
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Synthese

	
                        Article

Evidence, explanation and enhanced indispensability


                    	
                            Published: 11 June 2014
                        


                    	
                            Volume 193, pages 403–422, (2016)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Synthese
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Daniele Molinini1 


                        
    

                        
                            	
            
                
            504 Accesses

        
	
            
                
            7 Citations

        
	
                
                    
                3 Altmetric

            
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
In this paper I shall adopt a possible reading of the notions of ‘explanatory indispensability’ and ‘genuine mathematical explanation in science’ on which the Enhanced Indispensability Argument (EIA) proposed by Alan Baker is based. Furthermore, I shall propose two examples of mathematical explanation in science and I shall show that, whether the EIA-partisans accept the reading I suggest, they are easily caught in a dilemma. To escape this dilemma they need to adopt some account of explanation and offer a plausible answer to the following ‘question of evidence’: What is a genuine mathematical explanation in empirical science and on what basis do we consider it as such? Finally, I shall suggest how a possible answer to the question of evidence might be given through a specific account of mathematical explanation in science. Nevertheless, the price of adopting this standpoint is that the genuineness of mathematical explanations of scientific facts turns out to be dependent on pragmatic constraints and therefore cannot be plugged in EIA and used to establish existential claims about mathematical objects.
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                    Notes
	Metaphysical realism about mathematical entities is the belief that mathematical entities exist, and that this existence is mind- and language-independent.


	This argument appeals to the notions of indispensability and quantification. However, Mark Colyvan has observed that it makes an implicit use of the Quinean doctrines of confirmational holism and naturalism (Colyvan 2001, p. 11). Actually, there are various versions of the Quine-Putnam indispensability argument. The version that explicitly makes reference to quantification over mathematical entities is generally attributed to Quine and Putnam and is the version which is commonly discussed in the literature. For alternative formulations of the argument see also Colyvan (2001), and Panza and Sereni (2013).


	For instance, Mary Leng has rejected the argument on the grounds that mathematical explanations need not have true explanans, and therefore the objects posited by such explanations do not necessarily exist (Leng 2005).


	Of course, not all the criticisms to EIA adopt \((\alpha )\) or \((\beta )\) as basic strategy. For instance, the criticism put forward by Christopher Pincock does not appeal to nominalistic reconstructions and it supports the claim that mathematics plays an explanatory role in science.


	Note that this does not amount to say that \(T\) must offer explanations without employing a mathematical vocabulary. This formulation is very general and allows not only for \(T\)* to be a theory in which other mathematical entities (i.e. entities belonging to a mathematical theory different from \(M\)) yield explanatory power but also for \(T\)* to be a nominalized version of \(T\).


	Here the notion of ‘indispensability of entities’ essentially makes reference to the mathematical theory to which these entities belong. Otherwise, to speak of mathematical entities tout court would be meaningless. On a similar characterization of indispensability and on the necessity to speak of indispensability of entities belonging to a mathematical theory see Panza and Sereni (2013, Chapter 6).


	It is easy to stretch (E-DISP) in order to make it as explicitly referring to some entities. Nevertheless, for simplicity of notation, in (E-DISP) I make reference to the dispensability of a single mathematical entity \(x\).


	I am grateful to one of the anonymous referees for drawing my attention to the following point: It might be thought that there exist cases in which an entity \(x\) could be explanatorily dispensable to a scientific theory, however the mathematical theory \(M\) is not. This scenario, which is not explicitly covered by my (E-DISP) criterion, is prima facie plausible and corresponds to a situation in which different entities from the very same mathematical theory are used to explain a scientific phenomenon within a scientific theory. Although reasonable, as far as I know there is no evidence in the literature on mathematical explanation of these sort of cases. Nevertheless, my rough intuition is that different entities belonging to a same mathematical theory \(M\) can always be expressed in terms of the vocabulary of that theory and therefore this scenario collapses to a specific setting that (E-DISP) allows for.


	Offering a formal definition of how explanatory dispensability of entities might not affect the whole scientific theory but only a fraction of the theory is a complex issue that I will not pursue here. Although I presume that this further distinction might be made more formal, I shall not integrate it in (E-DISP). Instead, for the sake of the discussion at least, I shall leave this idea on an intuitive level and in the next section I shall offer a concrete example in which explanatory dispensability affects only a fraction of a scientific theory.


	An orthogonal matrix \(\mathbf {A}\) is a real square matrix with the following property: the transpose matrix of \(\mathbf {A}\) coincides with the inverse of \(\mathbf {A}\). The class of \(n \times n\) orthogonal matrices is a group under matrix multiplication. The group of real orthogonal \(n \times n\) matrices is called the orthogonal group, and it is denoted by \(O(n)\). Every orthogonal matrix has determinant either \(+1\) or \(-1\), and the special orthogonal group, denoted by \(SO(n)\), is the subgroup of \(O(n)\) formed by the orthogonal \(n \times n\) matrices with determinant +1.


	At least, this is the feeling that I had reading his papers explicitly devoted to the subject, where there is no claim that Steiner’s case study concerning the displacement of a rigid body around a fixed axis is not a genuine mathematical explanation of a physical phenomenon (cf. Baker 2005, 2009, 2012).


	On purity of methods see Detlefsen (2008) and Detlefsen and Arana (2011).


	Although I am following Colyvan here, this is a delicate point. Indeed, there is no consensus among physicists and philosophers on the fact that the Minkowski metric is explanatory. For instance, it might be thought that the basic explanation of relativistic effects such as the length contraction is that rods and clocks are embedded in Minkowski spacetime, with its flat pseudo-Euclidean metric of Lorentzian signature. And therefore the metric would turn out to be a mere heuristic device that encodes the facts about the behaviour of rods and clocks (cf. Brown 2007; Smart 1990). I thank an anonymous referee for having brought my attention to this important point.


	Note that here I am following Colyvan in considering a geometrical explanation as genuinely mathematical (cf. also Lyon and Colyvan 2008). And this intuition seems to reflect the opinion of various physicists and philosophers. For instance, Clifford Truesdell observed that “rational mechanics is mathematics, just as geometry is mathematics” (Truesdell 1967, p. 47). Pure Euclidean geometry is mathematics, and it is when it is interpreted so that the geometric points are taken to be representations of positions in actual space that the (interpreted) theory becomes a physical theory of space (Einstein 1923; Carnap 1966, p. 183).


	Although SpecRel consists of only four axioms, the details of how the axiomatixation is put in place are fairly technical and they are not essential to the point I want to make here. This is the reason why I am skipping here the technicalities and I am reporting only a general account of how SpecRel is built. The interested reader will find a comprehensive treament of SpecRel in Andréka et al. (2002) and in chapter 3 of Székely (2009). Andréka et al. (2002) only develops special relativity. However, in Andréka et al. (2012) the 2002 theory is extended to general relativity.


	In passing, let me note that the example of the length contraction explained by using ZF represents an exemplar of a case in which a mathematical explanation can be rephrased in first-order logic. Alan Baker claims that no first-order paraphrase of the number-theoretic apparatus invoked in the explanation of cicada life cycles is possibile (Baker 2009, pp. 618–619). On the other hand, in the length contraction case this paraphrase can be offered.


	One of these examples, the explanation of the length contraction through StandSpecRel, has been explicitly considered by Mark Colyvan in connection with the notion of explanatory indispensability (of mathematical entities) that appears in EIA.


	The real orthogonal and real special orthogonal groups have, of course, geometric interpretations. However they are defined in different mathematical theories and are therefore different mathematical entities.


	There might be, of course, other cases of mathematical explanations in science for which the validity of IBE and EIA could still be maintained. And my argument here is not a general one and does not rule out these situations. By taking into consideration Baker’s example, however, what I want to suggest here is that as far as the genuine character of these explanations will be grounded in (EVID), the examples will face the same problem that affects Baker’s case, namely that (EVID) seems to be a rather weak criterion in order to apply IBE and EIA. Again, whether the EIA-supporter has (EVID) alone in her hands, the burden of the proof is still on her side.


	Obviously, it would take more space than I have to illustrate here how the account proposed in Molinini (2011) fits the case of the logical relativity theory project. Nevertheless, such an analysis is provided in Friend (2012), so I shall not reproduce it here but I shall offer only the general strategy.


	Similarly, the perspective on mathematical explanation in science offered in Molinini (2011) can be used to account for the two mathematical explanations of the existence of an instantaneous axis of rotation. For instance, in Euler’s explanation geometrical reasoning is the intellectual tool used by Euler. For Euler geometrical reasoning defines a natural, ‘pure’ conceptual path which leads us from the content of the theorem to the result. This intellectual tool is used on a reconceptualization permitted by the use of the concepts of Euclidean geometry.


	In passing, note that this account is compatible with the pluralist positions put forward by others philosophers engaged in the debate on mathematical explanation in science, as for instance those proposed by Christopher Pincock and Robert Batterman (Molinini 2011, Chapter 8).
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