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                    Abstract
Characterizing different kinds of representation is of fundamental importance to cognitive science, and one traditional way of doing so is in terms of the analog–digital distinction. Indeed the distinction is often appealed to in ways both narrow and broad. In this paper I argue that the analog–digital distinction does not apply to representational schemes but only to representational systems, where a representational system is constituted by a representational scheme and its user, and that whether a representational system is analog or non-analog depends on facts about that user. This aspect of the distinction has gone unnoticed, and I argue that the failure to notice it can be an impediment to scientific progress.
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                    Notes
	See e.g., Von Neumann (1958).


	See e.g., Churchland and Churchland (2000).


	See e.g., Pylyshyn (1984) and Tye (1991).


	See e.g., Wynn (1992) and Gallistel et al. (2006).


	If necessary it is also possible to talk of the tertiary user, and so on.


	In this case of course, the primary user and the secondary user do not create and interpret the same representations. The primary user creates and interprets representations in the machine language. The human user creates and interprets representations in the computer’s input–output language.


	The view grows out of the history of the development of computing technology. Thus, Newell (1983) writes, “When computers were first developed in the 1940s they were divided into two large families. Analog computers represented quantity by continuous physical variables, such as current or voltages...Digital computers represented quantities by discrete states...”(p. 195). See also Von Neumann (1958).


	The accounts offered by Haugeland (1998), Maley (2011), and Montemayor and Balci (2007) do not face this same problem of implying that there are no analog systems. Thus in those cases I will argue directly that the accounts as they are imply that whether a system is analog or not depends on facts about its user. Therefore the discussion of Goodman’s account is considerably longer than each of the others.


	Goodman does not draw the distinction between schemes and systems in the way I am. But it will be part of the burden of my argument that his account of the a/d distinction implicitly assumes the notion of a user. I’m attributing the distinction as I use it to him, so as to make that argument clearer.


	Goodman at times suggests continuity and not density, but the distinction will not be relevant to my argument.


	Goodman’s account of the a/d distinction grows out of an account of notational systems for art, which according to Goodman serve to “[mark] off performances that belong to the work from those that do not” (1968, p. 128). There are further requirements that Goodman identifies for notational systems.


	For present purposes, it will suffice that a technique for differentiating characters and inscriptions is theoretically possible if it is imaginable, even if it does not exist.


	Note that here and elsewhere Goodman assumes that space–time is infinitely divisible. I take it this in fact remains an open question, but it will not affect my argument, so I grant it for present purposes.


	The way Goodman states this worry (quoted above) in fact employs a universal quantifier in the left-most position. But such a formulation will imply the one in-text, with the existential quantifier. The latter makes clear that the problem is an alternation of the universal quantifier on \(\mu \) with the existential quantifiers on \({ K }\) and \({ K }^{\prime }\).


	More specifically, although (G) is true of the set of straight marks, (G) does not imply (NFD), and (NFD) is not true of the set. In other words, although (G) is true of it, the set of straight marks is finitely differentiated.


	In fact, I think the notion of possibility in practice is more in the spirit of Goodman’s account anyway. After all, his account of the a/d distinction grows out of an account of the distinction between notational and non-notational systems, where notational systems are those systems that allow for unique identification of artwork. His project is thus at root pragmatic, even though Haugeland accuses him of “betray[ing] a mathematician’s distaste for the nitty-gritty of practical devices” (1998, p. 80). It therefore seems at odds with his project that some of the criteria he sets for notational systems are wholly theoretical.


	Of course, Haugeland developed his account well before the mass availability of “digital” photography.


	This is not quite precise enough. If space–time is not infinitely divisible, then it is possible for a typical carpenter using typical tools to cut a board to exactly six feet, but it is not possible for her to know that she has done so.


	See for example Horak (2000).


	Maley holds that the a/d distinction applies only to representations of number. Though they do not argue for it, most authors disagree, assuming that representations with all manner of content may be either analog or digital. Maley gives historical reasons for his view, but I will not address the topic here.


	Again, on my view a representational scheme is neither analog nor non-analog, but may with some users constitute an analog system and with others constitute a non-analog system. But no system will be both analog and non-analog.


	Note that Montemayor and Balci use ‘analog’, ‘metric’, and ‘magnitude–based’ interchangeably.


	Indeed, Montemayor and Balci call this the “resemblance constraint”.


	See e.g., Lewis (1971), Blachowicz (1997), Frigerio et al. (2013), and Schonbein (2014). See Dretske (1981) for a non-standard account, and for a closely related discussion see Cummins (1996) and Cummins et al. (2001).


	See Carey and Spelke (1996) for a useful discussion of looking-time methods and results.


	See Xu and Spelke (2000).


	See McCrink and Wynn (2004).


	Other models posit a system in which representations compress logarithmically as the number represented grows. See for example, Dehaene et al. (2008).


	
Katz (2013).


	See Spelke (2003) for a description of the process.
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