
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Synthese

	
                        Article

The problem of variable choice


                    	S.I.: The Philosophy of Clark Glymour
	
                            Published: 11 July 2015
                        


                    	
                            Volume 193, pages 1047–1072, (2016)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Synthese
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	James Woodward1 


                        
    

                        
                            	
            
                
            1727 Accesses

        
	
            
                
            47 Citations

        
	
                
                    
                3 Altmetric

            
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
This paper explores some issues about the choice of variables for causal representation and explanation. Depending on which variables a researcher employs, many causal inference procedures and many treatments of causation will reach different conclusions about which causal relationships are present in some system of interest. The assumption of this paper is that some choices of variables are superior to other choices for the purpose of causal analysis. A number of possible criteria for variable choice are described and defended within a broadly interventionist approach to causation.
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	Discussions of “cognitive ontology” among cognitive neuroscientists such as Lenartowicz et al. (2010) are in effect debates about how to choose “cognitive” variables on the basis of neural information, with the suspicion being frequently voiced that our current stock of variables is unprincipled and often an obstacle to casual understanding.


	Thanks to Clark Glymour for this observation.


	Other examples: Should we think in terms of just one intelligence variable (g—for general intelligence) or many different forms of intelligence? Different choices will likely lead to different conclusions about the causal influences at work. Is it reasonable to conceptualize “risk-taking” as general tendency (i.e., a single variable) and then investigate its genetic etiology?


	To forestall an obvious criticism this is not the claim that variables should be chosen so that all possible interventionist dependency relations can be captured. My claim is merely that it is sometimes a defect in variable choice if it does not allow some such relations to be captured.


	For those worried that this characterization is overly restrictive, several additional considerations may be helpful. First, a number of the features of good variables on which I focus are also justifiable in terms of other frameworks for thinking about causal explanation. For example, stability or generalizability is a desideratum on many theories of causal explanation. Finding counterfactual supporting dependency relations is also a goal of many theories that do not think of those dependency relations in specifically interventionist terms. Second, even if successful causal explanation involves more than just the features on which the interventionist conception focuses, as long as that conception captures some relevant features of causal explanation, it may be a useful source of constraints on variable choice.


	For support for the empirical claim that common sense casual inquiry is guided by a preference for sparse causal representations in the sense described in Sect. 11, see Liu et al. (2008).


	Another clarification: an anonymous referee worries that talk of goals of inquiry makes the “the truth of causal claims depend on the circumstances and goals of an inquiry rather than merely the system in question” and “leads to an “interest-relative” notion of causation. This is a misunderstanding. First, as should be clear from my discussion above, by goals of inquiry, I have in mind broad cognitive aims like provision of causal explanations as opposed to, say, “prediction”, rather than the idiosyncratic preferences of particular investigators for certain variables (such as the preferences of some psychologists for only behavioral variables). Second, once these broad goals are sufficiently specified, I take it to be an “objective” matter, not dependent on further facts about anyone’s interests, whether certain choices conduce to the goals—it is the nature of the system under investigation that determines this. Thus, if the specified goal is to find variables that maximize predictive accuracy according to some criterion, it is empirical features of the system investigated which determine which variables will do this. Similarly, if one’s goal is causal explanation. If investigator X is not interested in causal explanation but instead just in prediction and chooses variables accordingly and investigator Y is interested in causal explanation and chooses variables accordingly, we should not think of this as a case in which the truth of causal claims made by X and Y somehow varies depending on X and Y’s interests or the variables they choose. Instead X is not in the business of making causal claims and if the predictive claims X makes are interpreted causally (e.g. as predictions of the outcomes of interventions) presumably many of them will be false. Thus once one decides to adopt the goal of casual explanation and fleshes this out in a specific way, one is locked into certain criteria for what constitutes success in this enterprise—or so I assume. I will add that the idea that there is a conflict between, on the one hand, representing causal relations “as they really are” and, on the other hand, thinking in terms of goals of inquiry is misconceived: representing causal relations as they are (and so on) just is one possible goal of inquiry.
Finally, in connection with “goals” let me acknowledge the role of an additional (obvious) consideration : even given the broad goal of causal analysis, different researchers may target different systems or different features of systems for analysis: researcher A may be interested in a causal analysis of the molecular process involved in the opening an closing of individual ion channels during the generation of the action potential, while researcher B is interested in causal understanding of the overall circuit structure of the neuron that allows it to generate an action potential rather than some other response. Again, I take this sort of interest-relativity to be no threat to the “objectivity” of the resulting causal claims.


	For a discussion of “obesity” as defective causal variable, see Hernan and Taubman (2008). For the opposite view with respect to race and gender, see Glymour and Glymour (2014).


	Suggested by Frederick Eberhardt. A similar proposal is made in Liu et. al. (2008), with the suggestion that variables and representations should be chosen so that causes have high causal power in the sense of Cheng (1997) with respect to their effects—see Sect. 11.


	This contrast between relational and non-relational criteria is due to David Danks.


	See Hitchcock (2012) for an application of this general strategy in connection with issues concerning the metaphysics of events.


	For example, one might take R to be a difference-making or dependency relationship of some kind appropriate to characterizing causation—R might be understood in terms of counterfactual dependence, statistical dependence or along interventionist lines. For each of these understandings of R, one can ask questions parallel to those described above about how the R-relation between variables behaves under various transformations of those variables.


	See Bass (2014, p. 8) for discussion. Basically this follows because the sigma-field generated by F(X) is a subfield of the sigma field generated by X and similarly for Y and G(Y). Hand-wavey proof in order to avoid measure-theoretic complications: Knowing the values of X conveys information about the values of F(X) but the latter can only be a subset of the information carried by the values of X. Similarly the information carried by the values of G(Y) can be thought of as a subset of the information carried by the values of Y. Thus if [image: ], then F(X) should not tell us anything about G(Y). If it did—if [image: ]—this could only happen because values of X contain information about values of Y.


	Proof: Assume for purposes of contradiction that F, G are bijective and (i) [image: ] but (ii) [image: ]. Then \(F^{-1}, G^{-1}\) are also functions, and hence from (ii) and (6.2), [image: ], which contradicts (i).


	A further thought is that the more interesting practical question is which transformations take relationships of dependency into relationships of “almost” independence—i.e., relationships that are sufficiently close to independence as to be indistinguishable from it for various purposes.


	A similar suggestion that independencies can be valuable is made in Danks (2014).


	See Spirtes (2009) for a similar observation. I am much indebted to this extremely interesting paper.


	Danks (personal communication) suggests that this notion of “independent manipulability” might be operationalized, in the case of structural equations and directed graph representations, in terms of the assumption of “independent noise distributions. ” That is, in cases in which each variable is influenced by an additive noise or error term, we might choose variables so that the distributions of the noise term are (approximately) independent of one another and perhaps also so that errors are independent of the other independent variables in the equations in which the errors occur. This corresponds to the idea that Nature can independently “manipulate” each variable. This idea is exploited in machine learning algorithms for causal inference.


	Indeed, I make use of a version of it in Author, forthcoming.


	Many philosophers, especially those with a metaphysical bent, may be inclined to resist the suggestion that considerations having to do with what we can actually manipulate should influence choice of variables for causal representation on the grounds that this makes variable choice excessively “pragmatic” or even “anthropocentric”. But (i) like it or not, “actually existing science” does exhibit this feature, and (ii) it is methodologically reasonable that it does—why not adopt variables which are such that you can learn about causal relationships by actually manipulating and measuring them and, other things being equal, avoid using variables for which this not true? Moreover, (iii) at least in many cases, there are “objective” considerations rooted in the physical nature of the systems under investigation that explain why some variables that can be used to describe those systems are manipulable and measurable by macroscopic agents like us and other are not. For example, any such manipulable/ measurable variable will presumably need to be temporally stable over macroscopic scales at which we operate. The physics of gases explains why, e.g., pressure has the feature and other variables we might attempt to define do not—again, see Callen (1985), who emphasizes the importance of considerations having to do with actual manipulability in characterizing fundamental thermodynamic variables. The contrast between “heat” and “work” represents another interesting illustration, since this is essentially the contrast between energy that can be manipulated by a macroscopic process and energy that is not so controllable. Presumably one does not want to conclude that this contrast is misguided.


	Very roughly this is because in cases of this sort, all these accounts employ (for this case) some variant on the following test for whether X taking some value x is an actual cause of Y taking value y: draw a directed graph of the causal structure, and then examine each directed path from X to Y. If, for any such path, fixing variables along any other path from X to Y at their actual values, the value of Y depends on the value of X, then X is an actual cause of Y. If RH and LH are employed as variables, then fixing LH at its actual value \(({LH=0})\), the arrival (A) of the train depends on the value of RH. On the other hand, if a single variable S is employed, there is only a single path from S to A. In this case the value of A does not depend on the value of S since the train will arrive for either value of S.


	Similar points hold for the representation of type-level causal relationships. Given a structure (i) in which distinct variables X and Y are represented as joint effects of a common cause C, we might instead (ii) collapse X and Y into a single variable Z represented as the single effect of C. (i) and (ii) involve different, non-equivalent assumptions about causal relationships. Criteria like those described above can be used to guide which choice is appropriate.


	To use Spirtes’ example, the variables might be ordered as \(<\)A,B,C\(>\), where each temporally indexed A variable is directly caused only by other A variables (which are not later in the ordering \(<\)A,B,C\(>\)), each temporally indexed B variable is directly caused only by A variables (which are not later in the ordering \(<\)A,B,C\(>\)), and each temporally indexed C variable is directly caused only by B variables (which are not later in the ordering \(<\)A,B,C\(>\)). The time-index free graph thus allows one to collapse the temporal structure in the original graph consistently with the causal ordering.


	Moreover, for any graph with a substantial number of variables, there will be a large equivalence class of such fully connected graphs that capture the (in)dependence relations. Absent some other source of information, one will not know which if any of these graphs is correct—a point to which I will return in Sect. 10.


	Of course there are other constraints as well that might be combined with CMC—one of the best known and most powerful is faithfulness in the sense of Spirtes et al. (2000). Reasons of space prevent consideration of this constraint interacts with variable choice.


	For more on stability, see Woodward (2006, 2010).


	In addition when purported causal relationships are relatively unstable, holding only in a narrow range of circumstances, grounds for worry about “overfitting” become more pronounced.


	At the risk of belaboring the obvious, let me emphasize that this is not a matter of the \(G \rightarrow R\) relationship being more likely to be true; it is rather that this relationship provides information about something that we want to know about.


	Note that this is a matter of the relation between, on the one hand TC and D, and on the other hand, LDC, HDC and D, thus again illustrating the theme that relations among variables matter for variable choice.


	For evidence regarding lay subjects in support of this claim, see Lu et al. (2008). The authors model causal learning within a Bayesian framework which assumes subjects have generic priors that favor the learning of what the authors call “sparse and strong” causal relationships over alternatives. Strength in this context means that causes have high “causal power” in the sense of Cheng (1997)—“power” is a stability-related notion. Sparseness means, roughly, that relatively few causal relationships are postulated—this is obviously related to specificity. Lu et al. present evidence that, as a descriptive matter, subject’s learning conforms to what would be expected if they were guided by such priors and they also gesture at a normative rationale for their use—they facilitate learning and have an information-theoretic justification in the sense that strong and sparse causes are more informative about their effects.
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