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In the cognitive sciences, multiple realizability is the phenomenon of one cognitive kind or process being 

actually or possibly realized by more than one relevantly different physical realizer. For example, we 

might think that the cognitive kind of memory is actually realized by different types of neural cells: 

humans have memories in virtue of their hippocampus, whereas bees have memories in virtue of their 

mushroom bodies. These are two very different kinds of structure. In the future, memory might even be 

realized by implanted silicon chips: that is, by something that is not neural at all. Multiple realizability 

has played a key philosophical role in many arguments. For example, it is often assumed that 

identification with a physical kind is a necessary condition on reductive explanation. If so, then reductive 

explanation of multiply realizable kinds is impossible. Or, if cognitive science is the science of mental 

“software” and computational software is multiply realizable, then there will be no reduction of cognitive 

science explanations to neural explanations. This antireductionist conclusion has been the main 

philosophical import of multiple realizability in discussions of cognitive science.

History

The phenomenon of multiple realizability first came to prominence in philosophy of mind as an 

argument against the 1950s mind–brain identity theory according to which sensations are identical or 

reducible to brain processes (Smart, 1959). The relationship between mental states and brain states is like 

the relationship between water and H2O. There is a one-to-one relationship between water and H2O: 

everything that is water is H2O, everything that is H2O is water, nothing that is not H2O is water, and 

nothing that is not water is H2O.

Hilary Putnam (1967) was the first to argue that mental states such as hunger or pain are multiply realized 

or multiply realizable. There are psychological states that, he claimed, can occur in mammals, reptiles, 

and mollusks, but it is unlikely that mammals, reptiles, and mollusks all have the same kind of brain 

states when they have hungers or pains. Mammalian brains have cortex, and reptilian brains do not, for 

example. So we cannot expect the sort of simple, one-to-one mapping like we find between water and H2O.

Putnam’s idea was further developed by focusing on various ways to arrive at the multiple realizability of 

cognitive states (Block & Fodor, 1972). These include the phenomena of neural equipotentiality (the 

theory that there is no intrinsic neural specialization, all neurons have the same potential) and plasticity 

(the idea that neurons can change what they do over time) and on the likelihood of artificial intelligence.

A key feature of many arguments for multiple realizability was analogies with computation. This was part 

of a general turn towards computational explanations as a key foundation for cognitive science (Neisser, 

1967). Computer software can be implemented or instantiated on different kinds of hardware. This means 

that there is no single physical process of all possible hardware that is occurring when the software 

process for “copy” is implemented.
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The above line of reasoning begins with the multiple realizability of the cognitive by the physical, infers 

that the cognitive cannot be reduced to the neural, and concludes by generalizing this conclusion to the 

so-called special sciences—that is, to all non-basic sciences, not just psychology or cognitive sciences 

(Fodor, 1974). If cognition cannot be reduced to physics, then it is unlikely that sociology or economics 

will either. If this is right, the reason that the special sciences cannot be reduced to the general or basic 

sciences is that the special sciences are just the sciences of the multiply realizable.

A core motivation for antireductionist arguments was to preserve cognitive psychology as an 

independent discipline. Because it deals in multiply realizable kinds, cognitive science ought to be 

relatively autonomous: no matter how physics and chemistry advance, they will never replace the 

cognitive sciences. The strongest versions of autonomy imply that cognitive science neither can nor 

should look to neuroscience for guidance: the two sciences cross-cut the world in equally valid ways 

(Dupre, 1993). This “antireductionist consensus” was further articulated and defended through the 1970s 

and 1980s (Putnam, 1975; Kitcher, 1984) and became the received view in philosophy of science by the 

1990s—especially in the philosophy of the cognitive and brain sciences. It remains the mainstream view 

in the philosophy of science and philosophy of mind.

Core concepts

Discussions of multiple realizability are frequently framed in terms of relations among natural kinds or 

properties, laws or regularities, and explanations. It is claimed that the property water can be identified 

with or reduced to the property H2O, but the property being a memory cannot be identified with or 

reduced to any single brain state or process. Again, it seems at least possible that people might augment 

memory with computer chips, in which case human memory would not even be neural.

It is useful to think of kinds, properties, and laws as being the things that are mentioned in the best 

explanations of cognitive phenomena. If the kinds that figure in a successful explanation are multiply 

realizable, then cognitive scientists can think of those regularities themselves as being multiply 

realizable; in that sense, the explanations may also be thought of as multiply realizable.

The formulation of multiple realizability in terms of kinds, for example, understood as taxonomic kinds 

in sciences, helps to make the empirical nature of the claim salient. For most theorists, the claim that 

some kinds are multiply realized is an empirical claim: scientists could find out that water is not multiply 

realized, that all water is H2O, or that all memory is implemented by the same kinds of neural processes 

in all creatures. But, as a matter of fact, scientists have discovered that this is not the case: there is no one-

to-one mapping. Memory is probably multiply realizable, and water is not.

Questions, controversies, and new developments

Early objections to multiple realizability arguments against identity or reduction challenged the claim 

that purportedly multiple realizable kinds really have nothing in common (Kim, 1972; Lewis, 1972; Enç, 
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1983). If all examples of memory are similar, then maybe there is a physical or neural property that they 

all share in common after all. Later objections challenged the claim that kind identification is necessary 

for explanatory or theoretical reduction (Richardson, 1979; Bickle, 1998; Sober 1999) or that multiply 

realized kinds can figure in causal explanations (Kim, 1993). More recent objections have directly 

questioned whether the phenomenon of multiple realizability is as widespread as has been assumed 

(Bechtel & Mundale, 1999; Shapiro, 2000; Polger & Shapiro, 2016; Chirimuuta, 2014; Cao, 2022) or whether 

researchers have good reason to expect they will discover more cases in the future (Polger & Shapiro, 

2016).

The most recent critiques focus on details of discoveries and methods in the neurosciences to argue that 

many apparent examples of multiple realization do not hold up to closer scrutiny (beginning with Bechtel 

& Mundale, 1999). One example is the famous case of “rewired” ferrets that can “see” even though their 

optic nerves have been redirected to auditory cortex (von Melchner et al., 2000). However, skeptics argue 

that the rewired ferret’s visual capacities are greatly deficient compared to control ferrets, and the 

manipulated auditory cortex has in fact developed some of the distinctive anatomical features of the 

controls’ visual cortex (Shapiro, 2000). This raises questions about whether the rewired ferrets are both 

the same as and also relevantly different from the control ferrets as well as broader questions about the 

role of neural plasticity in arguments for multiple realizability (Maimon & Hemmo, 2022).

Broader connections

The phenomenon of multiple realizability, and the argument from multiple realizability to irreducibility, 

has been applied broadly across cognitive science. It spurred the development of alternatives to identity 

(Kim, 1993) in order to capture the relationship between mind and body. The idea of multiple realizability 

was key to developing and articulating the computational theory of mind and artificial intelligence 

because computational properties are thought to be paradigmatic examples of multiple realizability.

Multiple realizability also plays a key role in the philosophy of science. Current debates about 

mechanistic explanation and the level of abstraction at which they ought to be pitched are also informed 

by the multiple realizability debate. Debates about whether some kinds are natural kinds [see Natural 

Kinds] depend on the relationship that natural kinds are meant to have to physical kinds: generally 

speaking, multiple realizability allows for a broader set of natural kinds.
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