the value of q by way 
off  the bookkeeping process is to wash. After all, as long as we do not assume 
aa presystematic judgment on which expansions are legitimate at what time, we 
have,, applying Levi's bookkeeping technique for an approximation of q: no reason 
whatsoeverr to prefer one specific value (or interval of values) for q over another. 
Inn short, the desired result plays a decisive role in the choice of a specific value 
forr the degree of boldness q. 

3.33 Conclusion 

Wee noted that even the assessment of the elements of a corpus K results in 
problemss which are as yet unsolved. Moreover, even if we know which elements 
aree part of a corpus K, the values of Levi's M-function, Q-function and parameter 
qq can always be chosen in such a way that each expansion or contraction can 
bee legitimized within Levi's epistemological framework with hindsight, if that 
expansionn or contraction meets at least a number of minimal constraints. No 

72Fourr years later. Levi writes: "[Normally q should be less than 1 (and indeed, less than 
.5)""  [Levi, 1980, p. 55]. 

73Seee also Levi's refutation of a proposal by Keith Lehrer [Levi, 1976, p. 44]. 
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credencee can be attached to the normative status of his theory, to which Levi 
stickss through thick and thin,74 as long as Levi fails to formulate convincing 
criteriaa - criteria that are independent of the desired result - with which (1) 
thee identity of a corpus K can be found out, and (2) the system of contextual 
parameterss (the parameter q and the probability measures M and Q) can be 
assessedd adequately.75 It is a misleading strategy to nonchalantly assume that 
"appropriatee inputs are present (such as the demand for information, ultimate 
partition,, degree of caution, credal state, and so on)" [Levi, 1991, p. 107] and then 
too formulate criteria for legitimate expansions and contractions on the basis of 
thesee values, since not much is gained with a 'solution' in which a given problem is 
reducedd to the values of a number of parameters of which it is absolutely unclear 
howw they should be assessed. Would we really be explaining much less if we 
limitedd ourselves to one parameter, /, which stipulates the legitimacy of belief 
changes:: a 'measure of legitimacy'?76 

Mayy Levi's dynamic epistemology have a second life, this time in the form 
off  a descriptive theory? Descriptivity implies the obligation of testability, which 
Levi'ss theory, at least until now, fails to meet: as long as the numerical values 
off  the parameters of our epistemic state before and after a controlled change 
cannott be measured with sufficient accuracy, a test (as opposed to the usual 
referencee in belief change literature to the 'intuitiveness' of basic assumptions and 
postulates77)) of Levi's theory, supposing it is testable, remains a futuristic idea. 
Thoughh Levi antagonizes Lewis and Stalnaker by proclaiming that their treatment 
off  conditionals and conditional logic, based on possible worlds semantics, are 

744 "I am concerned with conditions under which changes in doxastic commitments are legiti-
mate.. The concern is prescriptive, not explanatory" [Levi, 1991, p. 107] and "[m]y preoccupa-
tionn is in the final analysis with identifying standards of rational health in reasoning. Logicians, 
mathematicians,, and computer scientists make an important contribution to identifying what 
thosee standards might be and to the design of technologies that can contribute to enhancing 
ourr limited abilities to realize these standards. I am interested in defending a view not of what 
thesee standards might be but what they should be." [Levi, 1996, p. xiii. ] 

75Levii  tries to justify his refusal to have anything to do with inquiries into criteria for finding 
adequatee values for his parameters with an argument by analogy: "Thermodynamics and some 
branchess of economic theory illustrate comparative statical theories which investigate changes in 
equilibriumm states of systems suitably specified without scrutinizing the details of the paths such 
systemss follow in moving from one equilibrium state to another. The normative analogue of such 
theoriess of the sort I am aiming to construct here prescribes shifts from one state of cognitive 
equilibriumm to another without prescribing details of the psychological or social changes which 
aree made in implementing the revision." [Levi, 1980, p. 11.] This does not wash, because the 
assessingg of the values of the required parameters in 'thermodynamics and some branches of 
economicc theory' is done relatively unproblematically, while it is a major obstacle for Levi's 
logico-epistemologicall  system. Accordingly, thermodynamic theories are usually testable, while 
theoriess in the field of belief change are not. 

76Notee that this mock proposal does not differ in principle, but only in degree from Levi's 
approach. . 

77Levii  writes: "[T]he appeal to postulates that seem intuitively compelling at first blush is a 
riskyy business." [Levi, 1998, p. 9.] 
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"formalismss in search for an as yet undiscovered application" [Levi, 1996, p. 82], 
theyy should actually be seeing eye to eye with one another 

Whilee Levi's proposals for expansion, once it has been decided to expand a 
corpuss K with a sentence 0, are unproblematic from a logical point of view, the 
forementionedd difficulties of determining an appropriate information-determining 
M-functionn prevent us from applying Levi's contraction operator, even if the de-
cisionn has already been taken to contract a corpus K with a sentence (p. Levi's 
proposall  to concretize the ubiquitous reference to a selection function 7 in be-
lieff  change literature with an information-determining probability measure M 
doess not yield much, since Levi's contraction operator cannot be applied without 
thee required informational values. This problem cannot be avoided by simply 
assigningg the same informational value to all the elements from a not-empty 
S(K,<f>),S(K,<f>), in which case 7 ( 5 ( ^ , 0 )) = S{K,<f>), because then, as Hansson and 
Olssonn demonstrated, it holds that K - <p = Cn{$). The standard approach of 
[Alchourrón,, Gardenfors, and Makinson, 1985], in which the selection function 7 
iss not explained in any further detail, suffers from the same deficiency. 

Therefore,, it is important to strive for an approach of belief change in which 
thee usual reference to an extra-logical element, such as a selection function or an 
orderingg of sentences in a corpus on the basis of their corrigibility, is avoided, so 
thatt a contraction, as well as an expansion, can be implemented directly, that 
is,, without appealing to an extra-logical element. This is even more important 
inn cases where we have no indication of the relative corrigibility of the elements 
off  the corpus to be contracted. Only when we have construced such theories, 
cann we verify on the basis of empirical tests whether the proposed contraction 
operatorr holds good. Within a classical logical framework this wish (until now) 
cann only be fulfilled under penalty of totally unacceptable results. An underlying 
logicc which is weaker than classical logic might open up new perspectives. 


