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H. Truthlikeness 

... we can have good arguments for preferring - if only for the time being - T2 to T1 with respect to verisimilitude. 
K. Popper

It is this notion of likeness of structure that we are trying to explicate. A theory is closer to the truth the greater the similarity of the structure it describes to the true structure of the world.

G. Oddie

There is ... a serious problem here, the problem of whether our intuitive judgements of truthlikeness or verisimilitude are in fact judgements of anything objective at all. ... there is the problem of whether the methods of science are well adapted, or adapted at all, to the search for increased verisimilitude. ... I do not pretend that there is any entirely logical solution to this problem. In fact, I think that we have gone as far as pure logic will take us.

D. Miller

On the available evidence it seems unlikely that one simple model of verisimilitude will suffice for all contexts ...

C. Brink

A satisfactory account of these notions [theoretical knowledge and reference] must do justice to such "obvious facts" as that the world's structure is discovered rather than stipulated. We are sceptical of our ability to do this on any view of reference and truth that does not take the language of physical theory as the "ultimate parameter" within which reference is fixed.
W. Demopoulos and M. Friedman

            In his review of Niiniluoto's (1987) massive attempt at a formal exposition of the notion of truthlikeness (Tr), Adams (1990) concludes: 'I am inclined to think that what is most fundamentally wrong with Niiniluoto's approach is its assumption that there is an overarching concept of truthlikeness, and that we need to find a uniform measure of it.'
 (A similar critique could be levelled at attempts to find a formal overarching approach to the projection problem, which is intertwined with the problem of Tr.) An all encompassing formal approach to Tr could indeed be misconceived, and possibly intractable, as Popper indicated (1981, p. 372): 'Perhaps it cannot be solved by purely logical means but only by a relativization to relevant problems or even by bringing in the historical problem situation.'
 Moreover, even if 'purely logical means' were to yield a generally acceptable all encompassing formal expression of Tr, it would still be necessary to show just how that expression pertains to the actual sciences, if it is to be at all relevant to the realist issue in the sciences. Be that as it may, the notion of Tr suggested here is based on Popper's remark above, where the 'historical problem situation' is taken to be that posed by the apparently miraculous development and application of modern physics, i.e. of rendering that apparent miracle intelligible within a critical rationalist context, one that steers clear of inductivism, apriorism, as well as of circular argument. The approach considers three intertwined questions: Could there be some trait of the foundational physical theories - theories that satisfy the CC: Coherence, Parsimony, and Hamilton's Principle (HP) - a trait other than their successes, which could suggest the possibility of their Tr?; if so, could that trait have been instrumental in providing good rationales for the projectibility of the theories within their respective domains - rationales that could also form accounts of the successes of the theories, as well as of the gradation of the successes of comparable laws and theories?; and finally, could that trait have also been instrumental in empirically guiding physics towards objective progress? The tentative affirmative response given here to these queries began with an analysis of the idea of Tr, qua epistemic fitness of bits of representational knowledge in the evolutionary context (sect. A). It was suggested there that the notion of Tr be regarded as a composite of two components: integrative and projective generality, i.e. scope and extent of projectibility, respectively; with the latter demarcating a niche (domain) for the bit of knowledge. The two components are meant to tell of the comparative extent to which a bit of knowledge captures two aspects of its associated reality, i.e. its class of phenomena and its invariant traits. It was further suggested that this Tr would be linked to bio-fitness - in the sense that the bio-fitness of whatever the unit of selection may be would in part depend on the epistemic fitness of its knowledge - and that as a consequence of the operation of natural selection on bio-fitness, epistemic fitness would also get selected for. The posit was that this indirect selection operates concomitantly but distinctly on the two aspects of fitness of competing epistemic bits, in such a manner that in the longer run, the extents of the two epistemic desiderata become correlated: the better the scope of a bit of knowledge the more projectable would it be, and vice versa. Now it seems that tests of foundational physical theories may mimic natural selection in bringing critical empiric control to bear concomitantly but distinctly on the comparative scope and projectibility of a sequence of comparable theories. This view is indicated by our apparent ability to discern in the outcomes of such tests - in the corroborative successes of the theories - distinct empiric indications of their comparative integrative and projective generalities; a claim based on interpreting theory embedded symmetries to be hypotheses about the projectibility of their theories across specific features of their domains, and on the apparent distinct and valid testability of such projective structural hypotheses, across test-intervals of their theories.
 And the indications are that in a sequence of comparable theories the two aspects of their fitness - scope and projectibility - go hand in hand, as both the evolutionary picture and our intuitions suggest. 

The present stance may also be seen thus: given a sequence of comparable foundational theories, and given that Tr governs corroborative success, then their graded corroborative successes may indeed be indicative of their graded Tr. But this Tr is not inferred projectively from their successes, whether corroborative or explanatory; it suggests itself as a possibility by what appear to be diverse (in extent) projective generalities (a notion linked to the idea of Tr), conferred on the theories by their similar (in form) but also diverse (in content) symmetric-structures; structures that function as selective constraints on the theories (within the confines of the CC) and over which we appear to exercise distinct and valid empiric control. If this interpretation of theory embedded symmetric-structures qua projective hypotheses in respect of their theories is sound, and given their distinct and valid testability (seen here to be the source of their projective import, in respect of themselves and of their theory), then the required rationales for the projectibility (applicability) of the theories across their respective domains (largely conditioned by their symmetric-structures), would be at hand; rationales (linked to Tr) that could account for the successes of the theories, as well as for the gradation of the successes of comparable laws and theories. The stance also suggests how testable symmetries could have empirically guided physics towards  objective progress, within the confines of the CC. The crucial methodological role symmetries have had in the development of physics (particularly in that of 20th C. physics) can thus be understood. It could, therefore, be said, rightly, that I have but read off a resolution of the projection problem in physics (a resolution with implications for the other sciences) from physics itself, but with the help of pointers from evolutionary biology. But to read off tentative resolutions to philosophical problems from the sciences is, of course, nothing new. The reason that is possible is that scientific theories have philosophical implications, '...either epistemological, bearing on the extent, validity, and character of human knowledge; or metaphysical, bearing on the character of reality.' (Shimony, 1993a, p. 310); and, adding to this list, methodological, bearing on sound practice that may lead to further progress. 

The claim that a sequence of comparable foundational physical theories possess differential degrees of Tr depends thus on interpreting their embedded symmetric-structures to be conferring on them differential degrees of projective-generality; structures to which we appear to have distinct and valid empiric access, via their approximate realizations. The notion of Tr for such a sequence of theories (all satisfying the CC) is thus characterisable with the term symmetric-structure-likeness. The posit is that this Tr stems from the common symmetric form of the respective symmetric-structures of the theories, their S(T), and from the uncommon degree to which these structures approximate (in content, i.e. in extent and kind) the symmetric-structure S(T0)  of a posited true goal theory T0, of our universe near its beginning. But this approximation signifies a degree of similarity in symmetric content: the more similar the content of an S(T) is to the content of S(T0), the closer S(T) approximates S(T0). Thus the likeness or similarity relation refers to likeness of symmetric form (suggesting continuity), as well as to likeness of uncommon symmetric content, i.e. of uncommon extent and kind of symmetricity (suggesting a discontinuous stepwise approach to the true symmetric-structure and thus to the true theory); and importantly, comparative extents of symmetricity are roughly discernable. 

Given this notion of Tr and its source, the theories could be truthlike vis-à-vis their real domains, whenever and wherever such domains are instantiated, domains which would include approximate realizations of their symmetric-structures; and this conjectured Tr would be in virtue of another similarity relation (again in the sense of form and  content, hence extent) their symmetric-structures could have with their approximate counterparts in those domains; counterparts, to which we appear to have distinct and valid empiric access. This possibility follows from the idea that similarity, as between both formal and physical structures, could be characterised by symmetric traits; hence the possibility of similarity between symmetricities of formal and physical structures; a similarity, with the help of which a formal structure could latch onto a physical one. Thus the theories could stand in a truthlike (approximate) relation to both the true theory and their real domains, in virtue of their symmetric-structures, which would thus be the source of both relations. From the viewpoint of the present stance then, the most significant aspect of the foundational theories is that they could be bearers of representations of various evolved features of an original symmetric-structure of physical reality; a structure that has undergone changes, and features which can presumably be epistemically exploited only within the set of the CC (more on this below). 

This conception of the Tr of the foundational theories does not preclude a formal characterisation of the theories, either as syntactic-propositional structures - but where those propositions that refer to symmetries being distinct and more significant than others - or as semantic-model structures. A syntactic-propositional characterisation would be best served by a formal propositional based approach to Tr, and a semantic-model characterisation by a formal model based approach. And each approach could in principle be based either on the notion of "content" or of "similarity" or both. (Although models can always be given propositional expressions, there is a good case for the view that models, in the sense of sets of propositions, do not fully capture the important role of models in science - Aronson, et al. 1995, Chs. 3, 4, 5)
 

Whatever merits or demerits a propositional approach to Tr may have (Aronson, et al. 1995, Ch. 6), the Tr of the foundational theories, qua symmetric-structure-likeness, is perhaps best made sense of via a model approach. Roughly: consider the graded corroborative successes of a sequence of comparable foundational theories to reflect their graded composite epistemic fitness - fitness as regards both scope and projectibility - of which their distinct graded projectibility fitness, as indicated by their respective S(T), is an integral part, governing the graded composite fitness, or Tr, of the theories. Now, presumably, this graded composite fitness would depend on the comparative number of models - model qua nondynamical structure (manifold & metric) plus particular solution, whether exact or approximate - that each theory can in principle provide or encapsulate. That number would govern the comparative size of its domain, i.e. the comparative size of the class of phenomena that the theory can account for, or its scope, meant to go hand in hand with its comparative extent of projectibility; and the degree of fitness between the theory's models and the phenomena themselves (a "fitness" that may well be mediated by phenomenological models – sect. I), would govern the theory's accuracy. But how could we have acquired such truthlike theories, given the infinity of possible theories that could in principle be constructed for hosts of phenomena? Epistemic fitness, or Tr, must clearly originate with the restrictive or selective constraints we impose on the theories. The CC are, of course, such constraints, and with reference to foundational theories in inertial physics, one of them (HP), expressly suggests a link between the basic chronogeometric invariant traits of a theory, which could make for the theory's spatio-temporal projectibility fitness, and its epistemic fitness (sect. C). Generalizing this apparent link between theory embedded symmetries and the epistemic fitness of their embedding theories leads to the idea that the entire distinctly testable symmetricity of a theory could underpin its Tr, thereby governing the theory's comparative scope and accuracy, within the confines of the CC. In the context of these constraints, a theory's apparently testable symmetricity may thus be decisive as regards the number and accuracy of models the theory can encapsulate, and hence the size of the class of phenomena the theory can account for, and hence the extent of its domain. (On this view, accuracy ought to go hand in hand with scope - Kruse, 1997.) The posit is that the better a theory encapsulates the symmetric-structure of physical reality at its beginnings (in the sense of content, hence extent), the more phenomena it should be able to model – it should have enhanced scope - and the more accurate its modelling should be. The evidence appears to bear this out. Thus the fact that within the set of the CC symmetries serve as severe selective constraints on successful theory construction, suggests that the apparently testable symmetricity of a theory may underpin both its scope and accuracy. Accordingly, in a sequence of comparable theories, a theory's comparative projectibility fitness as imparted to it by its S(T), and its comparative scope, both of which are here thought to be distinctly reflected in its comparative corroborative success, may be independent indicators of its comparative Tr. Corroborative success - which is meant to tell about the distinct but correlated desiderata of scope and extent of projectibility - may thus be an indicator of Tr, even though Tr is not inferred from it, and even though the source of that Tr, i.e. comparative projective generality (comparative extent of projectibility), is numerically indiscernible, because we cannot discern the similarity in extent between the symmetricity of a theory [its S(T)] and the symmetricity of the true theory [its S(T0)], although we can roughly discern such comparative similarities, or extents,  in a sequence of comparable theories.   

 Tr, qua symmetric-structure-likeness, is not 'overarching' (applicable to all hypotheses), notwithstanding that the idea that the notion of Tr take distinct account of projectibility has been traced here to the early evolutionary period. The reason for it not being 'overarching' is that there is an abundance of hypotheses - even within science, i.e. in the psycho-social sciences - which have neither a direct nor indirect link to hypotheses posited here to embed representations of parts of a physical symmetric-structure. Thus Tr, qua symmetric-structure-likeness, can in principle encompass only the physical and biological sciences. And although this characterisation of Tr may also be its "measure", in relation to comparable hypotheses to which it could be applicable, it may not be possible to give this "measure" a formal account that could yield numerical values for it. Nonetheless, it is generally possible to discern roughly comparative extents of symmetricity of a sequence of comparable hypotheses. 

Galileo held, '... the book of nature is written in mathematical characters...' (Drake, 1972, p. 264).
 On the posit that this is not the case, the proposed notion of Tr should be linquistically invariant (Barnes, 1995), although still context (CC) dependent. Linguistic invariance of Tr would be in accord with Field's (1980) version of nominalism, according to which mathematics, but not logic, is 'contentless', in both the platonic and physical senses. Notably, the symmetry notion is also crucial in Field's depiction of spacetime structure, and hence in his nominalist version of physics, which has the 'invariant content' of a theory as its most physically significant feature. Thus even were the nominalist program successful in showing the in principle dispensability of mathematics in physics (Malament, 1982; MacBride, 1999), the symmetric-structure our mathematics reveals would not be dispensed with; a symmetric-structure that could account for what Shimony called (1993b, p. 265), '... the favorableness of nature to scientific inquiry...'.

Now there are a number of formal expositions or models of Tr (Kuipers, 1987; Brink, 1989; Niiniluoto, 1998), and it may be of interest to ask whether the present characterization is at all in harmony or in conformity with some of them. It is clearly in harmony with Popper's (1976) and Niiniluoto's (1994) idea of a target theory (or sentence) approach, and particularly with Niiniluoto's (1994, p. 299) observation that, '... the world itself cannot function as a target of truthlikeness, unless some contextual restrictions are imposed upon it.' The 'contextual restrictions' being the CC, symmetric constraints (which, given some metaphysical posits, are here thought to be the component sources of Tr), and if nominalism is erroneous then underpinning all those constraints, the mathematical language with its ensuing classification scheme. The proposed characterization may also be in harmony with the idea of Aronson, et al. (1995), who see truth as an inductive limiting case of Tr. Accordingly, the true S(T0) of the true theory may be a "limiting case" of the symmetric-structures of today's four sequences of foundational theories, and the true theory a "limiting case" of those sequences of theories. But, of course, these "limiting cases" may be regarded to be posits, rather than end results of inductive inferences. The present approach may also be in tune with one of the proposals based on the semantic conception of theories. This approach gives a rather neat account '... of the intertheory relation of comparative structural similarity.', in terms of a geometrical distance relation on which the notion of Tr is then founded. The objectivity of the notion of 'structural similarity' is defended, although admitting that, '... comparative similarity cannot be a purely formal or logical relation.' (Gorham, 1996, p. S227) This admission underlines the chief drawback of formal models of Tr, as well as of partial truth,
 namely, that they are necessarily founded on one or another arbitrary presupposition, or conceptual framework, which allows the formal machinery to proceed (Brink, 1989, p. 199). A recently proposed notion of quasi-truth (another semantic notion) is no exception, although it is perhaps the best available formal construction for modelling a discernible continuity of structure in a sequence of comparable theories; where "structure" can be interpreted either realistically, or in line with the constructive empiricist outlook (French and Ladyman, 1999; Bueno, 2000).
 It may thus be possible to think of Tr, qua degree of symmetric-structure-likeness, going hand in hand with degree of quasi-truth (for a sequence of comparable theories), provided one does not lose sight of the following important difference between the two conceptions of Tr. The symmetric-structure-likeness characterisation is a naturalized one [because it is based on a similar (in symmetric form) but also diverse (in symmetric content) trait of available physical theories; it is, thus, conjectural, i.e. it is a  naturalized epistemic and metaphysical characterisation of Tr, qua degree (albeit unquantifiable) of invariance, interpreted to be a representation of degree of projectibility]. Being naturalized, it makes it possible to draw on evidence indicating that the items involved in assessments of comparative likeness could actually be there. Thus assessments of comparative extents of likeness of symmetricities to the true symmetricity would, if practiced, draw on distinct corroborations of relevant symmetries, indicating their physical reality. (Of course such assessments do not thereby gain certainty, they remain conjectural, just as the idea that the corroboration of foundational theories could have acquired a rationally underpinned projective import, on account of the distinct testability of their symmetricities - as discussed in sect. B.) In contrast, the notion of quasi-truth is a semantic one, unrelated to distinct empiric results.
 This consideration highlights the dichotomy between formal approaches to Tr and the present naturalized one. 

The unavoidable problem facing formal approaches stems from a point discussed in sect. A. The point concerned itself with inferences touching on hypotheses based solely on formal considerations; it suggested that the soundness of such inferences depends on the axioms of the formal machinery (e.g. the probability calculus, set-theory, etc.) holding in the relevant reality. Thus inferences based on formal considerations do not dispense with metaphysics. Nor does it help in this regard if this metaphysics is taken to be explanatory of the posited utility of the formal machinery, meant to be practiced, or were it to be practiced. For to hold to that view is but to infer an explanatory metaphysic solely from that posited utility; a flawed inference since it is a case of IBE, of which the no miracles argument is but a particular instance (Shimony, 1993c, p. 43). Realists require an account of the utility of the strategy in use; an account which although still metaphysical, is not centered on that utility itself. The present stance, admittedly metaphysical (but with links to distinct empiric results), draws its inspiration from what that strategy in use appears to reveal: that our universe began with an invariant structure that has undergone changes, and that we are able to theoretically model and empirically access the changes and their outcomes. This modelling and access suggest that the similar but also diverse invariant structures of our theories could be the key to their Tr. Thus the present approach is in tune with, '... the plausible claim that a theory is approximately true if the world [domain] exhibits a relevant structure sufficiently similar to the abstract structure specified by the theory...' (Smith, 1998, p. 264).
 From the perspective considered here, that abstract structure is symmetric-structure. And the view that domains of physical reality may exhibit such a structure in respect of the relevant theories, as well as in respect of hypotheses in part reducible to them, rests on the apparent distinct and valid testability of such structures. The important advantage of the present approach is thus that it is linked to a common and apparently distinctly and validly testable feature of actual sequences of physical theories. It avoids, therefore, the largely 'quixotic' character of the formal 'verisimilitude programme': that, '... in spite of the efforts made to defend the notion of scientific progress as "progress towards the truth", in fact almost no workable method to recognise this kind of progress in actual scientific practice has been offered.' (Bonila, 1996, p. 27)   

Thus, in sharp contrast to formal attempts to explicate the notion of Tr, the present metaphysical stance on the Tr of the foundational theories rests on an interpretation of their symmetric-structures - that they are hypotheses about the comparative projective generality of their embedding theory - and on the apparent distinct and valid testability of such structures. The evident similarity of such structures - that they all point to empiric invariants with respect to their respective theories - suggests both: that they constitute a common strand of the theories, and that they could endow their theories with some projective generality; the comparative extent of which would depend on the comparative similarity in extent between a theory's symmetric-structure and that of the posited true theory. Thus, within the ambiance of the CC, projective or symmetric generality could govern and hence be indicative of Tr. And although we cannot discern absolute extents of symmetric generality, we can, generally and conjecturally discern comparative extents of it. 
It can, however, be held that the inference of a symmetric-structure, based on apparently testable symmetries, is also a case of IBE, since to infer any item in order to account for outcomes of tests can be regarded to be an instance of IBE. But the situation pertaining to tests can also be seen as the exercise of empiric criticism and control over conjectured hypotheses, whether they be about entities or whatever. What is special about theory embedded symmetry hypotheses is that they are about structural features, in the sense of equivalence classes, of the domain of the theory; features suggesting that the theory may posses some projective generality, and hence possibly Tr. However, since there can be no direct link between evidence and either realism or non-realism, nor can there be a demonstration of either stance, both must necessarily remain metaphysical. 

The suggested view of Tr can apparently meet the following reasonable demands on the idea of Tr - the first is posed by Urbach (1983), the others by Miller (1994): 

(1) '...a sensible notion of objective truthlikeness ... would have to establish that certain properties of physical structures are privileged over equally genuine properties. What is more, this pre-eminence would have to be of a special sort, not derived merely from the peculiarities of human perception or intelligence or preoccupation but somehow based in the nature of things in themselves ... and indeed privileged in the sense that they form the basis for judgements of "objective similarity" ' (p. 274). The posited objective counterpart of the symmetricity of a theory is specifically privileged as a property of physical structures because it suggests a uniformity feature of physical reality to which the theory may "latch" onto and thus exploit for its predictive and retrodictive functions; and the posit of the objectivity of the symmetricity stems from its apparent distinct and valid testability across test-intervals of the theory. The approach indicates the possibility of an "objective similarity" relation between the symmetricity of a theory and that of the true theory. Hence the possibility of the Tr of the theory, in respect of the true theory, as well as in respect of its realised domain.
(2) '... the extent, either in quantity or quality, to which a hypothesis errs, is something, ..., that must be open to empirical investigation.' (p. 202);

(3) ' Why should it not be admitted that the conditions under which K advances on H contain real factual - one hopes, testable - elements,...' (p. 208); 

(4) '... assertions of scientific progress must be cast in falsifiable form if they are to be seriously entertained. ... It must be possible to refute K's claim to be a better theory than H is even on K's own terms.' (p. 208); and finally,

(5) 'You may say that empirical theories do not normally make explicit mention of the relative importance and centrality of their various predictions. True enough. What I am saying is that they should do so if they wish to partake in claims of better or worse approximation to the truth.' (p. 217). As I see it, the foundational physical theories do indeed suggest that their distinct predictions, generated by their distinct embedded symmetries, are privileged over their other predictions, because the symmetries may confer on their respective theories specific sorts of structural uniformities, i.e. uniformities as to the relation between the theory embedding the symmetries and features of the domain of physical reality the theory is about. Those uniformities underpin the other predictions, because the latter could not be realised without the uniformities being truthlike. 

 Miller also raises the following query: if '... a false theory has exactly as many false consequences as it has true consequences ... . It is ... not too clear why, if increase in verisimilitude is not accompanied by any reduction in error, we should prefer the more truthlike of two theories in our struggle to discover the truth.' (p. 200) Given that in the sciences, at any rate, the truth of the true theory could not be discerned even were we in possession of such a theory, the only way to progress towards such a theory is to prefer the more truthlike among available competing theories. But is their Tr discernible, and could there be an additional more immediate reason, for preferring the more truthlike theory? The following considerations suggest both possibilities, although the discernibility of Tr can only be indirect. Scientific hypotheses must necessarily be relational, if only in the sense of relating two states of a changing system at different times, since otherwise they could be neither descriptive, nor explanatory, of processes. (Even hypotheses about invariant entities or stationary systems, are implicitly timewise relational, because we take such entities to persist in time). It follows that the hypotheses must be projectable, i.e. be form-invariant with respect to the particular relation(s) they suggest. A notion of Tr with respect to such hypotheses ought, therefore, to take distinct account of their posited projectibility. Thus of two false hypotheses, each of which has the same number of true and false consequences, it would be rational to prefer the hypothesis that is more truthlike from the projectibility point of view, regardless as to which hypothesis has the larger equal number of true and false consequences. Accordingly, if in the case of competing foundational physical theories symmetric-structure does indeed govern extent of projectibility, then it would be rational to prefer the theory with the symmetricity that may impart the most extensive projective generality, because that theory is likely to be most truthlike. And if we suppose that Tr governs performance in the sense of scope, and that corroborative success is indicative of that performance, then choosing the most successful theory in the sense of scope would yield the most truthlike theory. But we would not have inferred that Tr from success, but rather from an apparently distinctly testable theory embedded symmetricity. And the immediate reason for preferring the most truthlike and hence most projectable theory, is that in respect of that theory the projection problem would have been obviated to a maximal extent, given the testability of the structure conferring that Tr. From this perspective, a formal syntactical content-based approach to Tr, which, when called for, cannot distinguish between the 'relative importance' of various predictions of an hypothesis, and hence cannot take distinct account of its comparative projectibility, is seriously wanting. Thus if the idea that in relation to scientific hypotheses the notion of Tr ought to take distinct account of the comparative extents of projectibility of the hypotheses is sound, then a purely propositional-content based approach to their Tr may be expected to lead to misleading conclusions (Volpe, 1995). 

Perhaps this can be further clarified with reference to Jeffreys' problem across test-intervals: the possibility of an infinity of incompatible apparently empirically equivalent theories, with diverse spatio-temporal forms across such intervals (sect. B). Now consider one of Jeffreys' false aberrant theories having the same number of true and false consequences, and compare it with the also false but form-invariant theory - form invariant under the relevant symmetric transformations - the number of true and false consequences of which are also the same. The point is that even if this latter number were to be smaller compared to that in the case of the aberrant theory, we would still prefer the form-invariant theory, because that theory suggests a particular kind of truth, i.e. truth about its own projectibility: that whatever truth it contains is not confined to this or that point or locality. That sort of truth is a sine qua non for a theory to be successfully applicable (projectable) for either explanatory or pragmatic purposes. Moreover, the form-invariant theory may uniquely encapsulate some truth, because only that theory suggests that its truth, or the truth it selects to tell about, holds uniformly across its entire domain, and that uniformity appears to be open to test, concomitantly with but distinctly from testing the theory's performance, as regards its scope. It is this form-invariant theory which gets positively selected, via our apparent distinct and valid empiric access to its form-invariance; an access that could constitute a good rationale for the projectibility of the theory across its domain. We can have no good rationale for the projectibility of the apparently hitherto empirically equivalent aberrant theories, because they do not present us with a possibility of testing their aberrant form variations. All this suggests that the posit about the form-invariant theory being uniquely truthlike, and that in a sequence of comparable theories projective generality would go hand in hand with integrative generality, may be sound. Not surprisingly, therefore, physical reality appears to be such that its apparently testable uniformities, and non-uniformities, are able to function as powerful aids in our construction and selection of theories, albeit only within a guiding context of our choice. For without some projective generality or uniform applicability on the part of a theory, the theory could not possibly depict an invariant truthlike relation - a relation, the Tr of which is invariant across the entire spacetime expanse implicated by the relation - because such a relation presupposes some degree of projectibility on the part of the theory. Thus, a distinctly testable projective generality may matter, indeed may underpin, the notion of Tr in relation to scientific hypotheses, and this point would not be picked up by a syntactic purely content-based analysis. The outcome of such an analysis - that the number of true and false consequences of a false theory are the same - may thus be seriously misleading from the point of view of the Tr of such hypotheses. Accordingly, when it comes to scientific hypotheses, deep or otherwise, the interest ought not simply be in the number of their true and false consequences, but also whether they possess some projective generality; and whether such generality may be testable. For only hypotheses with some projective generality can successfully express relations between relata. The notion of Tr ought to reflect this situation. 

The picture emerging from this discussion conforms to our projectivist intuition, i.e. that the more truthlike a bit of knowledge about some local part of a reality, say an atom - the better the scope of the knowledge captures truths about that atom - the more projectable it is likely to be across that reality, and vice versa: the hunch is that the more truthlike an hypothesis locally, the greater is likely to be its projective generality or extent of universality, and vice versa; and hence the less restricted is likely to be its applicability or projectibility, or the less restrictive is likely to be its domain. Thus, as indicated in sect. B, the discussion merely points out that this intuition could have been rationalised in physics, by effecting distinct and valid empiric control over the integrative and projective generalities of the foundational theories. Hence the possibility of deep objective physical knowledge.  

Consider next Miller's (1994, Ch. 11) accuracy reversal problem. Miller showed the parameter dependence of the relative accuracy of predictions of two rival false quantitative theories, of at least two continuous parameters. This problem suggests that accuracy may not reflect Tr, and if theory choice were to be based solely on accuracy, then the possibility of objective progress would indeed be in doubt. But, in physics, the primary consideration in theory choice has, I think, been empiric adequacy or unifying efficacy, posited to reflect scope, although, as indicated above, accuracy may go hand in hand with scope (Horton, 1978). More importantly, however, the anomalous coordinate transformations - whether they be time dependent or not (Smith, 1998)
 - required for reversing the accuracy of simple rival theories, when applied to rival foundational physical theories, would alter their tested symmetric-structures, in a way that would result in the theories violating all three constraints of the CC. In the light of the present stance, therefore, the aberrant theories obtained in that way would no longer be truthlike. Any reversal of accuracy in such cases, if it could be shown say relative to some measured values, would thus not be surprising.
  

However, the notion of Tr suggested here, even were it to be linquistically invariant, would remain context (CC) dependent. And we cannot show that the CC are a fitting context for the development of increasingly truthlike theories; and even if we regard them to be so fitting, we cannot show them to be unique in this respect. Nonetheless, we may have a rationale for their imposition; and in sect. B. it was suggested that that rationale could be the critical rationalist metaphysic: that physical reality in its entirety is so ordered that modus tollens is a fitting tool for bringing empiric criticism to bear on hypotheses about it. But that metaphysic may not hold precisely, or it may not hold at all, in respect of some, or all, of the domains of physics. Hence the possibility exists that neither the critical rationalist methodology, nor the CC context linked to it, are appropriate tools for the exploration of parts, or all, of physical reality. Such considerations indicate that alternatives to today's physics, constrained by alternative contexts, perhaps linked to alternative methodologies, are possible. The hypotheses of such alternatives would no doubt look different from those of today's physics, and may tell a somewhat different story regarding the furniture of physical reality. But my guess is that the alternatives would also be compelled to attend to the symmetric-structure of physical reality. It is, of course, possible that theories of the alternatives would pick out features of the symmetric-structure, different from those picked out by  the current theories, and still converge to the same target theory. What is highly unlikely, however, is an alternative physics that would achieve an empiric efficacy comparable to that of ours, without attending to the symmetric-structure of physical reality, within a context of some fairly rigorous set of constraints; constraints that would promote parsimony, and thus rule out obtaining a high empiric adequacy via  ad-hoccery en masse. Another source for possible alternatives to today's physics is that it contains conventional elements; in particular, as Poincaré stressed, the geometries we choose to work with. The non-arbitrariness of the conventions stems from the theoretic and empiric constraints we impose. But the constraints may not be watertight. Hence the in principle possibility of a variety of alternatives, perhaps even within the context of the CC. But such alternatives are not likely to be as truthlike as our physics, because the symmetric-structures of their theories are not likely to be as truthlike as those in today's physics, which have apparently withstood critical tests.
Popper suggested (1970, p.3), '... we can best gauge the progress made in any science by the distance in depth and unexpectedness between P1 and P2 ...', where P1 is the initial problem situation and P2 the problem situation that arises after P1 has been tentatively resolved. This study suggests that in the case of a sequence of comparable foundational physical theories satisfying the CC, we may be able to get some idea of comparable truthlike progress made in steps from a theory (or theories) to its (or their) successor by the 'distance in depth and unexpectedness' between the preceding and succeeding symmetric-structures. Thus, ceteris paribus, a novel theory with an authentically novel and distinctly testable symmetric-structure is likely to be more progressive than a novel theory without such a structure. 

References  for Sect. H: Truthlikeness
Adams, E.W. (1990) 'Review Article' Synthese 84,139-152.

Altmann, S.L. (1992) 'Review of Stewart and Golubitsky (1992)', Nature 360, 545-546.

Aronson, J.L.,  Harré, R., Way, E.C. (1995) Realism Rescued (Chicago: Open Court)

Barnes, E. (1995) 'Truthlikeness, Translation, and Approximate Causal Explanation', Phil. Sci. 62, 215-226.

Bell, J.L. (1986) 'From absolute to local mathematics', Synthese 69, 409-426.

Bonila, J.P.Z. (1996) 'Verisimilitude, Structuralism and Scientific Progress', Erkenntnis 44, 25-47.

Brink, C. (1989) 'Verisimilitude: Views and Reviews', History and Philosophy of Logic 10, 181-201.

Bueno, O. (2000) 'Empiricism, Scientific Change and Mathematical Change', Stud. Hist. Phil. Sci. 31, 269-296.

Burger, I.C. and Heidema, J. (1994) 'Comparing Theories by their Positive and Negative Contents', BJPS 45, 605-630.

Butterfield, J. (2000) 'Topos Theory as a Framework for Partial Truth', to appear in P. Gardenfors, et. al. (eds.), Proceedings of the 11th International Congress of Logic, Methodology and Philosophy of Science (Kluwer Academic). 

Drake, S. ([1967] 1972) 'Galileo Galilei', in The Encyclopedia of Philosophy, 3 & 4, (N.Y.: Macmillan & The Free Press, pp. 262-267.

Field, H.H. (1980) Science Without Numbers (Oxford: Basil Blackwell)

Forster, M. and Sober, E. (1994) 'How to Tell when Simpler, More Unified, or Less Ad Hoc Theories will Provide More Accurate Predictions', BJPS 45, 1-35.

French, S. and Ladyman, J. (1999) 'Reinflating the semantic approach', Intl. Stud. Phil. Sci. 13,103-121.

Gorham, G. (1996) 'Similarity as an Intertheory Relation', Phil. Sci. 63 (Proceedings), S220-S229.

Horton, D. (1978) 'Accuracy of Prediction: A Note on David Miller's Problem', BJPS 29,179-183.

Ketland, J. (2000) 'Review of G. Stokes', "Popper: Philosophy, Politics and Scientific Method" ', BJPS 51, 363-369.

Kruse, M. (1997) 'Variation and the Accuracy of Predictions', BJPS 48, 181-193.

Kuipers, T.A.F. (ed) (1987): What Is Closer To The Truth? (Amsterdam: Radopi)

Lawvere F.W. and Schanvel, S.H. (1997) Conceptual Mathematics (Cambridge: CUP)

MacBride, F. (1999) 'Listening to Fictions: a Study of Fieldian Nominalism', BJPS 50, 431-455.

Malament, D. (1982) 'Review of Field (1980)', The Journal of Philosophy 79, 523-534.

Miller, D. (1994) Critical Rationalism (Chicago: Open Court)

Mormann, T. (1988) 'Are All False Theories Equally False? A Remark on David Miller's Problem and Geometric Conventionalism', BJPS 39, 505-520.

Niiniluto, I. (1987) Truthlikeness (Dordrecht: D. Reidel)

Niiniluoto, I. (1994) 'Truthlikeness Missapplied: A Reply to Ernest W. Adams' Synthese 101, 291-300.

Niiniluoto, I. (1998) 'Verisimilitude: The Third Period', BJPS 49,1-29.

Popper, K. (1970) 'A Realist View of Logic, Physics, and History', in W. Yourgrau and A.D. Breck (eds.), Physics, Logic, and History (New York: Plenum Press), pp. 1-39.

Popper, K.R. ([1972] 1981) Objective Knowledge, An Evolutionary Approach (Oxford: Clarendon Press)

Popper, K. (1976) 'A Note on Verisimilitude', BJPS 27, 147-159.

Schwartz, J. (1962) 'The Pernicious Influence of Mathematics on Science', in L.E. Nagel, P. Suppes and A. Tarski (eds.), Logic, Methodology and Philosophy of Science (Stanford: Stanford University Press), pp.356-360.

Shimony, A. (1993a) 'Reflections on the philosophy of Bohr, Heisenberg, and Schrödinger', in his Search for a Naturalistic World View II (Cambridge: Cambridge University Press, ), pp. 310-322.

Shimony, A. (1993b) 'Scientific Inference', in his Search for a Naturalistic View I (Cambridge: Cambridge University Press), pp.183-273.

Shimony, A. (1993c) 'Reality, causality, and closing the circle', in his Search for a Naturalistic World View I (Cambridge: Cambridge University Press), pp. 21-61.

Smith, P. (1998) 'Approximate Truth and Dynamical Theories', BJPS, 49, 253-277.

Stewart, I. and Golubitsky, M. (1992) Fearful Symmetry: Is God a Geometer? ( Cambridge: Blackwell)

Urbach, P. (1983) 'Intimations of Similarity: The Shaky Basis of Verisimilitude', BJPS 34, 266-275.

Volpe, G. (1995) 'A Semantic Approach to Comparative Verisimilitude', BJPS 46, 563-581.

Watkins, J. (1995) 'Review of Miller (1994)' BJPS 46, 610-616.

Watkins, J. (1996) 'Popperian Ideas on Progress and Rationality in Science', read at the American Philosophical Association, Eastern Division Meeting, 1996.

Weinert, F. (1999) 'Theories, Models and Constraints', Stud. Hist. Phil. Sci. 30, 303-333.

Wigner, E.P. (1979) 'The Unreasonable Effectiveness of Mathematics in the Natural Sciences', in his Symmetries and Reflections (Woodbridge, Conn.: Ox Bow Press), pp. 222-237.

� Niiniluoto's reply is in his (1994).   


� On Popper's failed attempt to solve the problem of Tr, see (Watkins, 1995 and 1996).    


� A valid test being one that could bring into contact a singular hypothesis and its test-phenomenon, consequent to the fact that its attendant projection and model mediation problems could be resolved, via deductive-empiric means (sect. B).


� On the variety of models and on their diverse uses in science, particularly in physics, see (Weinert, 1999).


� Galileo's dictum, understood as a metaphysical view, suggests a realist stance about mathematical structures, which would make mathematics indispensable in physics, and on which a realist stance about mathematically formulated physical theories could be founded. The stance could thus account for the apparent indispensability, as well as for the 'unreasonable effectiveness' (Wigner, 1979), of mathematics, in physics. In his review of Stewart and Golubitsky (1992), Altmann (1992) suggests that the authors' response to 'Wigner's puzzle' is that it "...may have a simple answer: mathematics is effective in describing the universe because that's where we got it from.". But Altmann continues, 'It is a pity that they do not produce evidence for this statement'. For another account of 'Wigner's puzzle' see Bell (1986).    


     Be that as it may, whilst the use of mathematics may be indispensable in physics, its use for some other purposes may be misguided, because, as Schwartz (1962) put it, the 'single-mindedness, literal-mindedness and simple-mindedness' of mathematics. The attempt to provide a formal explication of the notion of Tr for all occasions may be a case in point.  


� Butterfield (2000) develops the idea of Partial truth based on category theory (A theory also discussed in Bell, 1986). The approach leads to the idea of a topos, which is meant to provide '…a satisfactory general framework for making sense of the idea of partial truth.' As I understand it, the approach leads to the idea that a proposition can be partially true in virtue of the whole truth of some of its parts - but where truth values are given in terms of sets of "arrows" (transformations) rather than numbers. The approach is thought to be applicable to physical theories. In relation to the present stance, the approach suggests the idea that one could perhaps see the symmetric-structure of a theory to be that part of it that is wholly true, thereby endowing the theory with partial truth. However, symmetric-structures that are entirely true in respect of their embedding theory could nonetheless be but partly true in relation to the symmetric-structure of the true theory, in virtue of their similarity in extent to that symmetric-structure. Accordingly, a sequence of comparable theories encapsulating diverse symmetric-structures could instantiate truthlike progress, in virtue of the graded whole truth of their symmetric- structures, i.e. a whole truth that is nonetheless graded with respect to the symmetric-structure of the true theory; graded in the sense that the symmetric-structure of each successor theory is more similar in extent to the symmetric-structure of the true theory than the symmetric-structure(s) of its predecessor(s). 


� Bueno suggests a formal model for scientific and mathematical change according to which, 'Quasi-truth then becomes the locus of continuity, since it involves not only a structural component, but also a semantic one.' Bueno has particularly in mind a non-cumulative (in the truthlike sense) structural (constructive) empiricism, rather then a cumulative structural realism. But he acknowledges that his model can also be used to depict change qua realistically conceived progress. As I see it, the problem with non-cumulative structural continuity is that it cannot provide a good account of apparent enhanced success. 


� Moreover, it seems that no empirically accessible criterion for a semantic notion of Tr is possible, as Popper stressed in relation to Tarski's semantic notion of truth. The story of Tarski's discovery and its importance for Popper is succinctly told by (Ketland, 2000). 


� Smith considers the abstract structure to be geometrical structure. This leads him to the view that, 'In the domain of classical dynamical models ... we can avoid relying on an inchoate notion of similarity, and we can ground an attractively clear proposal about what would constitute at least the simplest cases of approximate truth - namely, close tracking of phase-space trajectories.' (p. 273) But the 'close-tracking story' suggests that a Ptolemaic theory of planetary motion could be closer to the truth than Newton's theory. To get out of this impasse Smith has to invoke the interest-relative character of his proposal, linking the notion of Tr to an explanatory, hence to a unification, interest; which makes Newton's theory preferable. From the perspective of this study, however, symmetric-structure underpinns geometric structure, in the sense that the function of the latter is to help reveal the former, in the context of the CC. It follows from this stance that: (1) Ptolemaic theory is ruled out because it doesn't satisfy the CC, and whatever symmetric-structure it may have is untestable; and (2) Newton's theory is unifying because of its satisfaction of the CC, and because of its distinctly testable symmetric-structure. 


� Notably Smith again requires resorting to the interest-relative character of his stance in order to counter the accuracy reversal problem.


� On alternative ways of meeting the accuracy reversal problem see (Mormann, 1988; Forster and Sober,1994; and Burger and Heidema, 1994). 





