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Introduction  
The idea of reduction has surfaced in different forms throughout the 
history of science and philosophy. Thales took water to be the fundamental 
principle of all things; Leucippus and Democritus argued that everything is 
composed of small, indivisible atoms; Galileo and Newton tried to explain 
all motion with a few basic laws; 17th century mechanism conceived of 
everything in terms of the motions and collisions of particles of matter; 
British Empiricism held that all knowledge is derived from experiential 
knowledge; current physicists are searching for the TOE, the “Theory Of 
Everything,” that would unify the electromagnetic and the weak and strong 
nuclear forces with gravity. In a broad sense, all of these projects can be 
understood as (attempted) reductions, as they aim at revealing some kind 
of unity or simplicity behind the appearance of plurality or complexity. In 
philosophy of mind, reduction has figured prominently in the issue of the 
relation between the mind and the brain: Does the mind reduce to the 
brain? Do mental explanations reduce to neuroscientific explanations? 
Does psychology as a science reduce to neuroscience? And so on.  

But what exactly is “reduction”? Traditionally, it has been understood 
as the derivation of a theory to be reduced from a more fundamental 
theory. However, it is now widely accepted in philosophy of science that 
this traditional view fails to characterize actual scientific practice, or actual 
relations between sciences, at least when it comes to psychology and 
neuroscience. In philosophy of mind, reduction is commonly conceived as 
“functional reduction,” where reduction consists in defining a property1 
functionally and then finding the physical realizers that perform this 
function, but this model hardly fits scientific practice any better than the 
traditional model, and is plagued with philosophical problems.  

                                                 
1 Often it would be more natural to talk of mental capacities or functions or processes, 
but following the venerable tradition in philosophy of mind, I mainly talk about mental 
“properties” in this book (without assuming any particular metaphysical theory of 
properties). In some contexts I use the term “state” instead of “property,” but this 
subtle difference has no relevance for the arguments. I also talk about “mental” and 
“psychological” properties interchangeably and make no distinction between them. 
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In this book, I draw from recent developments in philosophy of 
science, and explore their consequences for the debates on reduction in 
philosophy of mind. I elaborate a pluralistic account of reduction, and 
show how and why more strongly reductionistic approaches fail. A 
pluralistic account of reduction might sound strange and contradictory. 
Aren’t reduction and pluralism mutually exclusive? What I hope to show 
in this thesis is that the answer is no. The kind of pluralism defended here 
is compatible with certain kinds of reductions or reductive explanations. 
And I argue that, in fact, there are no reductions to be expected in any 
stronger sense.  

This thesis is primarily intended as a contribution to the philosophy of 
mind and cognitive science, and what I am focusing on is the purported 
reduction of psychology (understood as an empirical science, not “folk 
psychology”) to neuroscience.2 The positions and arguments defended in 
this thesis do not necessarily apply to relations between other sciences, 
although I am happy if they do. The main target of my criticism is 
traditional analytic philosophy of mind, which has been largely guided by 
conceptual analysis and formal methods instead of actual science. If 
philosophy of mind is brought closer to actual science, it can also be more 
relevant to scientific endeavors of understanding the mind and 
consciousness.3 One of the most prominent proponents of the traditional 
analytic philosophy of mind is Jaegwon Kim, who receives the most 
attention in this thesis, partly because I am more familiar with his work 

                                                 
2 With “psychology” I mean the empirical study of human behavior and the mind, and 
with “neuroscience” the empirical study of the human nervous system. Of course, this 
distinction is becoming increasingly blurry, and is to some extent conventional. I make 
the distinction mainly for the sake of continuity with the traditions in philosophy of 
mind and philosophy of science, and it is in no way essential for the position defended 
in this thesis: if pluralism is the right approach, it is right regardless of whether or not 
there is a clear distinction between psychology and neuroscience. 
3 A distinction is sometimes made between neurophilosophers and philosophers of 
neuroscience. Neurophilosophers (e.g., Patricia Churchland, John Bickle) apply 
findings from neuroscience to traditional philosophical problems, such as free will or 
consciousness. Philosophers of neuroscience (e.g., William Bechtel, Carl Craver) 
consider traditional problems of philosophy of science with regard to neuroscience. 
My approach differs from both of these and is somewhere in between. I apply results 
and insights from philosophy of neuroscience (and philosophy of science in general) to 
address traditional problems in philosophy of mind. 
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than that of other philosophers of the same tradition (for example, Ned 
Block, David Chalmers, Frank Jackson, or Joseph Levine). Although I am 
criticizing Kim, it is beyond doubt that his contributions to philosophy of 
mind have been groundbreaking. I greatly admire him for the clarity and 
beauty of his philosophy and few philosophers have influenced my 
intellectual development as much as he has.  

While I was already halfway through writing this book, I came across 
an excellent recent work with aims strikingly similar to mine: Steven 
Horst’s (2007) Beyond Reduction. Horst is also arguing against 
reductionism, defending pluralism, and emphasizing the importance of 
bringing philosophy of mind closer to philosophy of science. Fortunately, 
there are also substantial differences in our arguments and conclusions. In 
contrast to Horst, mechanistic explanation and the interventionist account 
of causation play a key role in my arguments, and the “cognitive 
pluralism” of Horst is more far-reaching and radical than the pluralistic 
physicalism I am defending. Furthermore, Horst does not discuss the 
functional model of reduction, which receives a lot of attention in this 
thesis. On the other hand, he goes far deeper into the details of some other 
debates in the philosophy of mind, most importantly the debates on 
supervenience and the “explanatory gap.” Therefore, although the spirit of 
Horst’s book is very close to that of this one, the two are considerably 
different and complementary contributions to philosophy of mind.  

The structure of this thesis is as follows. In Part I, I will discuss 
reduction and reductionism in philosophy of science, focusing on 
psychology and neuroscience. I will go through the problems of the classic 
intertheoretic models of reduction and the more recent “ruthless” approach 
to reductionism, and defend a position consisting of two main elements: 
mechanistic explanation and the interventionist account of causation. This 
leads to explanatory pluralism regarding psychology and neuroscience. In 
the end of the part, I will also consider the issue of levels and its relation to 
reduction.  

In Part II, I will criticize the way reduction has been understood in 
philosophy of mind, based on what has been presented in Part I. I will go 
through classical topics like multiple realizability, functionalism, the 
explanatory gap, and nonreductive physicalism, and show how our 



 

 

10  

 

understanding of them is changed once we have a proper picture of 
reduction. An extensive and detailed section is devoted to criticizing the 
functional model of reduction, which has become something like a 
standard model in philosophy of mind.  

In Part III, I will present and defend a new framework for philosophy 
of mind. Its main elements are explanatory pluralism, mechanistic 
explanation, and the interventionist account of causation. I will also 
develop an ontological framework for this position, which consists of a 
kind of ontological pluralism based on the idea of robustness. 
Subsequently, I will show that the causal exclusion argument does not 
make this position incoherent, and that the position is compatible with 
certain forms of physicalism, to the extent that it could be called pluralistic 
physicalism. In the end, I will argue that many reductionist ideas fit 
perfectly into this pluralistic framework, including for example the thesis 
that all mental properties can be mechanistically explained.  
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Introduction 

In this part, I will discuss reduction4 as it has been understood in the 
philosophy of science of the 20th (and 21st) century. Going through the 
history (or prehistory) of reductionist ideas would be interesting, but this 
thesis is not a historical one, and therefore I will only discuss the models 
that are most relevant to contemporary debates. I will begin with the 
development of intertheoretic models of reduction that started in the 1950s, 
in the afterglow of logical positivism, and then go on to discuss more 
recent accounts of reduction, most importantly “New Wave Reductionism” 
and “Ruthless Reductionism.” I will argue that these approaches face fatal 
problems, at least in the case of psychology and neuroscience, and that 
“mechanistic explanation,” especially when supplemented with the 
interventionist account of causation, provides a more accurate and 
scientifically credible framework for approaching issues of reduction. In 
the end, I will consider the question of levels and its relation to reduction, 
focusing on the problems in current accounts of levels.  

 

                                                 
4 Throughout this thesis, I use the term “reduction” to refer to a single case of 
accomplished or purported reduction: the reduction of thermodynamics to statistical 
mechanics, the reduction of chemistry to physics, and so on. “Reductionism” refers to 
a broader thesis, according to which reductions are to be expected (a predictive claim) 
and/or desirable (a normative claim). Of course, different models of reduction yield 
different reductionisms, and one can be reductionist regarding some domains of 
science but not others. Therefore, for instance, “psychoneural Nagel reductionism” 
means the thesis that psychology will be or should be reduced to neuroscience 
following Nagel’s model of reduction. 
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1. Reduction: From Derivations of Theories to Ruthless 
Metascience 

By far the most influential philosophical models of reduction have been the 
“intertheoretic” models, where reduction is seen as a relation between 
formal theories. The development of intertheoretic models started in the 
middle of the 20th century, drawing on the spirit of logical positivism. The 
ultimate goal was to show how unity of science could be attained through 
reductions. John Kemeny and Paul Oppenheim (Kemeny & Oppenheim 
1956) formulated reduction as a relation between theories, where the 
reducing theory should be able to explain any observational data that the 
reduced theory explains, and the reducing theory should be at least as well 
systematized5 as the reduced theory. A few years later, Oppenheim and 
Putnam published their extremely influential ”Unity of Science as a 
Working Hypothesis” (1958), where they presented the hypothesis that all 
sciences will be reduced to the fundamental physical science via 
”microreductions.” In a microreduction, the higher-level entities to be 
reduced must be fully decomposable into the reducing entities of lower 
levels. Oppenheim and Putnam also adopted the conditions for reduction 
stated by Kemeny and Oppenheim (1956). That is, according to 
Oppenheim and Putnam, a theory T2 microreduces to theory T1 if and only 
if (1) any observational data explainable by T2 are explainable by T1, (2) T1 
is at least as well systematized as T2, and (3) all the entities referred to in 
T2 are wholes which are fully decomposable into entities in the universe of 
discourse of T1. This is in effect a model of replacement, since the 
successful microreduction makes T2 entirely dispensable. This account 
suffers from serious defects that I will only briefly mention here (see, e.g., 
Sklar 1967 for more details): it assumes that we can clearly distinguish 
between observational and non-observational terms, the notion of 
systematization or systematic power is not clearly defined, and it is hard to 
find examples from history of science that would satisfy the requirements.  

                                                 
5 A theory is well systematized if it is simple but predicts or explains a broad range of 
phenomena. That is, systematization or systemic power is a measure that combines 
simplicity and strength. Kemeny and Oppenheim acknowledge the need for a more 
precise definition, but do not give one in the paper.  
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Also in Nagel’s (1951; 1961, 336-397) classic account of reduction, 
many ideas of logical positivism are clearly visible. Reduction is seen as a 
relation between formal theories, such that the theory to be reduced (T2) is 
logically derived from a more fundamental theory (T1). Conditions for a 
successful reduction are that (1) we can connect the terms of T2 with the 
terms T1, and that (2) with the help of these connecting assumptions we 
can derive all the laws of T2 from T1. In Nagel’s model, a reduction can be 
seen as a kind of deductive-nomological explanation, where T1 explains T2.  

Nagel distinguished between two different kinds of reductions: 
“homogeneous” and “heterogeneous” reductions. In a homogeneous 
reduction the two theories share the same conceptual apparatus. For 
example, the reduction of Galileo’s laws to Newtonian mechanics was a 
homogeneous reduction. However, most (interesting) cases of reduction 
are heterogeneous reductions, where one of the theories has concepts not 
found in the other. In these cases, in order to satisfy the two conditions for 
reduction, we need some principles or laws that connect the terms of the 
two theories. The exact nature of the connecting principles, or “bridge 
principles/laws” as they came to be called, was left open by Nagel, and has 
been a matter of much debate. Although the conditions of a Nagel-type 
reduction can be fulfilled already when these laws express material 
conditionals of the form “∀x (FT1x  FT2x)” (e.g., Richardson 1979), it 
was widely accepted that biconditionals of the form “∀x (FT1x ≡ FT2x)” are 
necessary for the ontological simplifications that were considered to be one 
of the main goals of reduction.  

Nagel presented the reduction of thermodynamics to statistical 
mechanics as a paradigmatic example of a successful scientific reduction. 
He focused on the derivation of the Boyle-Charles’ law for ideal gases (pV 
= kT, where p is the pressure of the gas, V is the volume of the gas, T is the 
absolute temperature of the gas, and k is a constant) from statistical 
mechanics, pointing out that the derivation of the whole thermodynamics 
would be immensely complicated, and that even for the derivation of the 
Boyle-Charles’ law many idealizing assumptions have to be made: one has 
to assume, for example, that the gas is composed of a large number of 
perfectly elastic spherical molecules with equal masses and volumes but 
with dimensions that are negligible compared to the distances between the 


