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J. Summary

Humean scepticism and the chief attempts to meet it may perhaps be expressed roughly but succinctly thus: 

The possibility of law-like objective knowledge of any sort warrants scepticism, because we appear to be entirely driven - i.e. our minds and behaviour appear to be entirely determined - not by reason, but by habits and customs, formed by repeated experiences of "impressions" (inducing "ideas"), and repeated experiences of their "conjunctions" (inducing their "associations"). We appear to be further driven to project those experiences of "impressions" and "conjunctions", or the habits and customs for which they are responsible, onto one or another posited external reality, which may, or may not, give rise to those experiences. The drive to project stems from repetitions of the experiences - repetitions that induce in us the expectation that the reality in question behaves like our experiences, in an apparently law-like necessary manner. But there is no logically valid legitimisation of this projection of an apparent necessity, nor is there an empiric one, since we do not experience causal connections, necessary or otherwise. The problem of exhibiting the possibility of objective knowledge is thus inextricably intertwined with the problem of legitimating both, that the source of our experiences is the relevant objective reality (presumed rationally structured), and our invalid inductive projections, which suggest that the apparent necessity of our experienced "conjunctions" resides in that reality. And according to Hume, even resort to the probability notion cannot accomplish this latter legitimisation. The Humean challenge is thus to provide an account of how the extraordinarily successful development of modern science (presumed objective) could have taken place, via a rationalist methodology.

Kant's response amounts to a retreat from the challenge. His outlook may perhaps be expressed thus: consider a distinction between deterministic 'phenomena' and indeterministic 'noumena', and posit intersubjectively held 'forms of intuition' (space and time) plus 'synthetic a priori categories' (causality, Euclidean geometry, etc). Those "forms" and "categories" are thought to be imposed (projected) on experienced phenomena - for which they are meant to be valid apriori - by the faculties of 'sensibility' and 'understanding', respectively. Accordingly, rational definitive knowledge of phenomenal reality, capable of making sense of our experiences, is possible. And, presumably, therefore, the spatio-temporal projectibility of such knowledge is rationally warranted, insofar as interpersonal experiences are concerned. But knowledge of 'noumenal' reality, or of reality 'in and of itself ', i.e. objective knowledge, cannot be had. In the light of evolutionary biology and of modern physics, however, Kant's stance (or the way that stance has generally been understood) is untenable - notwithstanding its internal coherence, its ability to save Kant's understanding of scientific rationality, and its ability to give an account of the apparently miraculous successes of Newtonian physics. 
The attempt to meet the Humean challenge with the aid of the probability calculus failed, although a personalist Bayesian retreat remains a possibility, albeit not an unproblematic one. Leaving all that aside, however, probabilism of any variety - qua algorithm for yielding quantitative assessments of either deterministic or statistical hypotheses - appears not to have been practiced widely in the sciences hitherto, and perhaps not at all practiced in the core sciences; which, after all, underpinned the development of the others, by providing a background epistemological and methodological perspective. And the idea that it would be adapted in the core sciences qua methodological norm seems entirely unrealistic, regardless of its purported merits. Hence probabilism cannot be descriptive of how the present extraordinarily successful core sciences could have arisen, nor is it likely to be adapted in those sciences qua methodological norm.  

Popper accepted Hume's logical stance on the invalidity of projections and tried to reinforce it. But he went on to suggest that Hume's psychological stance, his picture of mind, was misconceived, and he proposed an alternative view: the '... principle of transference from logic to psychology--the principle that what is true in logic must, by and large, be true in psychology.' We are thus asked to suppose that 'by and large' mind does not engage in invalid projections, instead, it conjectures and tests its conjectures, whether consciously or unconsciously; a method that is logically sound. But this supposition implicates another: that the reality the conjectures are about also conforms to the demands of logic, in particular the contradictoriness principle, since otherwise tests of the conjectures would not be possible. Whilst Popper may have regarded his 'principle of transference' chiefly qua normative proposal, there are strong indications that he also thought it to be a descriptive conjecture, based on evidence stemming from the biological and neuro-psychological sciences, and from methodological practices in the sciences. Popper took that evidence to suggest that mind is an extraordinary somewhat autonomous product of natural selection, capable of exercising some control over its own "states", albeit within limits set by neuro-physiological constraints. This picture of mind suggests that it is not an instrument compelled to engage solely in association and projection, but rather a complex system which generally initiates - whether consciously or unconsciously - interactions with its milieu via hypothetical solutions to the problems confronting it, an ability of clear adaptive utility. Most of these problems are of a practical or explanatory character, originating in, or with, an objective reality. Hence the hypothetical solutions to those problems faced, willy-nilly, a Darwinian-like error elimination process. We can thus imagine how proposed novel hypotheses could have come to be more truthlike (approximately true) than their predecessors; truthlike about their reality and not just about experienced phenomena of that reality. Thus objective knowledge, albeit of a conjectural and approximate character, could have grown via the sequential instantiation, and at a more advanced stage of human development, deliberate application, of the Darwinian-like critical (selective) method. Mind could thus have actively partaken in its epistemic ascent and thereby in the formation of its fortunes, and indeed of the fortunes of its milieu. Hume's picture of mind is thus in error, but so is Kant's response to it. The phenomena/noumena distinction is unsound, and though conjectural objective knowledge does indeed contain apriori elements, and is thus not entirely a product of mind's experience and creativity, no empirical knowledge is objectively valid a priori. 

Popper's stance may perhaps also be seen thus: consider Hume's picture of mind as an instrument compelled to inductive (projective) reasoning. We can then either retreat to a Bayesian position - which may be seen to rationalise the acquisition of personal knowledge by inductive means, whilst being non-committal regarding the objective character of that knowledge - or we can dispense with Hume's picture altogether and consider, qua working hypothesis, an alternative view of mind qua Darwinian-like system, oriented towards adaptive problem solving via a trial-and-error process. This alternative view allows us to entertain the possibility of conjectural truthlike knowledge, arrived at largely by rational means. But the alternative view is not meant merely to replace Hume's image of  mind as an instrument determined to project its own "states" with one determined to produce conjectures and refutations. For methodological, ethical, and political reasons, the idea that - at least in the human case - mind is to some extent free to choose to conjecture, to criticise, to form non-arbitrary conventions, to discriminate between alternative hypotheses, to participate in 'critical discussions', etc., is clearly a sine qua non in Popper's outlook. 

It seems that of the above three attempts to meet the Humean challenge, Popper's response is the most sound, from both a descriptive (realistic) and normative (logical) point of view. It is for this reason that it succeeds in giving a broad description of how the human epistemic ascent (presumed objective, albeit fallible and approximate) in both its pre-scientific and scientific stages, could have come about largely by rational means. Nonetheless, as it stands, the stance fails to provide an unambiguous good (deductive and empirically based) rationale for the projectibility of scientific knowledge; and hence it cannot provide such a rationale for its application in either pragmatic or explanatory contexts. It fails therefore to account for the successes of such applications. The lack of a good rationale for projections undermines Popper's realist interpretation of scientific knowledge. For the idea of truthlike knowledge implicates the idea of its projectibility within some limited domain, and in the light of the critical rationalist approach that projectibility ought to be rationally, albeit conjecturally, warranted. Thus the defect in Popper's stance lies in his view that corroboration has no projective import, hence neither predictive nor retrodictive import; a view which leaves the practice of the projection of scientific hypotheses, for either pragmatic or explanatory aims, without a rationale. And without such a rationale, i.e. without having a good indication of the projectibility of an hypothesis within its domain, we have no good indication of the possibility that the hypothesis is truthlike. However, the defect in Popper's stance may be due to a lack of detail, traceable to an insufficient naturalization of his outlook to evolutionary biology and particularly to physics. The defect may thus be rectified.  
The present approach takes its cue from evolutionary biology: that the interaction of bio-organisms with physical reality must be such as to yield some rudimentary species-specific representative knowledge bits about parts of that reality, held by individuals of a species whether they be aware of it or not, since otherwise the bio-world would not be here. (There are indications that, notwithstanding his earlier opposition to naturalization, Popper had come round to some such view regarding what he called the 'empirical basis' from an earlier consensus-plus-repeatability stance on that basis.) It is further supposed that the adaptive utility for an organism (or for its species) of such knowledge bits would depend on two of their distinct aspects as regards epistemic fitness: the extent of the class of phenomena they capture, i.e. their scope, termed here integrative generality, and the extent of their projectibility, termed here projective generality.  It is thus supposed that via its action on bio-fitness natural selection would have also acted concomitantly, but distinctly, on two distinct aspects of knowledge bits: variation in their performance in the sense of scope, and variation in the projectibility of such performance within the relevant reality. Given such concomitant selection over an appreciable time, the relative extents of the two aspects of epistemic fitness may be expected to correlate: the more extensive the performance of a bit, the more extensive its projectibility and vice versa. Extent of projectibility would thus govern extent of the niche, or validity domain, of the bit, i.e. the domain in which the necessary relevant conditions for its projectibility obtain. Thus the present proposal locates the possibility of a modicum of objective and projectable physical knowledge in suggestions drawn from evolutionary biology.

But how could such rudimentary objective knowledge have grown in the human case - by and large via rational means - to a depth indicated by today's apparently objective physical theories? Could modern physics, with its comparatively rigorous critical approach - a much improved version of the mechanism thought to be responsible for the epistemic ascent in the evolutionary and pre-scientific historical contexts - have gone much further than what has been achieved in those earlier epochs, notwithstanding our very considerable, but apparently incomplete, biological determinations and sociological conditionings (Humean habits and customs)? An affirmative, albeit conjectural and untestable (metaphysically laden), response is suggested. It is based on the realisation that the foundational theories of physics satisfy a set of three common constraints (CC), which form the guiding context of physics: Coherence (both internal and external), Parsimony (theoretical economy), and Hamilton's Principle (HP). Whilst two of these constraints, Coherence and HP, are arguably of a rationally legitimate character, Parsimony is clearly laden with the induction/ apriorist dilemma. Nonetheless, parsimonious practice could have been rationally underpinned in at least inertial pre-general-relativistic physics, but perhaps also in the case of G.R.. This possibility arises because the foundational theories embed symmetric-structures - composites of symmetric and asymmetric hypotheses - that are apparently distinctly and validly testable (A valid test is one that could effect contact between the singular hypothesis tested and the test-phenomenon, consequent to that its attendant projection and model mediation problems could be resolved, via deductive-empiric means). Such tests generally occur via distinct predictions of distinct effects on the part of the embedding theory. Those predictions are engendered by components of the symmetric-structures, and the effects are noted in the overall corroborative success of the theory - its success achieved in tests, as indicated by its empiric adequacy hitherto. The apparent distinct and valid testability of the symmetric-structures suggests that their respective embedding theories could have been positively selected, via deductive-empiric means, from their apparently empirically equivalent but non-parsimonious alternatives, which cannot reproduce (satisfy) the relevant symmetric-structure. It turns out that such positive selection - which would rationally legitimate parsimonious practice - is necessary in order to validate an otherwise invalid negative selection process. Now a theory embedded symmetric-structure may be interpreted to be an hypothesis about the projectibility of the theory across its validity domain, the extent of which that structure appears to largely condition in the context of the above common constraints. Thus corroborative success encapsulates success that would be indicative of scope, as well as the distinct success stemming from the distinct tests of symmetric-structure, interpreted to be an hypothesis about the theory's projectibility. We are thus led to the idea that tests of foundational physical theories may mimic natural selection in exercising concomitant, but distinct, empiric control over the performance (in the sense of scope) and projectibility of the theories across test-intervals (spacetime intervals involved in tests) that are within their respective domains. 

The apparently distinct and valid empiric access to theory embedded symmetries and asymmetries - via their engendered predictions on the part of their theory - indicates that physical reality may possess a symmetric-structure, parts of which the symmetric-structure of a theory could reflect. Such reflection would make it possible for the theory to exploit that part in its projective uses - whether predictive (pragmatic) or retrodictive (explanatory) uses. It thus appears that in a sequence of comparable theories satisfying the above common constraints, the symmetric-structure of a theory may endow it with a comparative extent of projective generality - or comparative extent of invariance, or comparative extent of projectibility - across physical reality, with the extent of such generality determining the extent of the theory's domain. This situation suggests that within the confines of the above common constraints, the symmetric-structure of a theory (in a sequence of comparable theories) could be the source of its comparative extent of projectibility, and hence the source of its comparative degree of truthlikeness, where truthlikeness takes on the sense of symmetric-structure-likeness; with the likeness or similarity relation referring to likeness of common 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 of physical reality, taken here to be that of the Cosmos near the Big Bang); and importantly, comparative extents of symmetricity are roughly discernable. Comparative truthlikeness could account for comparative corroborative successes (successes thought to provide distinct deductive-empiric indications of the comparative integrative generality and of the comparative projective generality of comparable theories, given the projectibility interpretation of theory embedded symmetries: that they are hypotheses about the projectibility of their theory across specific arenas of its domain). So corroborative successes could indeed be indicators of truthlikeness, and hence have projective imports; but they would be imports with a deductivist-empiricist underpinning, because the distinct parts of those successes due to the relevant symmetric-structures – parts responsible for the projective imports of the successes – were obtained via distinct and valid tests. Thus the truthlikeness posit no longer depends on it being inferred projectively (inductively) from either corroborative or explanatory successes. 
On this view, testable symmetric and asymmetric hypotheses could have functioned as empiric guides toward theories of increasing truthlikeness within the confines of the above common constraints. And the distinct and valid empiric control exercised over the symmetric-structures of such theories across their test-intervals could have constituted good rationales for the projectibility of the theories, in both pragmatic and explanatory contexts, across their respective domains, wherever and whenever such domains are realised. 

Whilst the above symmetry-based stance is chiefly concerned with the Humean challenge to a realist interpretation of physical theories, it may also bear on the model mediation problem, which also challenges such an interpretation. For that stance indicates how a theory could connect with the phenomena in its domain (in and out of the laboratory), via its symmetric-structure, even if its models do not quite match those phenomena. A rational resolution of the projection (underdetermination) problem may thus also resolve, or at least mitigate, the model mediation problem. 

The idea that within the above guiding context physics may have resolved the projection and model mediation problems in respect of its foundational theories, thereby acquiring deep objective knowledge, rests on the following plausible posits:   

(1) Within the guiding context, physicists prefer the best corroborated theory, corroborated in the sense of corroborative success, as indicated by empiric adequacy hitherto. 

(2) Truthlikeness governs comparative corroborative success.

(3) Truthlikeness is intertwined with projectibility in the sense that their extents correlate. 

(4) Theory-embedded symmetries and asymmetries are hypotheses about the projectibility, and restricted projectibility, respectively, of their embedding theory, across specific "arenas" that that theory entertains. They could thus govern that theory's validity domain or extent of comparative truthlikeness. 

(5) We have distinct and valid empiric access to such symmetric and asymmetric structures; an access that could have obviated the projection and model mediation problems attendant with their tests - hence the possibility of their truthlikeness - and thereby also obviated the projection and model mediation problems attendant with tests of their theories - hence the possibility of their truthlikeness. [Note that, notwithstanding (2), which suggests that success could be indicative of truthlikeness and that hence IBE could be sound, the idea of truthlikeness is not acquired via any form of IBE. Rather, it suggests itself as a possibility, given (3), (4), and (5).]
The stance leads to the following expectations all of which appear to be born out: 

           (1) All performance enhancing, apparently truthlike progressive steps, should have been effected by novel theories, with novel more extensive symmetric-structures, than the symmetric-structures of their predecessors, whether theories or laws. (Whilst comparative extents of similarity between the symmetricities of a sequence of comparable laws and theories, their S(T)s, and the maximal symmetricity of the true theory, its S(T0), are admittedly not discernible, comparative extents of the S(T)s are roughly discernible);

           (2) Progress in electrodynamics should have depended on the removal of the symmetric incongruity that characterises both Cl.E.D. and non-relativistic Q.E.D..(A symmetrically incongruous theory is one the spacetime and field equations of which satisfy clashing principal symmetries, e.g. Galilean and Lorentz.) Those feats were accomplished via Einstein's R.E.D. and relativistic Q.E.D. (the first exemplar of a Q.F.T.), respectively;

           (3) Deep progress in physics should have required taking on board both fundamental invariants, c (via S.R..), and h (via Q.T.). Thus in accord with the present stance, inertial physics went beyond the symmetric incompleteness of both S.R. - which fails to take account of h and hence of quantization and the symmetries that flow from it - and Q.T. - which fails to take account of c and hence of the Lorentz symmetry. And to progress from N.T.G. to G.R. required going beyond the inertial context. Although this latter step fails to take on board h, a future Q.G. theory will, of course, have to do so.
           Thus the projection problem, as it relates to the foundational physical theories, could have been obviated via the distinct and valid testability of their similar (in form) but also diverse (in content) symmetric-structures. The partial and differential reducibility of the rest of physics, and of the other physical and biological sciences, to the foundational theories of physics, or to some of their consequences, suggests how the rest of physics and the other physical and biological sciences could be truthlike: by partaking, in part and to diverse extents, in the epistemic benefits of the posited symmetric-structure of physical reality. The stance can thus give a very rough account of the successes of physical hypotheses, and of the gradation of the successes of comparable physical laws and theories, as well as of the successes of the physical and biological sciences, and of the gradation of their successes. 

The absence of any mathematical links between today's physical-biological and non-bio based psycho-social sciences indicates that the latter are not even minimally reducible to the former. They would thus be completely unable to partake in the epistemic benefits of the posited physical symmetric-structure. Although that is not an indication that those sciences are devoid of truth, it could nonetheless account for the gulf between their moderate successes and those of the physical and biological sciences. The complete irreducibility of the psycho-social sciences and their intended referents - mind and its products - points to mind's quasi-autonomy from its material sources, even though we do not (as yet?) understand how such autonomy could have arisen. The idea of a partly autonomous mind is, of course, in line with Popper's outlook, but it is in conflict with Hume's bleak view of a completely habituated mind.

The existence of a physical symmetric-structure, suggested by the distinct and valid testability of those of its sections that are relevant to the foundational physical theories, indicates that all hypotheses linked reductively, in part and to diverse extents, to those theories, could, in part and to diverse extents, exploit those sections in their epistemic (projective) functions. Consequently, all the physical and biological sciences could constitute objective, albeit fallible and approximate, knowledge. However, this account of the possibility that the physical and biological sciences have achieved objective knowledge admittedly depends on the posit that the above guiding context is an appropriate vehicle for effecting deep objective physical knowledge. On the other hand, it cannot reasonably be expected that deep objective physical knowledge could have come about via rational means, without some guiding context.
The proposed stance is thus based on the idea that apparent distinct and valid critical empiric control over the symmetric-structure of a foundational physical theory (one that satisfies the common constraints), across the theory's test-intervals that are but miniscule parts of its domain, constitutes a good rationale for the projectibility of the theory within its entire domain, for either explanatory or pragmatic aims, wherever and whenever such a domain is realised. The idea rests on interpreting the symmetric-structure of the theory to be the source of its valid projectibility domain - hence of its truthlikeness - the extent of which that structure appears to condition. Thus the apparent distinct and valid critical empiric control over the symmetric-structures of the foundational physical theories suggests that physicists may have inadvertently accomplished more than Popper thought possible about the following issues: (1) the positive rationalisation of the projectibility of the foundational theories of physics within their respective domains, and perhaps also the positive rationalisation of the projectibility of hypotheses mathematically linked to those theories, within their respective domains; and (2) the possibility of giving a largely critical rationalist account of the successful development of physics, and perhaps of the physical and biological sciences generally. 
