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Reduction is a procedure whereby a given domain of items (for example, objects, properties,
concepts, laws, facts, theories, languages, and so on) is shown to be either absorbable into, or
dispensable in favour of, another domain. When this happens, the one domain is said to be
‘reduced’ to the other. For example, it has been claimed that numbers can be reduced to sets (and
hence number theory to set theory), that chemical properties like solubility in water or valence
have been reduced to properties of molecules and atoms, and that laws of optics are reducible to
principles of electromagnetic theory. When one speaks of ‘reductionism’, one has in mind a
specific claim to the effect that a particular domain (for example, the mental) is reducible to
another (for example, the biological, the computational). The expression is sometimes used to
refer to a global thesis to the effect that all the special sciences, for example chemistry, biology,
psychology, are reducible ultimately to fundamental physics. Such a view is also known as the
doctrine of the ‘unity of science’.

1. Reduction by derivation and definition

Unity and simplicity are often touted as important virtues achieved through reduction (see Unity
of science). By reducing one domain to another, we show the reduced domain to be either part of
the second or eliminable in favour of it. Depending on the nature of the entities reduced,
reduction will, therefore, promote ontological or conceptual economy and unity. When numbers
have been reduced to sets, numbers no longer need be countenanced over and above sets;
numerical concepts can be explained in terms of notions involving only sets; and laws about
numbers follow from principles about sets. There will often be an explanatory gain as well: when
gas laws are reduced to principles of statistical mechanics, via the kinetic theory of gases, we
have an explanation of why these gas laws hold to the extent that they do — why the pressure,
temperature and volume of gases behave (roughly) in accordance with the gas laws.
Furthermore, reduction is sometimes thought of as a way of vindicating or grounding a possibly
suspect domain of entities; if number theory is successfully reduced to logic, as Frege claimed,
that would show number theory to be as firm and well-grounded as laws of logic. If the mental
realm is reducible to the physical-biological domain, this would remove whatever problems and
doubts might becloud the scientific status of the mental. Such are the thoughts and aspirations
that inspire and sustain reductive projects and reductionisms.
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There are apparently simple cases of reduction in which logical-mathematical derivation alone
suffices for reduction. When Galileo’s law of free fall or Kepler’s laws of planetary motion are
derived from the principles of Newtonian mechanics in conjunction with applicable force laws
(see Mechanics, classical §2), they are reductively absorbed into a more general and
comprehensive theoretical framework.

According to logical behaviourism, mental expressions are definable — that is, given synonymous
translations — in terms of expressions referring to actual or possible behaviour (‘behaviour
dispositions’). Logical behaviourism, therefore, exemplifies an attempt to reduce the mental to
the physical-behavioural through definition (seeBehaviourism, analytic). Thus, one way to
reduce a domain of expressions, or concepts, is to provide each expression with a definition
couched solely in the expressions of the base domain. On the assumption that synonymous
expressions refer to the same entities, a definitional reduction would also accomplish an
ontological reduction: entities referred to by the first group of expressions have been shown to be
among those referred to by the second group.

Reduction becomes more complex for domains that do not yield to direct derivational or
definitional relationships, as in the case of reductions involving theories each with its own
distinctive vocabulary, for example the reduction of thermodynamics to statistical mechanics.

2. The Nagel model of reduction

Ernest Nagel (1961) articulated a model of reduction for scientific theories that has served as the
principal reference point in discussions of reduction (see Theories, scientific). The guiding idea
of this model remains derivation, but Nagel saw that to derive laws of a theory from another
which does not share the same vocabulary, certain ‘bridge principles’ must be assumed as
additional premises. Consider two theories, T; and T, each with its distinctive vocabulary,

V1 and V,, where T is the candidate for reduction and T; the reduction base. Theories in this
context are construed as sets of laws. Nagel’s model requires that there be connecting laws,
standardly called ‘bridge laws’, correlating terms of V, with terms of V1. What form do such
laws take and how many are needed for reduction? The simple answer is that they must be
available in sufficient numbers and be sufficiently powerful to enable the derivation of T,-laws
from T1-laws. But that depends on the strengths of the specific theories involved. The only
general requirement worth considering, therefore, is the following:

The condition of connectibility: For each primitive n-place predicate F of V,, there is a
predicate G of V4, such that for any xj, ..., x, (in the domain of entities covered by the two
theories), it is a law that F (xy, ..., x,) if and only if G (X, ..., Xn).

Thus, each predicate of the theory to be reduced must be connected, via a biconditional law, with
a nomologically coextensive predicate of the reducer. These bridge laws in effect licence the


https://www.rep.routledge.com/articles/biographical/galilei-galileo-1564-1642/v-1
https://www.rep.routledge.com/articles/biographical/kepler-johannes-1571-1630/v-1
https://www.rep.routledge.com/articles/thematic/mechanics-classical/v-1/sections/newtons-laws-of-motion-second-law
https://www.rep.routledge.com/articles/thematic/behaviourism-analytic/v-1
https://www.rep.routledge.com/articles/biographical/nagel-ernest-1901-85/v-1
https://www.rep.routledge.com/articles/thematic/reduction-problems-of/v-1/bibliography/reduction-problems-of-bib#Q089BIBENT12
https://www.rep.routledge.com/articles/thematic/theories-scientific/v-1
https://www.rep.routledge.com/articles/biographical/nagel-ernest-1901-85/v-1

rewriting of every T,-law as a T;-statement; in general, they enable the translation of T,-
statements into the language of T;. Thus, the only difference between Nagel reduction and
definitional reduction is that in the former the translation is underwritten by empirical laws
whereas in the latter it is based on meaning equivalences.

There is a sense in which the condition of connectibility alone guarantees reduction: if any T;-
rewrite of a T,-law is not derivable from the laws of T; as they stand, simply add it to T; as a
new law (assuming it, as well as the original T1-laws, to be true). This would extend the base
theory, but not its vocabulary; and the extension would be warranted since the base theory was
incomplete in failing to capture a true law statable in its vocabulary: namely, the T1-rewrite of
the T,-law.

It is evident that when a theory has been derivationally reduced, it is conserved as part of the
base theory; its laws are shown to be ‘derivative laws’ of a more comprehensive theory.
Moreover, the condition of connectibility ensures that the properties posited by the reduced
theory find their nomic equivalents in the reduction base, with which they may ultimately be
identified when a successful reduction becomes entrenched. Thus, Nagel reduction is a species of
‘conservative’ (or ‘retentive’) reduction, which conserves, and can legitimize, that which is
reduced; it contrasts with ‘eliminative’ reduction which dispenses with what has been reduced.

3. Emendations to the Nagel model: the Kemeny—Oppenheim model

Nagel’s model has been criticized on various grounds, of which the following three are perhaps
the most important. First, biconditional bridge laws are too weak, and must be strengthened into
identities if they are to yield genuine reductions (Sklar 1967; Causey 1977). We need, it is
argued, the identity ‘temperature = mean molecular kinetic energy’, not just a law that merely
affirms covariance of the two magnitudes. As long as the reduction falls short of identifying
them, there would be temperatures as properties of physical systems ‘over and above’ their
microstructural properties. Moreover such correlations (‘nomological danglers’) cry out for an
explanation: why does temperature covary in just this way with mean molecular kinetic energy?
By identifying them we provide a short and conclusive answer: because they are in fact one and
the same.

Second, the reduced theory is often only approximately true, and its laws are derivable only
under special simplifying assumptions (which, strictly speaking, are false). For example, in
deriving the gas laws in kinetic theory of gases, one has to make various assumptions, such as
that collisions between molecules are perfectly elastic, that molecules are point masses, and so
on. And the laws hold only approximately and within a fairly narrow range of conditions. Third,
it is often pointed out that the condition of connectibility, which requires biconditional bridge
laws, is unrealistic and can seldom be satisfied. Thus, temperature cannot, it is claimed, be
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uniformly correlated, or identified, with a single micro-based property; it may be mean kinetic
energy of molecules for gases, but something else for solids or in vacuums.

As a response to the second criticism, it has been suggested (Schaffner1967; Churchland 1986)
that the reduction of T, to Ty should require only that a corrected version of T, (or its ‘image’ in
Ta), rather than Titself, be derivable from T;. We may also explicitly allow special limiting
assumptions of the sort mentioned earlier. But to what extent can we correct or revise a theory
without turning it into another theory? Obviously, the required corrections must be such as to
yield the necessary bridge laws or identities, but there is no guarantee that any reasonable
amount of tinkering will suffice to accomplish this. This takes us back to the last of the
objections mentioned above.

Kemeny and Oppenheim (1956) proposed a model of reduction that departs extensively from the
Nagel model, giving us a broader conception of reduction that does not require connecting
principles between the theories involved. The gist of the new model can be stated thus:

T, is Kemeny—Oppenheim reduced to T; just in case all observational data explainable by T, are
explainable by T;. This definition can, and should, be understood in a way that does not
presuppose a context-independent theory—observation distinction or any special conception of
explanation. The core idea here is that anything, be it an observation or a low-level empirical
generalization or law, that the reduced theory can explain, or predict, should be explainable and
predictable by the base theory. The base theory, then, is at least as powerful, as an explanatory
and predictive instrument, as the theory being reduced, making the latter at best otiose. This
means that the reduced theory is ripe for elimination — unless, that is, it is also Nagel-reducible,
and hence conserved as a subtheory of the reducer. Notice that any case of Nagel reduction is
also a case of Kemeny—-Oppenheim reduction (at least, on the standard deductive-nomological
account of explanation; see Explanation §82). Unlike the Nagel model, the Kemeny—-Oppenheim
model requires no direct relationship between the reduced theory and its reducer; in particular, it
involves no bridge laws of any form. In fact, the reduced theory may be false and the reducer
true. However, it assumes that the two theories concern the same domain of phenomena (at least,
that the domain of the reduced theory is included in that of the reducer). In any case, the
Kemeny—Oppenheim model allows the replacement, or elimination, of the reduced theory, and
hence can serve as a model of ‘eliminative’ reduction.

4. Microreduction and microdeterminism

A pervasive trend in modern science has been to explain macrophenomena in terms of their
microstructures, and reduce theories about the former to theories about the latter. Examples
abound in the physical and biological sciences. The reduction of thermodynamics to statistical
mechanics (see Thermodynamics), the reduction of optics to electromagnetic theory (see Optics
81), the successes in solid-state physics and molecular biology (see Genetics;Molecular
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biology; Sociobiology), and a host of other examples appear to attest to the fruitfulness of
microreduction as a research strategy (Oppenheim and Putnam 1958).

Both the Nagel and the Kemeny—Oppenheim models can be applied to microreduction. What is
needed is the idea that one theory is amicrotheory in relation to another. The rough idea is that
the microtheory deals with objects that are proper parts of the objects in the domain of the
macro-theory. More specifically, the domain of the microtheory will include objects that are
parts of the objects in the domain of the macrotheory; in addition it will include aggregates of
these micro-objects, and aggregates of aggregates, and so on. And the objects of the macrotheory
are identified with certain complex aggregates in this domain. Moreover, the microtheory has a
set of properties and relations characterizing its basic micro-objects, and will generate complex
properties for aggregates of these objects from the basic properties and relations. These micro-
based properties (for example, mean molecular kinetic energy of a gas) of aggregative structures
of micro-objects are important for reduction: in Nagelreductions, it is these micro-based
properties that will be correlated (or identified) by bridge laws with the properties of the
macrotheory; in Kemeny—-Oppenheim reductions, they will be needed in providing explanations
of the data explained by the macrotheory.

The metaphysical underpinning of microreduction is the principle

ofmicrodeterminism or mereological supervenience: properties of a whole are wholly determined
by, or supervenient on, the properties and relations characterizing its proper parts. No matter how
complex an object (say, a human being, a planetary system) may be, if you put together
qualitatively indistinguishable parts in the same structural relationship, you will get an exact
duplicate of that object (barring basic physical indeterminacies). It is the task of science, then, to
identify a physically significant decomposition of a whole into parts and develop a microtheory
about these parts that will explain why the whole has the properties it has.

5. Multiple (or variable) realization and reduction

One influential objection often deployed against the claim that a given theory is reducible to
another is ‘the multiple realization argument’. This argument was initially developed as an
objection against mind—body reduction, but has been used to argue for the impossibility of
reduction almost everywhere (Fodor 1974). Consider a higher level property, such as pain: pain
as a psychological state is ‘realized’ by diverse physical-biological processes in widely divergent
organisms and structures. The neural realizer of pain in humans probably has little in common
with its realizer in octopuses; nor can we a priori exclude the nomological possibility of pain in
inorganic electro-mechanical systems. This means that there is no single physical-biological state
which could be correlated, or identified, with pain in a biconditional bridge law, and this defeats
Nagel reduction of any theory of pain to an underlying physical-biological theory, as well as
reductive identification of pain with a physical-biological state. The same argument is often
applied to biological concepts, such as ‘heart” and ‘digestive system’, functionally defined
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physical concepts like ‘carburettor’ and ‘thermometer’, and dispositional concepts like
‘transparency’ and ‘water solubility’.

Notice that the multiple realization argument does not touch Kemeny—Oppenheim reduction in
general, but works only against Nagel reduction which, as we saw, aims to conserve the reduced
higher level properties. In any case, one reply that is usually rejected is this: why not reduce pain
to a disjunction of its diverse physical realizers? But given the kind of extreme diversity
involved, such disjunctive states are unlikely to be projectible nomic properties and there cannot,
it seems, be a unitary theory dealing with them (Kim 1992). Another, more plausible, way of
dealing with the phenomenon of multiple realization is to lower our reductive aspirations: the
argument perhaps shows thatuniform or global reduction of pain is not feasible, but not that
human pain, octopus pain and Martian pain cannot each be locally reduced to human physiology,
octopus physiology and Martian electrochemistry, respectively (Kim 1992). Thus, multiple
realization is consistent with (in fact, it arguably entails) the local reducibility of higher level
sciences: for example, human psychology to human neurobiology, octopus psychology to
octopus neurobiology, and so on. One possible difficulty with this approach is that pain, when
considered multiply reduced to a set of diverse physical-biological bases, seems to lose its
integrity as a single mental state; pain as such appears either eliminated or else remains
unreduced outside the ontology of the lower level theories.

6. The primacy of physical theory

Physics is generally thought to be our basic science, the only science that aspires to ‘full
coverage’ of all of the natural world. But what does this mean? Does it mean that all the special
sciences — that is, laws and generalizations of these sciences and the properties posited by them —
are reducible to the basic laws of physics and fundamental physical properties? It used to be
thought that the primacy of physical theory was equivalent to global physical reductionism. This
view will be rejected by most philosophers. Many now doubt the possibility of reduction in
almost all areas of science, and downplay the scientific and philosophical significance of
reductions (although of course no one has seriously suggested that we would ever actually
achieve a single unified science in the vocabulary of basic microphysics). Some have argued that
even where reductions are possible, we lose important explanatory information about phenomena
in a given domain when we focus only on their microstructures and neglect the larger ‘patterns’
that emerge at macrolevels. These macropatterns are claimed to cut across microstructures, and
be capturable only by higher level laws (Fodor1974). These remain controversial issues,
however.

Views of this kind resemble the position of emergentism (Morgan 1923) on higher level
‘emergent’ properties. Those who hold these or related views often try to explain the primacy of
physical theory in a thesis of supervenience or determination, the claim that physical facts
(including physical laws) determine all the facts, or that worlds that are indiscernible in respect
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of all physical features are one and the same world (Hellman and Thompson 1975; Kim 1984).
However, the relationship between reductionism and various forms of the supervenience thesis
remains controversial and continues to be debated (Kim 1984).
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