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ABSTRACT 

As theory from cognitive psychology and clinical psychology are being formally 

included under the auspice of neuroscience, the question of integration arises. 

Reductionism and the mind-body problem provide a framework from which to examine 

this question. Reductionism highlights particular problems in attempting to explain the 

mental, experiential content of psychology in terms of neurobiology, such that identity 

claims cannot yet be made. Nonetheless, attempts to explain, and explain away the 

mental experiential content of psychology make themselves evident in contemporary 

neuroscience. Interactionism, as a method, is a viable option which respects the 

irreducibility of the mental, while allowing productive research to continue. 
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CHAPTER 1: WHAT IS REDUCTIONISM, AND HOW DOES IT RELATE TO  

     PSYCHOLOGY? 

 

It is not absurd to suppose that psychological laws may eventually be explained in terms 

of the behavior of individual neurons in the brain; that the behavior of individual cells—

including neurons—may eventually be explained in terms of their biochemical 

constitution; and that the behavior of molecules—including the macro-molecules that 

make up living cells—may eventually be explained in terms of atomic physics. If this is 

achieved, then psychological laws will have, in principle, been reduced to laws of atomic 

physics. 

  -- Paul Oppenheim 

 

 How can optics be explained by electromagnetism, or thermodynamics by 

statistical mechanics? The relation of scientific concepts, theories, and disciplines to each 

other has been a topic of interest for perhaps as long as the classical mechanics of the 17th 

century (Sarkar, 1992). Galileo developed the Method of Resolution and Composition, 

which says that to understand a phenomenon you need to break it into parts. According to 

Galileo, you then study these parts and attempt to derive the phenomenon from what you 

learn from the parts (Horst, 2007). This idea contributed greatly to classical mechanics, 

but it was not until 1949, according to Sahotra Sarkar (1992), that a rigorous analysis into 

the logic of scientific explanation was commissioned, by the philosopher Ernest Nagel. 

Nagel wanted to know the way in which Galileo’s parts relate to each other. 

 Nagel came out of the positivist-empiricist tradition, predominant in the first half 

of the 20th century (Hooker, 1981). For the positivists, deductive reason and the human 
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senses were the primary means of doing science; thus, when Nagel introduced his idea of 

inter-theoretic reduction (Sarkar, 1991), it was based primarily upon establishing logical 

connections between  concepts and laws (Hooker, 1981). ‘Reduction’ for Nagel was a 

form of explanation that evidenced, based upon logical deduction and empirical data 

collected in science, the relation between two things (Nagel, 1961). Reductive 

explanation says that when one concept, theory, or discipline can be explained by 

another, it has been ‘reduced’ by it (Horst, 2007). 

 In the philosophy of science, reductionism is a term that connotes a method for 

thinking about how science can be used to explain science. The word ‘reductionism’ has 

been accused of vagueness, and is frequently used pejoratively to mean all the things one 

does not like about science (Dennett, 1995), but reductionism has sparked many different 

ideas about scientific inquiry, and the plausibility of reductive explanation (Horst, 2007). 

 Nagel was not the first to use the word; it can be traced back in academic 

literature to W.M. Urban, in 1925. Urban uses it in a different way however, in analyzing 

the concept of evolutionism, he says that “evolutionism is reductionism” (p.93). He 

means that by showing that the complexities such as mind and life emerge from different 

things then they are shown not to evolve at all (Urban, 1925).  Urban does not mean the 

word here but in the general sense of explanation-by-components, akin to Galileo’s 

method. If taken in this broad sense, reductionism has existed since the time of the 

ancient Greeks, who thought for a time that all things were composed of the primal 

elements.  

 It was not until Nagel that the word took on its specific and operational meaning, 

which is currently employed in philosophy (Hooker, 1981). The Oxford English 

Dictionary (2009, p.1) defines reductionism as: 
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  The practice of describing or explaining a complex (especially mental, social, or 

 biological) phenomenon in terms of relatively simple or fundamental 

 concepts, especially when this is said to provide a sufficient description or 

 explanation; belief in or advocacy of such an approach. 

Analogously, the Stanford Encyclopedia (2008) of philosophy says the following about 

reductionism (p.1): 

  The basic question of reduction is whether the properties, concepts, explanations, 

 or methods from one scientific domain (typically at higher levels of organization) 

 can be  deduced from or explained by the properties, concepts, explanations, or 

 methods from  another domain of science (typically one about lower levels of 

 organization). 

For this thesis I draw from both of these descriptions, as well as those who have written 

on reductionism, in the wake of Nagel. Following his description of the logical 

contingencies of reduction, philosophers attempted to apply reductionism to extant 

sciences. Initial debates on reductionism were concerned with the basal disciplines: 

physics and chemistry (Sarkar, 1992). But since its inception in the 1950’s, reductionism 

has extended beyond the bounds of physics and chemistry, into the special sciences 

(those sciences that, as of yet, have not been explained by physics). It has also branched 

out into the philosophy of mind (Horst, 2007).  

 Steven Horst says in his book, Beyond Reductionism, that currently the aprioristic, 

mathematical approach espoused by the logical empiricists has been abandoned. He says 

that philosophy of science is more concerned with studying the methods of specific 

scientific disciplines (Horst, 2007), and that the treatment of science in terms of reductive 

explanation has passed on. But while philosophy of science may be beyond reductionism, 
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Horst goes on to say that it continues on in the philosophy of mind (Horst, 2007); 

particularly, he sees reductionism in philosophy of mind as concerned primarily with the 

necessity of being able to explain the special sciences in terms of the physical sciences 

(Horst, 2007).  For this thesis, I am examining the special science of psychology.  

 Karl Popper and John Eccles (1974) provide a diagram of the canonical 

reductionist hierarchy (Table 1). Rather than including specific disciplines, they describe 

levels of description, which may encompass a number of distinct fields of inquiry. It 

should be noted that at the time this hierarchy was formulated, psychology was not 

central to reductionist debate. It can, however, be assumed to fall under the realm of 

ecosystems, along with the other social sciences, which exist at the level of description of 

people (Medawar, 1975).  

Table 1 

Summary of Reductionist Hierarchy  

Level of Description 

Ecosystems 
Populations of metazoa and plants 
Metazoan and multicellular plants 
Tissues and organs 
Populations of unicellular organisms 
Cells and of unicellular organisms 
Organelles  
Liquids and solids 
Molecules 
Atoms 
Elementary Particles 
Sub-elementary particles 
Unknown: sub-sub-elementary particles 

 

Can psychology be explained reductively by the physical sciences? Considering the 

recent inclusion of psychological concepts within contemporary neuroscientific research 
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(Bear, Connors, Paradiso, 2007), I think this is an important question to ask. Subsumed 

by this question are two further concerns: if psychology can be reductively explained, can 

it be abandoned as a scientific discipline; and how might this explanation take place, in 

light of contemporary neuroscience? 

 To examine this question, I will draw from different levels of abstraction, 

including terms from philosophy of science, philosophy of mind, psychology, and 

neuroscience. I do not consider these terms hierarchically; any mention of the 

‘hippocampus’ should not be considered more important than ‘memory’ or ‘mental state’. 

I consider all of these levels of description to be important to the discussion. Because of 

the range of objects that can be considered in reductionism (theories, concepts, models, 

etc.) using the terms T′ for the reduced thing in question, and T for the reducing thing in 

question is helpful. T′ and T will be utilized when necessary to help clarify a statement or 

give an example, where no concrete one is available; T′ will usually denote the level of 

explanation of psychology, and T will denote that of neurophysiology. 

 I believe examining how neuroscience may attempt reductions from psychology 

to the physical sciences is a useful endeavor. I believe that, if there is not one already, 

there may become a palpable threat to the mental terms that psychology utilizes, one 

example of which might be ‘mental illness’. I also believe that philosophically examining 

neuroscientific research will make transparent extant reductionist attitudes. If 

philosophical inquiries, particularly those related to reductionism and the mind-body 

question, are not considered, then the research produced by neuroscience may be 

conceptually misguided.  Bennett and Hacker (2009, p. 3-4) clarify this idea, discussing 

how philosophical questioning is related to science:  

 Conceptual questions antecede matters of truth and falsehood.  They are questions 
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 concerning our forms of representation, not questions concerning the truth or 

 falsehood of empirical statements…when empirical problems are addressed 

 without adequate conceptual clarity, misconceived notions are bound to be raised, 

 and  misdirected research is likely to ensue…Science is no more immune to 

 conceptual error and confusion than any other form of intellectual endeavor.  

According to Bennett and Hacker, science is concerned with truth and falsehood, while 

philosophy is concerned with forms of representation (Bennett & Hacker, 2009). How 

can research be conceptually misguided due to its forms of representation? What is a 

form of representation? Two examples are time and space. Time and space are 

fundamental forms used to represent things in the world. They have both constrained and 

informed our methods for studying it. If time and space did not exist as real concepts, 

then the conclusions we would draw about the world would be radically different. If the 

pre-Socratics had never considered the philosophical question, “What is the world made 

of?”, and had Democritus not posited that matter is composed of smaller parts, for 

instance, then we may have never developed chemistry. 

 But assuming most of the fundamental questions have been asked, why is it not 

enough to the scientific method, investigating new and interesting phenomena? I believe 

that, in fact, the question of reductionism is considered implicitly by many non-

philosophers to be resolved. But not addressing the way in which explanations are 

provided in scientific research may, in fact, lead to faulty conclusions, on logical 

grounds. Specifically, I believe that contingent on assumptions about whether psychology 

may be reduced to the physical sciences, neuroscientists will draw different conclusions 

from their research. 
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 There are other views which I believe are even more implicit than reductionism. 

Though they are not incompatible with reductionism, they do not necessarily entail it. 

These two views are naturalism and physicalism. Naturalism and physicalism themselves 

are closely related, but are distinct (Horst, 2007).  Physicalism posits that there are no 

properties of things in the world which are not physical.  It is the same as materialism. 

Basically, it makes the strong metaphysical conjecture that for even those things which 

we do not yet understand, we may still assume that those things are physical.  

 Naturalism, for the proposes of discussions in philosophy of science, means that 

for any given domain of inquiry, all features of the domain are provided by the definition 

of nature, as accepted by the natural sciences (Horst 2007).  In other words, naturalistic 

theories cannot posit the existence of supernatural phenomena, or a metaphysical theory 

which is not grounded in the natural sciences (Horst 2007). This does not mean that one 

must dogmatically adhere to the scientific method. Rather, naturalism says that for any 

inquiry into any domain of the world, that inquiry may be satisfied within the bounds of 

the concepts employed by the natural sciences. 

 I will argue that an implicit assumption of physicalism makes certain 

neuroscientific endeavors simultaneously reductive endeavors.  This argument may be 

framed in two ways: as an argument against what is an extant, but unspoken reductionist 

attitude, or as an argument against hypothetical reductionist claims. The latter framing 

may make my thesis susceptible to criticism, via the Straw Man argument, but I do not 

believe it falls victim to this logical fallacy.  

 A straw man argument creates the illusion of having refuted an argument by 

substituting it with a superficially similar one (Madsen, 2007). In this case the paradigm I 

am arguing against is hypothetical. I am not pointing at specific individuals and saying 
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‘there, that is who I am arguing against.’ Rather, I am taking the principles set out by 

Nagel, and his followers, and applying them again in light of contemporary neuroscience. 

That being said, my thesis could also be accused of an argument from probability, saying 

that because something could happen, it will happen (Murphey, 2007); alternatively, 

ignoratio elenchi, which is an irrelevant thesis; presenting a valid argument but not 

addressing the issue in question (Mill, 1959). At the end of this thesis I will revisit these 

potential criticisms. 

 How exactly science may draw different conclusions based upon its implicit 

answer to reductionism requires further background. Reductionism is concerned with 

how and if things can be reductively explained. It does not assume physicalism, although 

it is in the repertoire of different reductionist arguments. Also, successful reductions 

come in different forms. A broad reduction has two formal attributes (Horst, 2007).  

 The first attribute of a broad reduction is part-whole explanation.  This means that 

explanations must describe features in an entire system or discipline in terms of the 

relations of its ‘proper’ parts, or components that are no more complex than its parts.  For 

example, a computer may be considered in terms of its hardware components: hard 

drives, central processing unit, battery, etc., which individually, are no more complex 

than the computer as a whole.   

The second formal attribute is explanations without remainder, or explanations 

that are comprehensive in the sense that they can describe the full range of observations 

in the reduced system (Horst, 2007).  The explanation, in most cases, need only be 

‘bottom-up’.  If a discipline can explain another in terms that are no more complex than 

the ones employed in that discipline, and if it explains it fully, then the latter discipline 

can be considered reduced (Horst 2007); though, broad reductions are not limited to 
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disciplines. Any broad question relating some T to some T′ is open to the requirements of 

broad reductionism. If someone were to say, “all ecology can be explained by 

Darwinism”, then to evaluate that claim, the principles of broad reduction may be used.  

 Austen Clark, in his book Psychological Models and Neural Mechanisms, 

expounds upon derivative, or ‘derivation’ reduction, and eliminative reduction.  

Derivation reduction considers the reducing explanations, given by T, as a second set of 

explanations for T′ (Clark, 1980). That is, T gives an alternative set of explanations.  

Derivational relations are usually put in terms of logical sentences, conjoining laws, and 

connecting principles.  They would play out like syllogisms.  Such a sentence might take 

the following form: “For every x, if x is P, then x is Q”.   

In derivation reduction, one derives the validity of a claim based upon the logical 

continuity between its premises. One builds the explanation for T′, in terms of T.  For 

example, for every apple, if an apple is round, and for every sphere, if a sphere is round, 

then apples are spheres. Derivative reduction has the requirement that each theory or law 

be unambiguous, and operationalized in terms of observable, testable hypotheses.  If any 

single theory in T describes observations radically different than in T′, then explanations 

in T cannot be used to predict, or be considered a corollary to explanations in T′.  Clark 

considers this problem directly by admitting that there are obvious discrepancies between 

theories in different disciplines (Clark, 1980).  

 For instance, in the above example, ‘apple’ is simply a nominal description of 

some object that has properties, while sphere is a concept from geometry, which has its 

own properties, put in terms of mathematics.  In order to say that apples are spheres, you 

would have to connect both, in terms of these properties.  But there seems to be no innate 

commonality between an apple and the mathematical axioms dictating the dimensions of 
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a sphere. Because of this difficulty, Clark offers that derivation reduction can take into 

account connecting principles.   

 Connecting principles will often attempt to find a conceptual middle-ground.  For 

example, in relating thermodynamics to statistical mechanics, ‘temperature’ is used to 

also mean ‘mean kinetic energy of molecules (Clark, 1980). In the case above, 

‘roundness’ is the connecting principle.  Connecting principles need not be ontological 

claims (claims about what exists) but need only to make the sentences relating T  to T′ 

understandable.  This might take the form of integrating terms as operators, e.g. “If x is Q 

then x is W” or “If x is Q then x is not W” or, “Either x is Q or x is W. ” (Clark, 1980).   

There is some ambiguity as to how extensive these connective principles may be, 

but deriviative reduction is concerned with general laws in T′ being proven through 

logical deduction to be derived from laws in T.  As long as propositional content is 

logical within the frameworks of both theories, containing both necessary and sufficient 

conditions, then it is open to derivation reduction (Clark 1980).  

           The other form of reduction worth consideration is eliminative reduction. 

Eliminative reduction states that, assuming T will provide a more fundamental 

explanation, it should subsume T′.  This is what Clark terms the “replacement 

assumption: “If T′ reduces to T then any explanation using a term from T′ can be replaced 

by some explanation using a term or terms from T (Clark, 1980).  That is to say, one 

theory should be reduced to the other, and no longer used in an explanatory way (Clark, 

1980). If a term from psychology is reduced to a brain term, then in any instance where 

you might use that psychological term, you would instead use the brain term.  

 The key difference between eliminative and broad reductionism is that while 

broad reductionism states that the reducing theory T explains all of the features of the 



11 
 

reduced theory T′, it does not have to abide by the replacement assumption.  Broad 

reduction provides a framework, and fundamental principles by which other types of 

reduction must abide to be considered successful. In the philosophy of mind, there are 

two specific stances which employ eliminative reduction. These are eliminativism and 

reductive materialism. It is from these that I perceive an extant threat to psychology. 

 One example of eliminative reduction is that of light to electromagnetism. Before 

optics, vision was understood intuitively.  Many philosophers believed that the 

phenomenon of seeing played out through means of the eyes alone (Churchland, 2005; 

Gundert, 2000).  For them, there existed a direct relation between gaze and percept. 

When you gaze at an object you send out a sort of ‘laser’ from your eye which connects 

you to the object and allows you to see it (Churchland, 2005).  There existed no concept 

of light being reflected by objects. 

 Eventually it was discovered that light is the mechanism by which we see, and 

that it consists of sub-atomic particles oscillating in space.  Depending on when it is 

observed, light sometimes behaves as a particle (a photon) and sometimes as a wave.  

Whatever the case, over time the conception of seeing as being centered fully in the eyes 

was reduced to the theory of light, which was even further reduced to the operations of 

sub-atomic particles (Churchland, 2005).   

 Eliminative reduction also runs into the problem of conceptual incompatibility, 

but sometimes a term from a reduced theory describes common enough phenomenon that 

it can be brought over to the eliminating theory.  The word itself will continue to be used, 

but its definition changes.  For example, before thermodynamics was understood, 

“phlogiston” was assumed to be what gave material objects the general property of heat.  

Phlogiston as a concept was eliminated, but we still speak of heat. The concept of heat is 
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common enough that it gets carried on, but we also understand that what heat is includes 

thermodynamic forces, and the collisions of particles causing electrons to move into a 

lower quantum orbital.  Within the reduction, an identity claim is embedded, wherein 

heat is shown to be identical to a thing which previously it was not (Churchland, 2005). 

Summary of Reductionism  

 Reductionism is concerned with how and if things can be reductively explained. It 

does not assume naturalism, nor physicalism. Although its concerns are philosophical,  

to prove a successful reduction empirical data are often relied upon. At some point, 

reductionism was applied to the special sciences, and branched out into the philosophy of 

mind, T becomes the body and T′ becomes the mind. Because psychology employs 

mental terms such as ‘mental illness’, I believe asking how the mind and the body relate 

is analogous to asking how psychology and neuroscience relate.  

 Derivative reduction attempts to answer this question by building logical 

sentences, using terms and connecting principles from neuroscience to derive 

psychology. Eliminative reduction attempts to show that explanations in neuroscience 

prove psychological explanations to be inaccurate. It uses the same methods as derivative 

reduction, but makes the replacement assumption, which says that after reducing 

psychology to neuroscience, you eliminate it. Both derivative and eliminative-reduction 

must adhere to the principles of broad reduction, which are part-whole explanations, and 

explanations without remainder. 

Neuroscience and Psychology 

 Psychology’s inclusion into neuroscience I believe is often predicated on the 

assumption that the constructs employed by psychology are, in some sense, reducible to 

the neurobiological. Indeed, neuroscience has been accused of utilizing a reductionist 
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approach (Bear, Connors, Paradiso, 2007).  This general claim is difficult to falsify, 

considering the broadness of the field of neuroscience, which may be better described as 

a “meta-discipline”, in that it integrates findings from a variety of different fields.  

 Specifically, it groups its constituent researchers into computational 

neuroscientists, developmental neurobiologists, molecular neurobiologists, 

neuroanatomists, neurochemists, neuroethologists, neurophysiologists, physiological 

psychologists, and psychophysicists (Bear, Connors, Paradiso, 2007).  It has evolved in 

relation to several technological advances.  These include, but are not limited to, gene 

sequencing, proteomics, structural modeling, and brain imaging (Bear, Connors, 

Paradiso, 2007). 

For a phenomenon in question, these techniques can be used concurrently to attempt 

to provide an integrated explanation.  For example, after a geneticist has identified a gene 

related to some phylogenetic trait, gene sequencing can elucidate the specific sequence of 

nucleotides, which encodes for amino acids.  A molecular biologist, working off this 

knowledge, can attempt to isolate the proteins that this gene encodes.  Structural 

mechanics can assist in examining the structure of those encoded proteins, and how they 

interact with each other.  The other disciplines may use their methods of investigation; 

developmental neurobiology might look at the way in which molecules organize into 

tissues, which develop into the nervous system; this eventually might lead to the level of 

neurophysiology, wherein brain imaging could investigate the neural activity associated 

with the given phylogenetic trait.   

 But how is psychology, a special science, been related to neuroscience? Freud, an 

influential figure in clinical psychology, was himself a neurobiologist.  He at least 

nominally identified his theory about the origin of the Id to sub-thalamic brain structures 
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(Freud, 1940).  Even before the brain was well understood, Freud was attempting to 

relate a mental concept with a physical one.  But since the days of psychoanalysis, 

psychology has gone though several paradigm shifts, leading to more explicit overlap 

between its interests and neuroscience’s interests.  

With the rise of behavioral research in the early 20th century there was increased 

focus on directly observable phenomena, which allowed for specific laws to be generated 

in order to predict behavior.  Behaviorism did not think that internal, mental processes, 

were worth study (Milner, Squire, Kandel, 1998).  After this, there was a cognitivist turn 

during the mid-20th century, which oriented the field towards an increased focus on 

models of perceptive and sensory phenomena, rather than behavior (Milner, Squire, 

Kandel, 1998). That is not to say that the method of behaviorism was abandoned. 

Cognitive psychology began with Francis Donders investigation of decision making, 

in 1868, and then Broadbent and Gibson’s work in the 1940’s on human interactions with 

machines (Goldstein, 2007).  By 1967, Ulric Neisser published the first cognitive 

psychology textbook, simply named Cognitive Psychology, which helped to concretize it 

as a field of inquiry.  

 In Cognitive Psychology, Neisser advocated the use of experimental approaches 

to understanding and solving problems related to external sensory stimuli, perception, 

and the mental processing that mediates them (Neisser, 1967). Where previously a sort of 

hierarchical division existed between the processes of stimulation, sensation, perception, 

cognition, and behavior, cognitive psychology assumed that perception entailed both 

external sensory information and internal mental processing. Hence, cognitive 

psychology attempted to bridge the gap between sensation and perception (Milner & 

Squire, 1998). Unlike behaviorism, it acknowledged the importance of mental states. 
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 Making the claim that cognitive psychology acknowledged the ‘mind’ is more 

difficult. Cognitive psychology took an approach which did not necessarily attempt to 

make metaphysical conjectures, was more concerned with establishing black box models 

that could be used to explain phenomena such as memory and attention. Instead of saying 

‘thinking’, the term cognition is used (Goldstein, 2007; Neisser, 1967). Neisser defined 

cognition as the study of all processes by which sensory input is transformed, reduced, 

elaborated, stored, recovered and used (Neisser, 1967). He included in cognition things 

that occur independently, without external input, including internal representations of 

images and hallucinations (Neisser, 1967).  

 This functional, information processing approach had significant overlap with 

systems neurobiology, which was interested in understanding the structure and function 

of neural circuits (Milner, Squire, Kandel, 1998).  The two were integrated, and called 

cognitive neuroscience, which is a term denoting all of the pursuits in neuroscience which 

attempt to find neural networks associated with cognitive processes (Milner, Squire, 

Kandel, 1998).  

 Acknowledging that cognitive neuroscience is just one division within 

neuroscience and the sheer amount of research that has, and is being conducted (last 

year’s Annual Meeting garnered over 30,000 attendees), is there any room for 

philosophical inquiry? Is the mind body question irrelevant at this point? To get a better 

understanding of this question, a meta-search of annual review volumes for psychology, 

medicine, physiology, biochemistry, genetics and neuroscience was conducted.   

 The criteria included being published from 1980 – 2009, and titles containing 

both the words ‘mind’ and ‘brain’.  The search yielded 344 separate publications.  This 

would seem to indicate that there exists at least a sub-section of scientists interested in 
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publishing on the mind-body problem. I believe that the mind-body problem is still 

relevant, and is worth consideration. As stated above, I believe neuroscientific 

experimental methodology is in fact predicated on implicit assumptions about the mind-

body problem and reductionism; hence, a reconsideration of the mind-body problem in 

light of neuroscience is worthwhile. 

Statement of Goals 

 The primary concerns of this thesis include the reduction of psychology, 

particularly cognitive theories, to neurosbiology, and how a philosophical examination of 

neuroscience, in the context of the mind-body problem, may affect neuroscientific 

inquiry.  The possibility of reducing psychology to biology will be examined.  The type 

of reductions espoused by certain mind-body theories will be shown to be in violation of 

one of the broad reduction requirements, which is explanation without remainder.  That 

is, a broad reduction of psychology to neuroscience would leave something out. I 

understand this to be subjective experience. 

 This is not a critique of neuroscience, and this thesis is explorative, rather than 

destructive.  I believe the domains of neuroscience are apt in revealing facts and findings 

about the human nervous system, which will lead to great advances in medicine. 

However, without a philosophical bedrock, sorting through a large body of data and 

trying to draw conclusions, especially as regards the cause of any given behavioral 

phenomena is, will be difficult. A rigorous philosophical introspection will perhaps not 

answer this type of question, but it may provide a more conceptually guided means by 

which to try and answer it (Bennett & Hacker, 2009; Devlin, Poldrack, 2007). 
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The goals of this thesis are as follows: 

1. Provide an overview of mind-body theories within the context of reductionism.   

2. Examine the problems with an eliminativist and reductive materialist approach. 

3. Examine a reconciliatory way of going about neuroscientific research that does 

not require strong reductionist claims.  
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     CHAPTER II: MIND-BODY THEORIES AND REDUCTION 

 

All things are water. 

  -- Thales of Miletus 

Context 

 Predominant theories in philosophy of mind may be considered under the domain 

of reductionism.  By asking the mind-body question, one is implicitly asking: how do the 

mind and body relate?  This question is analogous to asking how two scientific 

disciplines may relate. If one replaces ‘mind’ with the domain and theories of 

psychology, and ‘body’ with neurobiology, the contrast is clearer. I acknowledge that 

psychology, as a discipline, does not limit itself to mental terms, but these terms are what 

I am concerned with. Further examples might include mental illness, emotion, volition, 

and personality; essentially, those terms which attempt to describe phenomena that occur 

inside the mind of a person. 

 Besides ‘mind’ and ‘brain, I will also employ the terms ‘mental’ and ‘physical’, 

which should be considered synonymous, respectively. This chapter will continue to 

introduce important concepts relevant to psycho-biological reduction, as well as consider 

some predominant mind-body theories, in the context of reductionism. It is my belief that 

any given theory’s answer to the mind-body question will reveal its attitude towards 

reduction. 

 One useful way to examine mind-body theories is by considering their approach.  

The question can be framed in three ways: the ontological, epistemological, and 

methodological.  The ontological question dates as far back as philosophy itself.  It is 
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primarily concerned with what exists, and what properties those existing things have.  It 

asks what the mind and body are, what their constituent properties are, and how they 

relate, if at all.   

 The epistemological question is concerned with our ability to understand reality; 

more strictly, the limits of human understanding as regards the facets of mind-body 

relation. The methodological is related to the epistemological, in that it offers the correct 

way in which the mind-body question should be addressed. For instance, logical 

positivism said that any statement is only meaningful if it can be evaluated in terms of 

being true or false (Hempel, 1950). I am concerned primarily with the ontological and the 

methodological. 

 Within the mind-body question, there are two broad categories of theories: 

monistic ones and dualistic ones.  Monism is the belief that the mental and the physical 

are the same. Dualism is the belief that the mental and the physical are different 

(Churchland, 1988).  Often, monism is conflated with physicalism, but as will be 

demonstrated, this is not necessary.  There are subtle versions which, though not 

incompatible with physicalism, take different reductionist stances. 

The Mind-Brain Problem 

 The mind-body question now tends to connote the mind-brain problem (Bennett 

& Hacker, 2009).  This shift was probably influenced by the lesion studies of Broca, in 

the 1860’s. Broca found that there are specialized areas of the brain which, when 

damaged, result in explicit and predictable deficits in behavior (Kandel, 2000).  Perhaps 

the most canonical of these is Broca’s area, a small section of neural tissue in the 

posterior inferior frontal gyrus.  Damage to Broca’s area results in Broca’s aphasia, a 

condition which entails the loss of the ability to vocalize language.   
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 Later, Korbinian Brodmann, through his observations of the brain using Nissl 

stains, posited a cytoarchitectural map (Figure 1), which organizes the neocortex into 

different regions (Kandel, 2000).  These regions have been correlated with a diversity of 

cognitive functions.  For example, the primary somatosensory cortex in the postcentral 

gyrus (Brodmann’s areas 1,2,3) has been correlated to the sensation of touch (Kandel 

2000).  It can be seen in the figure below colored orange, on the dorsal side of the brain 

(Figure 2).   

Brodmann’s areas have been further specified through brain imaging, and an 

increased understanding of the way neurons are connected to each other, via cortical 

columns and neural networks (Kandel, 2000).  These discoveries of functionally localized 

areas have contextualized what I believe is the reductive approach, neuroscience has been 

accused of utilizing. 
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A change in cognitive functioning due to brain damage, such as in the discovery 

of Broca’s area, is seen by mind-body theorists as an example of neural dependence 

(Churchland, 1988).  Neural dependence says that because faculties of the mind can 

change from brain damage, they cannot exist separately from it.  The concept of neural 

dependence has been used to provide argument for and against certain mind-body 

theories.   

 This consideration might be considered as a bottom-up approach, or the “body-

mind” question, instead of a top-down approach, or the mind-body question (Shanon, 

2009).  It seems that the approach will likely reflect underpinning ontological 

assumptions, whether consciously considered or not.  If a neuroscientist operates under 

the assumption that the mind is purely material, then an attempt to use brain states to 

explain or reduce mind states will follow.  

 In contrast, if a neuroscientist is a dualist, then perhaps a modular approach would 

be taken, wherein she or he begins with a mental state, and attempts to explore the 

relation it has with brain state: if it co-occurs, if it arises from it, if it interacts with it, etc. 

What specific approach might be taken will depend on the type of dualism a 

neuroscientist believes in.  

Substance Dualism 

 Rene Descartes is typically associated with substance dualism.  In fact, Cartesian 

dualism is synonymous with substance dualism (Gundert, 2000).  Descartes was one of 

the first to offer a specific brain based mechanics for mind-body effects.  Observing the 

now classic patellar, or “knee-jerk” reflex, he offered an explanation that nerves, 

conceptualized as networks of hollow tubes running from the heart to the brain, transmute 

‘animal spirits’ which cause movement. Animal spirits are produced in the pineal gland, 
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which would send them towards muscles. The pineal gland was Descartes’ answer to the 

question of how “mind stuff” and “physical stuff” were supposed to interact.  The pineal 

gland translates the volition of the soul into bodily motion (Gundert, 2000).  

 Substance dualism says that each mind is a distinct, spatially constrained, 

nonphysical substance.  Its identity is independent of any body to which it might be 

attached to (Churchland, 1988).  It is supposed that mental phenomena like language, 

reason, and volition arise from this mental substance.  Probably the best argument against 

substance dualism is the problem of causation. If the mind is supposed to affect the body, 

and the mind is non-physical, how can it ever be proven in naturalistic terms that the 

mind causes motion?  

 Whereas physical substances are governed by natural laws and properties like 

mass, position, color, etc., mental substances presumably do not have such rigid 

dimensions. Rather, Descartes believed that the essential characteristic of mental 

substance was thinking (Gundert, 2000). How can the two be connected? Descartes did 

attempt to find a connecting principle for the mental substance through animal spirits.  

Even he knew that momentum cannot originate from nothing; but unfortunately the 

theory of animal spirits cannot be tested on naturalistic grounds, and the problem remains 

(Gundert, 2000).  Because substance dualism considers the mind as fundamentally 

separated from the body, it does not make an attempt to explain reduce it in terms of the 

body. 

 Neural dependence is provided as an argument here.  If mental states can be 

influenced by changes in brain states, then thinking cannot occur independently from the 

activity in the brain. For example, if one considers negative thinking to be a symptom of 

depression, then anti-depressants, which work to try and alter brain chemistry, would 
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seem to be a good description of how the mental is affected by the physical, and not vice 

versa.  As mentioned earlier, this is the type of bottom-up approach commonly employed 

by materialists (Shanon, 2009).  

Property Dualism  

 Property dualism says that while the brain is a physical substance, its properties 

are non-physical.  This may be confusing at first, because when scientists talk about 

properties they typically mean physical properties of matter (Churchland, 1988).  A non-

physical property must be explained on its own terms, typically in a negative sense -- to 

be proven as not a physical property.  Property dualism attempts to bridge the gap of 

rigorous commitment to physicalism, with recognition that mental states exist, but are 

properties of brain states.  

Epiphenomenalism 

  Epiphenomenalism says that mental properties are the intuitive constructs that we 

think of as having a causal effect on physical states, but that they do not in fact.  These 

include things like volition and emotion.   Epiphenomena are supervenient upon physical 

states in that physical states are assumed to constitute them, but cannot be used to explain 

them from the ground up.  One formal definition of supervenience says the following 

(Bennett, McLaughlin, 2005, p.1):   

 A set of properties A supervenes upon another set B just in case no two things can 

 differ with respect to A-properties without also differing with respect to their B-

 properties. In slogan form, “there cannot be an A-difference without a B-

 difference.  

An example of supervenience might be individuals and society. There can be no change 

in society, without a change in individuals, but you could not necessarily explain society 
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from the ground up, therefore society supervenes upon individuals. Supervenience is 

important to discussions of the mind and brain, especially in the context of neural 

dependence, which seems to support the idea that the brain supervenes on the mind. 

 Besides the lesion studies of Broca, there are other historical examples which 

seem to evidence that mental states supervene upon brain states.  In the mid 19th century a 

railroad worker named Phineas Gage suffered an injury to the frontal lobe of his brain, 

due to an explosion that shot a tamping iron through his skull.  He survived, but the 

damage caused dramatic changes in his personality.  He became irresponsible, 

untrustworthy, and impatient of suggestion when it conflicted with his desires (Damasio, 

2004).  This was one of the first instances in neuropsychology that suggested a functional 

localization of emotion and personality in the frontal lobes (Kandel, 2000). 

Seemingly this would allow one to make the claim that decision making exists in 

the frontal lobes; however, this example did not prove that this change could only be 

brought about from damage to this specific area.  In other words, it did not achieve a 

derivation reduction which might say something like, “If personality is neural firing in 

the frontal lobe, then a change in neural firing in the frontal lobe is a change in 

personality.”  It merely shows that there is an association.  

 Important to note is that these epiphenomena are ‘impotent′, in the sense that they 

have no backwards causal effect on physical brain states.  Physical brain states occur, and 

the things we call mental states result.  One useful metaphor for epiphenomena are “as 

little sparkles of shimmering light that occur on the wrinkled surface of the brain, 

sparkles which are caused to occur by physical activity in the brain, but which have no 

causal effects on the brain in return.”(Churchland, 1988, p.12).   
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 While epiphenomalism says that our common understanding of volition is false, it 

does not attempt to eliminate it.  It merely says that our experience of having brought 

about some action is merely the byproduct of the physical brain state that has actually 

brought the action about.  The exact latency from brain state to mental state is not 

discussed.  They occur close enough together that we tend to conflate them as the same, 

but are not necessarily on equal footing ontologically.   

Interactionism  

 Interactionist property dualism, or interactionism, says that there does exist a 

causal relation between mental properties and the brain (Eccles, 1974).  One has a 

cognition, which causes a bodily action, and then the bodily action in turn acts on the 

environment.  The environment acts on the body through sensation, which affects 

cognition in turn.   

Interactionism still says that mental states are properties of brain states.  

Interactionists would say that mental states are materially constrained by the existence of 

a complex nervous system (Churchland, 1988), rather than the ‘body’, as such. An 

analogy might be how the property of ‘red’ is constrained by the existence of an object, 

to call red.  There is nothing necessarily that is red in the object, but redness arises from 

the object.  This ‘arising’ is an important concept in mind-body debates; it is called 

emergence.   

 In emergence, one thing arises out of another, seemingly without cause. The 

emerging thing is more complex and novel than its constituent can produce, within the 

understanding of its functional constraints.  In the case of interactionism, mental states 

emerge out of brain states, and also supervene on them.  In other words, there is no 

change in mental state that does not entail a change in brain state, but that mental states 
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cannot be explained in terms of the change in brain state, because there is nothing about 

brain states that should account for the emergence of the mental state.   

 Because interactionism accepts the emergence of mental states, it does not try to 

reduce them. It also does not consider mind states supervenient upon brain states. A 

change in brain states does not necessitate a change in mental state, because mental states 

exert a causal effect, themselves, upon brain states.  This is why interactionism is a 

dualist position, and hence falls under the same general criticisms.  If a mental 

phenomenon is emergent, yet cannot be said to be explainable in terms of that which it 

emerges from, i.e. the brain, how can it exert influence over it? 

 In 1974, John Eccles and Karl Popper, wrote The Self and Its Brain, a 

controversial discussion of dualism, reduction, and interactionism.  They attempted to 

reconceptualize the problem from that of brain and mind by splitting all extant 

phenomena into three ‘worlds’.  These worlds are considered emergent, and are called 

cosmic evolutionary stages (Table 2).  In their book, Popper and Eccles try to explain the 

way the content of the three worlds interact with each other, and address problems arising 

from causation and supervenience (Eccles, Popper, 1974).  
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Table 2 

Summary of Eccles’ and Popper’s Three Worlds (Eccles, Popper, 1974) 

Name of World Constituent Entities 

The Products of the Human Mind (III) Works of Art and of Science, Technology 
Human Language.   
Theories of Self and Death.  

Subjective Experiences (II) Consciousness of Self and Death  
Sentience (Animal Consciousness) 

Physical Objects (I) Living Organisms  
The Heavier Elements; Liquids, Crystals 
Hydrogen and Helium 

 

 I find it difficult to argue that physical objects, and those things listed under the 

products of the human mind do not exist.  It would also take a stark solipsism to say that 

language does not exist. Where the confusion arises is about World II: subjective 

experiences. Why they are they categorized the way they are, and how exactly are they 

supposed to emerge from World I? 

Interactive Emergence     

 There are those who believe that the mental is irreducible, but not emergent 

(Churchland, 1988).  They believe that mental properties exist in terms of their own 

independent operating principles, analogous to laws like electromagnetism. Mental 

properties adhere to them, but cannot be reduced to them. Rather, the laws used as a way 

of explaining them. For example, light is not electromagnetism, but electromagnetism can 

explain what light is, and how it works.  

 To come up with an underpinning ‘law of the mental’ would allow for mental 

phenomena to be described, on their own terms. But when it comes to making 

predictions, there must be a way of linking the ‘mental law’ to the physical laws. There 
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would need to be a means of interaction. Whether this linkage must adhere to purely 

naturalistic terms is unclear, because no such ‘psycho-physical’ interaction has yet been 

described.  

 But assuming it was possible to come up with some fundamental psycho-physical 

law, accounting for phenomena would still be difficult, because in interactionism the 

interaction may take place in a bi-directional way. For example, Jane may feel a cascade 

of hormones and neurotransmitters and think, “I am in love,” or, she may think “I am in 

love,” and feel the same cascade.  How is one to know which comes first, in the causal 

chain? While it may not be a result of assumed interactionism, this type of problem in 

causal directionality has been encountered before in psychology.  

 Within debates about emotion, there were several predominant theories.  William 

James and Carl Lange challenged the layman’s understanding of emotion by saying that 

the environmental stimulus causes a bodily response, and as a result, the bodily response 

causes emotions. This theory was later challenged in the 1920’s by the Cannon-Bard 

theory, which reversed the second step in the causal chain, saying that we first encounter 

an environmental stimulus, have an emotion, and then act upon that emotion, resulting in 

physiological states.  

 The problem with the Cannon-Bard theory was that it did not provide a means of 

interaction. Schachter and Singer’s two factor theory of emotions attempted to describe a 

mechanism.  They said that the way we act upon an emotion is through cognitive 

evaluation. When I say, “I am afraid” what I mean is that my body has reacted to a 

stimulus -- a large animal, for instance. I perceive this physiological reaction, and then 

cognitively evaluate it, leading to me evaluating the reaction as fear. Where the Cannon-

Bard theory posits a one-to-one relationship between an emotion and a physiological 
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reaction, the two factor theory leaves room for things like memory and context. 

 All of these theories have explanatory power, but they cannot solve the problem 

of directionality. If one considers the idea that organisms act upon their environment 

through their physiological and emotional states, then it becomes difficult to see where 

the causal chain begins. Although the addition of cognitive evaluation provides an extra 

step that, hypothetically, could fill the place of World II subjective experience, it cannot 

pinpoint how exactly emotion occurs. It could be the case that cognition occurs first, and 

that the physiological reaction follows; or, the emotion could occur first, and then the 

cognition. Because saying there are psycho-physical laws does not allow for emergence, 

it cannot reduce one part of the causal chain in terms of another. Emotion cannot be 

reduced to either cognition or physiology. 

Argument from Knowledge 

 While dualism faces several de facto problems in explanation, such as whether the 

mind is a property or substance, or whether it arises or supervenes upon brain states, or 

whether the mind and the brain interact, there are several compelling arguments for the 

irreducibility of mental states that, while controversial, are still considered in 

contemporary mind-body debates.   

 The argument from knowledge says that it is possible to know some aspect of 

reality which is not grounded in physical properties.  The typical example runs as such: 

Mary is a scientist.  Mary knows every physical fact about the process of seeing: sensory 

transduction, color recognition, motion and feature detection, etc. She can describe, in 

every detail, the physiological process of the photon hitting the cornea, traveling through 

the retina, being transduced and coded, as well as how this information travels along the 

visual pathways to the visual cortex, where it gets integrated.  
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 For all intents and proposes, Mary is an expert in vision. The problem is that 

Mary has lived her entire life in a black and white room. One day Mary decides to leave 

her room; she sees a bed of red roses. After seeing these roses, would Mary have learned 

anything new about vision? The argument from knowledge says that she does, and that it 

is the experience of seeing a rose. (Churchland, 1988).  Another name for the knowledge 

Mary gains is quale.   

 Quale is the singular form of quaila, which is philosophical jargon for subjective 

experiences (Churchland, 1986).  Qualia are the “certain unmistakable phenomenological 

character .  .  .  the qualitative character of experiences, sensations, feelings, and so forth, 

to which we have introspective access. ” (Churchland, 1986, p.327).  Most people agree 

that qualia exist (Churchland, 1988), but there are several problems that arise. For 

example, which mental states have qualia attributed to them? It seems possible that those 

in altered states of consciousness, such as the comatose, might not. Do animals have 

qualia? Are qualia universal, in that they adhere to some predictive law, relating them to 

the physical world? Finally, are qualia intrinsic characteristics of those having them? 

(Tye, 2007).  

 It is hard to deny that there exists a phenomenal character to the experience of 

seeing red. It intuitively makes sense. But is that experience of seeing red explainable in 

terms of the physical facts that underlie the sensation of seeing red, or is it truly 

emergent? If qualia are supervenient upon physical facts; that is, if qualia cannot be 

accounted for by physical facts alone, then it would seem that there is something about 

qualia that are separate from physical facts. If there are things that are separate from 

physical facts, then it seems that dualism is true.  

 Whether one believes that qualia are supervenient properties of physical states, or 
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that they are emergent, or interactive, will dictate what type of dualism is appropriate. 

The problems about the characteristics of qualia aforementioned may never be resolved, 

but whatever the case, the Mary the Scientist example is a compelling thought question 

which brings up a concern about the thoroughness of a purely physicalist explanation. 

Reductive Materialism: The Identity Theory 

 Monism encompasses a variety of theories that assume simply that the world is 

composed of only one substance.  This does not necessarily entail physicalism.  For 

instance, Berkeley’s Idealism might also be called monist, in that it says that all things 

are mental.  But the identity theory is physicalist, and it says that all mental states are just 

physical states of the brain (Churchland, 1988).  It says that for any type of mental state, 

there is a brain state type which is identical to it.  While identity theorists admit that as of 

yet, there does not exist a one-to-one taxonomy of mental to physical states, they are 

committed to the idea that there will be eventually.  This is the sense in which identity 

theorists are also reductive.   

 At the level of any given phenomena – general anxiety, for instance – if a 

neuroscientist could prove that certain physical brain states corresponded to the 

behavioral, mental, and all mentally significant aspects of the symptoms, then you could 

say they are identical.  In this sense, reductive materialism acknowledges that as of yet 

that mental states supervene on brain states.  If a brain state was shown to be identical to 

the mental state of anxiety, then there can be no change in anxiety (within the degrees of 

freedom of observation for the term) without a change in the brain state.   

 How such an identity claim would come about would require a broad reduction. 

There could be no in remainder explanation. Methodologically, a derivative reduction 

would be required. Statements that allow you to build an explanation, from the level of T 
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to the level of T′ would need to be established. For instance, if trying to reduce anxiety to 

a brain state, you might have a statement that says, “if for all anxious creatures, 

irritability is present, then irritability is a part of anxiety.” You would need several such 

statements, connected by common terms, in order to make an identity statement 

understandable.   

 But for anxiety, how could a successfully broad reduction occur in the face of 

such complexly defined psychological phenomena? DSM-IV criteria for Generalized 

Anxiety Disorder include fatigue, irritability, muscle tension, and disturbed sleep (DSM-

IV, 2000, p.  472). These are all complicated, in themselves, and would likely require 

many connecting principles to be explained in terms of the physical. DSM criteria also 

includes ‘subjective distress due to constant worry’ and ‘difficulty controlling the worry’ 

as criteria for anxiety.  

 While it seems feasible that after extensive controlled research, neuroscience 

could identify the brain states that correspond to the observational characteristics of 

anxiety, it would be leaving a remainder of ‘subjective distress’. If an identity theorist 

chooses not to believe in the existence of qualia, then they would probably just remove 

subjective distress from a description of anxiety, because it would be assumed that a 

physical explanation is sufficient. Otherwise, an identity theorist must wait patiently, 

assuming that subjective experience has a physical explanation, and that it will be found 

some day.  

 There is a view called non-reductive physicalism which says that all things are 

indeed physical, but that physical explanations will never be able to successfully reduce 

the mental.  As opposed to being reductionist or anti-reductionist, non-reductive 

physicalism seems that for the sake of equivocation, to abandon the problem. Non-
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reductive physicalists are similar to identity theorists, in that they would say that qualia 

are physical, but they would not attempt any sort of derivative reductions. 

 At face value, identity theory without successful reductions seems to be no 

different from an assertion of materialism. It is a daunting task to reduce all mental 

phenomena, but for argument’s sake, let us say that it may occur. For anxiety, say that 

someday all of the criteria, including some connecting principle to explain subjective 

distress, become explainable in terms of the physical. At that point you could say anxiety 

is this set of physical states.  

 With a derivative reduction, from this point on it would just be understood that 

anxiety is both those things described in the DSM, as well as this set of physical states. It 

could be considered an alternate set of explanations, especially if in some cases it is 

linguistically more convenient to use the psychological explanation. A psychiatrist may 

know that anxiety is this set of physical states, but for the convenience of his patient, he 

calls it fatigue, irritability, muscle tension, and disturbed sleep, etc.  

 Although I have my doubts as to how feasible such a reduction is, especially as 

regards mental illness, it is not my largest concern. My concern is going a step further, 

and making a derivative reduction into an eliminative one. If a psychiatrist decided that 

the physical explanation of anxiety could account for the behavior of his patients better 

than the psychological explanation, then he might decide to eliminate the psychological 

explanation altogether. That would be after the fact. Eliminative-materialists make a 

consorted effort to eliminate T′ in terms of T. The reductionist agenda is not just to show 

that T′ is explainable in terms of T, but that the explanation in terms of T is a better 

explanation in the first place. There are others who have taken a more extreme stance, 
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who have advocated the elimination of mental explanations before any reduction could 

even take place.  

Eliminativism 

 Eliminativism, it should be noted, is not the predominant stance in philosophy of 

mind.  Even internally, it is considered radical (Ramsey, 2007).  Eliminativism shares the 

claim of the identity theorists, saying that all mental states are brain states, but precludes 

that an attempted reduction of the mental to the physical will fail.  This is because of the 

conceptual vagueness of the mental, or psychological, terms.  This vagueness and 

ineptitude render eliminativists to label certain mental terms as ‘folk psychology’ 

(Churchland, 1988; 1989). 

 According to eliminativists like Paul and Patricia Churchland and Daniel Dennett, 

folk psychology makes false predictions, and generally misleads the masses in regards to 

the nature of human behavior and cognition (Churchland, 1988).  If scientists attempted 

to reduce folk psychology, they would have extreme difficulty because the gap in 

explanation would be due to the inaccuracy of the terms in T′, rather than some innate 

metaphysical division. (Churchland, 1988). Eliminativists also include qualia as folk 

psychology, and they say that any ineffability attributed to it is merely because it is such 

a vague term, with little explanatory value (Churchland, 1988; Dennett, 1995). 

 Eliminativists feel that the vocabulary of folk psychology should be eliminated, 

prior to any type of attempted reduction -- that a ‘completed’ neuroscience would reveal 

them in their failure.  Some examples of failed folk psychology include the ideas of sleep, 

memory, mental illness, and desire (Churchland, 1989).  Where previously the folk 

description of sleep might have said that sleep was equal, in that each hour contributes to 

a recovery of function; neuroscience has proven that it is primarily REM sleep and slow 
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wave sleep which are necessary for higher cognitive functioning (Born, Rasch & Gais, 

2006). In this example, the ‘common sense’ understanding of sleep is inaccurate. Some 

eliminativists claim that our folk psychological explanations have not changed since 

antiquity, in that they are equally useless in explanation (Churchland, 1989).  

 Eliminativists advocate a purely bottom-up approach, utilizing the most ‘reliable’ 

and fundamental levels of explanation, which typically include physics and chemistry. 

Because eliminativism advocates throwing out psychological terms, something like 

‘anxiety’ would not be studied. Instead, research would be conducted via something like 

neurocomputation, which examines the way in which brains process information, by 

means of neural networks (Churchland, 1989). The relevant data would involve action 

potentials, chemical cascades, transduction patterns, and the like (Churchland, 1989). At 

some point if commonalities were shown, you could say, “groups of people show 

decreased activation in the locus coeruleus,” but you would not call it anxiety. 

 Eliminativists feel that even attempting a reduction is giving too much credence to 

folk psychology -- that the hypothetical T already retains more explanatory power and 

accuracy than folk psychology could hope for. It assumes that a purely physiological 

account is already more apt to explain behavior than folk psychology is.   

 Richard Rorty and Paul Feyerabend (both canonical proponents of eliminativism) 

speak on the deprecation of psychological terms. They both agree that if it were not a 

linguistic inconvenience, as it stands, psychological terms could be dropped with no real 

harm (Rorty, 1965; Feyerabend, 1963).  In fact, getting rid of them now would lessen the 

ambiguity inherent to the folk psychological, in favor of the more ‘objective’ 

explanations; namely, the neurobiological ones. They recognize that this is unlikely to 

happen, but advocate it all the same:  
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 [Rorty] If the Identity theorist is taken to be predicting that some day ‘sensation, 

 ‘pain’,  ‘mental image’, and the like will drop out of our vocabulary, he is almost 

 certainly wrong.  But if he is saying that, at no greater cost than an inconvenient 

 linguistic reform, we could drop such terms, he is entirely justified .  If we  knew 

 enough physiology, we could forget about commonsense ways of accounting 

 for the behavior of our friends and relations .  .  .  common sense psychological 

 theory is a dispensable crutch…[Feyerabend] There are enough independent 

 predictions available, many more predictions in fact than the mentalist could ever 

 provide for physiology to provide its own explanatory system (Rorty, 1965, 

 p.198; Feyerabend, 1963, p.140) 

Eliminativism would accept an eliminative-reduction, should such a ‘completed 

neuroscience’ ever arise, but does not require it for the deprecation of folk psychology.  

Its contentions with reduction make some assumptions, most of them linguistically based.  

Primarily, it makes the naturalistic assumption: that anything worth describing should 

adhere to the inventory employed by the physical sciences.  It says that in order for 

psychological phenomena to be scientifically respectable, or ontologically legitimate, 

they must be reducible to facts of the natural sciences (Horst, 2007).  

 This is ironic, considering that eliminativists also believe such a reduction, as it 

stands, to be impossible. In effect, that is, until such reductions have occurred, 

eliminativism may just be a form of identity theory that is pessimistic about psychology. 

As both the identity theory and eliminativism are central concerns of this thesis, they will 

be discussed in more detail in the following chapter.  But I would like to review what 

some consider an answer to reductionism, in general. 
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Functionalism  

 Sometime in the 1960’s identity theory was usurped by functionalism, as the 

predominant and popular mind-body stance (Churchland, 2004).  Functionalism 

approaches things not in terms of properties, but in terms of functions: input, output 

relations.  For example, functionalism does not see a heart as a collection of smooth 

muscle, or the center of emotion.  It is a heart by means because of its function, which is 

to pump blood.   

 One of the interesting things that functionalism allowed for is called multiple 

realizability.  Multiple realizability says that for any given function there may be an 

infinite number of physical substrates in which to instantiate it. For instance, a river 

might be considered in terms of corrosion, viscocity, volume, and velocity, and a function 

could be derived which could predict values of one, in terms of another. This function 

could be instantiated in just about any liquid medium; also, it could be programmed into a 

computer. 

 According to functionalism the central goal of Artificial Intelligence is to do this: 

to create novel realizations of the abstract functions that exist in the world, but primarily 

those that we, as humans, are computing (Churchland, 2004).  Functionalism treats ‘folk’ 

psychology as already embodying a crude or basic investigation into these functions. 

They provide good additive knowledge. 

 For instance, within cognitive psychology there is a model for working memory, 

put forth by Baddely.  It only employs other psychological terms, with the assumption 

that there exists some underlying mechanism that makes the model function, but that it is 

up to the realm of neurobiology to discover it.  A schematic of Baddeley’s model is 
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represented below  

Figure 3.  – Baddeley’s Model of Working Memory. 

 

 Each of the items in the above model fulfills general tasks.  For instance, the 

central executive’s job is to govern planning or decision making, trouble shooting in 

situations in which the automatic processes appear to be running into difficulty, novel 

situations, dangerous or technically difficult situations, and situations where strong 

habitual responses or temptations are involved (Goldstein, 2007).  Though this is an 

extremely broad model, it is testable.   

 Because it attempts to explain general functions, cognitive psychology is given a 

special status.  Functionalism admits it is a worthy endeavor to investigate the 

idiosyncratic ways in which the cognitive functions are represented in our brain 

architecture, but that to reduce psychological kind-terms to brain terms would be to 

exclude the multiply realizable ways that they can be represented.  Cognitive psychology 

should be left alone, because it can contribute to the “global function” – which can only 

be revealed in the situated molar-level behavior of an entire creature (Churchland, 2005).  

Since its inception, functionalism has remained a popular stance in the mind-body 
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question, but its goal of instantiating the human global function in a computer has run 

into problems.   

 For instance, the discovery of parallel distributed processing evidenced limitations 

in computer modeling of cognitive functions. Parallel distributed processing, or PDP, was 

first introduced by James Mclleland in 1986.  It was the forerunner of what is called 

connectionism, which sees mental processes as being composed of interconnected neural 

networks, composed of simple units (neurons) (Kandel, 2000; McClelland & Rumelhart, 

1986). It was discovered that despite the relative slowness of neural communication (no 

greater than 120m/sec), compared with electronic communication (around 108 m/sec), 

computing things such as language recognition required tremendous computational 

power (Churchland, 2005).  Whereas computers process functions serially, the brain 

works in parallel, breaking up sense data into constituent aspects, and then rebuilding 

them at the level of the percept (McClelland & Rumelhart, 1986). 

 For this reason, the modeling of the global organismic function (the goal of 

Strong AI) has been presumed to fail. It would also seem to indicate that functionalism’s 

presumption that functions are multiply realizable is false, but Paul Churchland argues 

that the cognitive terms themselves are the cause of these problems, not the computers. If 

considered neurocomputationally, all synaptic connections can be thought of as 

components of the massive system of parallel distributed processing. It is at the level of 

synaptic connections that functions should be derived, according to Churchland, not from 

cognitive psychology.  

 He considers the claim that cognitive phenomena are multiply realizable true, but 

he does not think that this detracts from its ability to be reduced.  He admits that such a 

claim seems counter-intuitive, because this would imply that cognitive phenomena can be 
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reduced to levels which adhere to different physical laws, but he thinks this is not so 

problematic (Churchland, 2005).  He gives the example of temperature.    

 Temperature is a molar-level phenomenon, but it can be realized in multiple ways.  

It can be seen in the Earth’s atmosphere, or in a gas of any molecular constitution.  This 

is because ‘temperature’ is identical with, or reducible to mean kinetic energy of 

molecules that make up a gas (Churchland, 2005).  By this definition, temperature 

adheres to the underlying laws of Newtonian physics.  Laws of motion are the same for 

every type of molecule that could hypothetically be involved.  Even the idiosyncratic 

details such as the velocity of dispersion of a gas will be reducible to laws of classical 

thermodynamics, e. g.  The Ideal Gas Law, which in turn are reducible to classical 

mechanics (Churchland, 2005).   

 What, at face value, seems to necessitate an appeal to different laws at each level 

of explanation turns out to be untrue.  Churchland says that “high-level regularities across 

diverse material substrates will typically find a successful reduction to underlying and 

general physical laws…laws that are simply blind to the idiosyncratic and irrelevant 

differences that happen to distinguish the several substrates. ” (Churchland, 2005, p. 15).  

But the problem with this statement is that in our particular substrate, there exists a 

significant idiosyncrasy, which is that of qualia.  A reduction of this type would need to 

exclude qualia as inherent to any given function, and would inherently leave it as a 

remainder.  

Summary 

 In this review I have introduced several concepts important to the discussion of 

reduction.  These include supervenience, emergence, qualia, elimination, neural 

dependence, and causal interaction.  At the beginning of this chapter, I posited that 
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different mind-body assumptions can affect the way neuroscience goes about research. 

Having reviewed, generally, the ontological components of predominant mind-body 

theories, how might the adoption of any one of them affect a given experiment?  

 Take decision making as an example.  A substance dualist might pursue the 

explanation under the assumption that the phenomenon of making a decision is 

constrained by neural activity, but that neural activity and decision making are 

fundamentally separate.  In this case, there would be no reductionist agenda; the 

neurophysiology could be considered on its own terms, perhaps in trying to examine the 

way in which some type of decision making occurs, through game theory or psychology. 

Once understood on the neurophysiological level, there would be no attempt to eliminate 

‘decision making’ because it is supposed to be non-physical. 

 An epiphenomenalist would approach the method of research similarly, also 

without a reductionist agenda.  Because it would consider decisions as a property, or an 

emergence from neural activity, there is not much use in trying to correlate the specific 

types of mental states which co-occur with brain states.  It is simply assumed that when 

some neural activity occurs, a decision is made.  Statements about correlations to brain 

states would be unnecessary, because decision making is considered a facet of a brain 

state, occurring at the same time, but not linked to it in any causal way.   

 An interactionist would do the opposite.  He or she would attempt to establish the 

specific contingencies in which a change in mental state entails a change in brain state, 

and vice versa.  Experimentally, this would probably take place on the instance, or token, 

level.  For instance, when faced with a choice to flee or fight a large animal, the brain 

receives sense information.  This sense information in some way interacts with the mind, 

which makes a decision.  This decision affects, and effects (brings about) another brain 
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state. 

 While there may be perhaps an infinite number of ways describing the sequence 

of interaction, both the levels of description at the mind level and brain level are retained.  

For the sake of producing a holistic picture of what it means to make a decision to fight 

or flee, as well as the assumption that mental states cannot be reduced to brain states 

(because they are metaphysically separate), both the physical and the mental are given 

importance.  At the theoretical level, a model of interaction could be formulated, and its 

generalizability could be tested in other token circumstances.  

 A reductive materialist makes the assumption, somewhat akin to the 

epiphenomenalist, that mind states and brain states are a part of the same phenomenon.  

The difference is that experimentally, a reductive materialist would try to explain the 

mental state in terms of the brain states.  It accepts that at this point, nominally, the two 

are considered separate.  In other words, reductive materialism accepts the prima facie 

supervenience of psychology on neuroscience.  A phenomenon like decision making 

would be approached in trying to show which brain states, and which brain states only, 

constitute the observable phenomenon of a decision.   

 Connecting principles may be used, but at the end of the day, a reductive 

materialist′s goal would be a logical sentence that has enough predictive value to reduce 

decision making to brain states.  A non-reductive materialist would believe, because of 

technological or epistemological reasons, that this is impossible.  He or she would believe 

that the phenomenon of decision making is, in a sense, a brain state (believing that the 

world is composed only of physical substances), but would not attempt a derivative or 

eliminative reduction.  

 An eliminativist would accept an eliminative reduction, and say that after 
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“decision making” has been effectively reduced, it should not be used as a concept, 

because the reducing explanation is a better explanation than the psychological theory of 

decision making itself.  Because the psychological construct of decision making may be 

predicated on the idea that there is some intention or volition, both of which eliminativists 

consider myths (Churchland, 1986; 1988; 1989; Dennet, 1987), the effort to reduce 

would be considered wasted time.  Eliminativism says that there is nothing substantive in 

folk psychology worth reducing, but it would not refute a sound eliminative-reduction. 

 Finally, a functionalist would consider the function of making a decision.  

Because of multiple realizability, a reduction of the psychological description of decision 

making to the neurobiological one would be unnecessary. Functionalism says that the 

primary function of:  <<sensory input, prior state>, <motor output, subsequent state>> 

can be instantiated in either level of description (psychological or biological) 

independently.  While some priority might be paid to the neurobiological, because as yet 

it is less understood, the psychological description of decision making is assumed to have 

revealed some aspect of the function for decision making. Unlike eliminativism, 

functionalism respects the autonomy of psychology in defining functions. 

 The above hypothetical about decision making are my own opinion, taken from 

the general descriptions of mind-body theories, given by authors who have written on 

them extensively.  Any given scientist may have more complicated attitudes towards 

mind-body relation; they may also hold one of the above views, yet in practice do 

research as if they held a different view.  My hope was merely to give an example of how 

ontological assumptions can affect approaches to conducting neuroscientific research.  

 The theories described in this chapter, along with their attitude towards reduction, 

are summarized (Table 3).  
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Table 3 

Mind-Body Theories and Their Reductionist Stands 

Name of Theory Attitude Towards Relation Attitude towards Reduction 

Substance Dualism 

Mind and Body are separate 
substances; the mind is 
‘constrained’ by the body, and 
causes physical states.  

Mental states are irreducible to 
physical explanation.  

Epiphenomenalism 
Mind states are properties of 
brain states – occurring with, 
and ‘above’ them.  

Mental properties are supervenient 
upon physical states.  There is no 
causal relation between them.  

Interactionism 
Mind states are properties of 
brain states; they are 
ontologically on equal footing.  

Mental properties are irreducible to 
physical states.  Mind states have 
effects on brain states, and vice 
versa.  

Reductive 
Materialism/Identity 
Theory 

Mind states are brain states.  

Eventually all mind states will be 
shown to be the same as brain 
states, utilizing a derivational and 
broad reduction.  

Eliminativism Mind states do not exist.  
An attempt to reduce is 
unnecessary, because ‘folk 
psychology’ is de facto misleading. 

 

 

 The next chapter will describe some of the subtleties of eliminative reduction, as 

well as argue for a non-reductive stance.  To relate eliminativism to psychology, 

questions about mental illness will be used.  Arguments will be framed from both the 

methodological and epistemological perspective. 

 

                                



46 
 

    CHAPTER III: REDUCING THE PERSONAL REALITY  

 

From 1.5 kilograms of flaccid matter, convoluted folds, about 100 billion neuronal 

components, hundreds of trillions of interconnections, many thousand kilometers of 

cabling, and a short cultural history emerged calculus, Swan Lake, Kind of Blue, the 

Macintosh, and The Master and Margarita   

-- Kristof Koch 

 

Outline 

 In this chapter I will discuss some of the problems with eliminative-reduction, 

focusing on two examples: mental illness, from the lens of psychiatry, and brain imaging, 

from the lens of clinical neuroscience.  I will discuss concerns about identity theorists’ 

reduction of psychological constructs, and address methodological and epistemological 

criticisms to eliminativism and eliminative-reduction. 

  I am not making the assumption that every neuroscientist is a reductive 

materialist or an eliminativist. I raised a concern in the first chapter about the prevalence 

of individuals attempting to reduce psychology to neurobiology, but any neuroscientist, 

any psychiatrist, any psychologist may maintain a reductive materialist agenda.  They 

also may be nonreductive materialists, or dualists.  In any case, I believe that scientists’ 

method to treatment, or research, will be affected by their philosophical orientation. 

 One approach to explaining depression will be examined, in the context of 

identity theory.  After describing this approach, I will bring up several arguments, on the 

token level (that is, against this specific example), which I believe refute an identity 

claim.  I will next move on to clinical neuroscience, which exemplifies an eliminative-
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approach to mental illness and the brain. In this case I will bring up an argument on the 

methodological level, which limits the ability of clinical neuroscience to make identity 

claims, or pursue true eliminative reductions.  Finally, I will address eliminativism.  I will 

introduce a concept which cuts to the heart of reductionism in neuroscience, and address 

the most salient remainder, which eliminativist criticism cannot account for.   

Biological Psychiatry 

 Psychiatry poses an interesting example from which to discuss identity theory. 

Being trained in both psychology and medicine, psychiatrists’ field seems to entail a 

conflict between the psychological and the biological, in explaining mental illness.  To 

address this conflict, the biopsychosocial model of mental illness was posited by George 

Engel, in 1977. It was offered as an integrative approach to mental illness, quelling the 

problem of conflict between psychological and biological explanations (DeGrury, 2003). 

It has been called a more comprehensive way to think about clinical conditions (DeGrury, 

2003 p.84): 

 When one considers the biological, psychological, and social dimensions of a 

 medical condition, mental problems become connected to physical problems – 

 etiologically, consequentially, or by some less direct association…like 

 overlapping areas of a Venn diagram. (DeGrury, 2003, p.85).  

Do the dimensions of the Venn diagram overlap neatly? For those who claim to adhere to 

the biopsychosocial model, is it possible that one area has become more emphasized? 

There is no conclusive answer.  There has long been a divide within psychiatry between 

those who emphasize the psychological, and those who emphasize the biological 

(Ghaemi, 2003; Luhrmann, 2000); specifically, in the time of Engel, the divide was 

between the medical model and psychoanalysis (Ghaemi, 2003). The medical model, or 
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“objective-descriptive” model, involves the following: observing symptoms, relating 

them to syndromes, diagnosing a disease, and finally treating that disease with medicine 

(Ghaemi, 2003).  The psychological emphasizes the use of psychotherapy, and 

emphasizes psycho-social factors in treating mental illness (Ghaemi, 2003).  

 While the biopyschosocial model exists today as a means of integrating all the 

components thought important to mental illness, Nassir Ghaemi, a psychiatrist from 

Harvard, says in his book The Philosophical Foundations of Psychiatry that the 

biopsychosocial model is deceptive. He believes that it is used to mask a lack of critical, 

philosophical introspection. Particularly, he says, psychiatrists use the biopsychosocial 

model as a means to avoid discussions of the mind-brain problem (Ghaemi, 2003). 

 He believes the biopsychosocial model is professed in place of a veiled 

dogmatism. Psychiatrists are dogmatic either to the psychological, or the medical model. 

Ghaemi also believes that the biopsychosocial model is also made synonymous with 

‘eclecticism’. By eclecticism, Ghaemi means the view that psychiatrists choose to be 

agnostic to the mind-body problem, or deny that they have one single view about how to 

explain mental illness (Ghaemi, 2003). Eclectics eschew any particular model of mental 

illness, but, in practice, do in fact have a veiled dogmatism towards the biological or the 

psychological (Ghaemi, 2003).  

 Dogmatists buy into a ‘mistaken monism’ (Ghaemi, 2003), in that they approach 

their patients with the understanding that one approach is sufficient to explain the 

patients’ mental health problems.  Because Ghaemi believes that most psychiatrists who 

espouse the biopsychosocial model are in fact dogmatists of one sort or another, he says 

that the biopsychosocial model is flawed (Ghaemi, 2003).  

 Though they might claim to not be dogmatists, Ghaemi thinks that they are not 
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being honest with themselves about their underlying views. Worse, they may just be 

doing what intuitively seems right for any given patient: making diagnoses, increasing 

drug doses, and offering etiologies that may not be based in anything except personal 

experience (Ghaemi, 2003).   

 Ghaemi particularly notes the biopsychosocial model for its vagueness. It merely 

says that when treating mental illness, you acknowledge biological, cognitive, and 

interpersonal variables (Engel, 1977). It makes no conjecture as to how these variables 

interrelate.  This leaves much room for interpretation (Ghaemi, 2003). As an eclectic, a 

psychiatrist may condemn a reductive, monistic form of explanation, but in practice will 

be enacting implicit mind-body assumptions. Because of its vagueness, the 

biopsychosocial model allows this mistaken monism to occur, under the attractive 

auspice of holism.  

 Considering the fact that many psychiatrists only meet with their patients for 15 

or 20 minutes to conduct med-checks, or receive updates about major life events 

(Ghaemi, 2003), this is worrying.  If a psychiatrist is making a faulty causal attribution, 

then a patient runs the risk of not being treated effectively, or possibly even being harmed 

by the long term side-effects of medications.  Patients concerned about the effects of 

medications, particularly new ones that may not have completely understood mechanisms 

may decide to see a psychotherapist, or a psychiatrist less oriented towards the medical 

model.  

 That is not to say that patients have any better understanding of the nosology of 

mental illness than psychiatrists. Psychiatrists are trained in both medicine and 

psychology for the purposes of providing more effective treatment (Ghaemi, 2003); 

therefore, their professional opinion has more sway than a patient’s. But patients do 
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retain some understanding of mental illness, which I believe psychiatrists have limited 

access to. They have their own subjective experience of being mentally ill.  

 For those psychiatrists who adhere to the medical model, the idea of subjective 

experience may seem irrelevant. They are likely to be reductive materialists (Insel & 

Quirion, 2005, Glannon, 2003; Ghaemi, 2003; Kandel, 2000), and because reductive 

materialists believe that mental states are nothing more than brain states, an appeal to 

‘subjective experience’ has little explanatory value. But what is the matter? Why should a 

psychiatrist’s philosophical position exert any effect on their success as healers?  

 There was a time when subjective experience was acknowledged as important for 

treatment. Originally the DSM-II incorporated subjective accounts of mental illness as a 

part of the diagnostic process. At the publishing of the DSM-III though, subjective 

accounts were removed and replaced with ‘objective’ signs and symptoms, which could 

be verified through inter-rater reliability and generalized to populations (Flanagan, 

Davidson & Strauss, 2007). 

 The DSM-IV-TR now bases its diagnostic criteria along five axes: major clinical 

disorder, personality disorder, medical illness, environmental contributors, and global 

assessment, ranging from 0-100 (as rated by the psychiatrist) (DSM-IV-TR, 2000). 

Treatments are guided by these criteria (DSM-IV-TR). Assumedly, the ‘objective’ 

accounts of mental illnesses would account for the subjective experiences of those who 

are mentally ill, but there have been studies that have shown that the DSM criteria for 

certain mental illnesses do not coincide with individuals’ experience.  

 For instance, a criterion for borderline personality disorder (BPD) is “identity 

disturbance: markedly and persistently unstable self-image or sense of self” (DSM-IV-

TR, p.710). Miller (1994) conducted a study in which he interviewed those diagnosed 
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with BPD, rather than reporting a loss of identity, could cogently and consistently 

describe who they were, and could speak about times when they felt as though they could 

not be themselves (Miller, 1994). Patients reported feeling estranged and inadequate, 

when they compared themselves to others (Miller, 1994). Miller clarifies, saying, “rather 

than having an impaired sense of self, they seem to have a sense of themselves as 

impaired” (p. 1216).  

 It would seem that integrating subjective experiences into diagnostic criteria 

would be a prudent goal for the next issue of the DSM. Despite the belief that patients do 

not have insight into their own illnesses (Flanagan, Davidson & Strauss, 2007), those 

insights may be necessary, in order to formulate a truly holistic understanding of mental 

illness (Flanagan, Davidson & Strauss, 2007).  Particularly, if patients’ subjective 

experiences are in conflict with the ‘objective’ account, then psychiatrists’ treatment 

strategy may run the risk of being unnecessarily deleterious.  

 Whether the inclusion of subjective experience necessitates a dualistic mind-body 

stance is an open question. But the manner in which reductive materialism instantiates 

itself in the practices of psychiatry is worth exploration. Psychiatrists who are reductive 

materialists would say that mental illness is an imbalance of neurotransmitters in the 

body (Insel & Quirion, 2005, Glannon, 2003; Ghaemi, 2003; Kandel, 2000). Because 

mental illness is a disease, and diseases are treated with medicine, it seems to make sense 

to say that mental illness is a dysfunction of the brain.  But the extent to which this 

position is feasible should be considered. To do this, I will examine a commonly utilized 

explanation for mental illness, and use it as a token example from which to argue against 

reductive materialism, e.g. the identity theory.  
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Depression and the Serotonin Hypothesis 

 The phrase ‘mental illness’ carries with it a certain linguistic suggestion (Kendel, 

2005). An illness is something that someone catches. It is caused by some pathogen, and 

is an abstract term to refer to the effects that pathogen has on the body. When speaking 

about mental illness, is the substrate of illness actually mental? Is mental illness literally 

a ‘disease of the mind’? (Kendel, 2005).  

 How someone answers this question is central to mind-body assumptions.  And 

when these assumptions are not made clear by those who are commissioned to treat 

mental illness, I believe laymen may make the conclusion that mental illness is 

isomorphic to any other type physical disease. Because mood disorders are some of most 

common forms of mental illness (DSM-IV-TR, 2000), one type will be used as an 

example, wherein confusions about physical causes may lead to identity claims. 

 Major Depressive Disorder (MDD) has been associated as a deficiency of 

serotonin levels. This is referred to as the “serotonin hypothesis.” (Lacasse & Leo, 2005).  

The serotonin hypothesis is often relied on heavily in direct-to-consumer advertising 

campaigns, which purport that selective serotonin reuptake inhibitors (SSRIs) can correct 

a chemical imbalance due to a lack of serotonin in the brain.  Though these 

advertisements imply that this claim is a proven fact, identifying depression with 

serotonin is incongruent with scientific evidence, which has not, as of yet, to make such 

determinations (Lacasse & Leo, 2005).  I will review some reasons why an identity claim 

between serotonin dysfunction and depression is, as of yet, impossible. 

 The term “imbalance” implies that an equilibrium of serotonin levels for non-

depressive functioning has been established.  This is a false claim, both because of 

methodological limitations in assaying brain chemistry, and the fact that no such baseline 
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has yet been conceived (Lacasse & Leo, 2005). As regards neurochemical assays, direct 

analysis of neurotransmitters in the brain is possible, but requires a sample of brain tissue. 

This is unrealistic for live populations (Kellermen, 2004).  

 Other resources for transmitter collection include taking cerebrospinal fluid (CSF) 

samples and urinalysis. CSF runs throughout the ventricles in the brain, as well as the 

spinal cord. To take a sample, the lumbar spine must be incised – what is called a spinal 

tap. Spinal taps run the risk of permanent damage to the spine or spinal cord, (Kellermen, 

2004); though they may be necessary in some cases for the detection of certain 

biomarkers, lie after acute injuries, they are not preferable for the detection of MDD.  

 Urinalysis is an indirect way of measuring neurotransmitter levels, and yields 

counts which include both neurotransmitters in the central nervous system, and the 

peripheral nervous system (Kellermen, 2004). In the central nervous system, along with 

its hypothesized effects on mood, serotonin is also associated with the regulation of 

appetite, sleep, and muscle contraction (Kandel, 2000). Also, roughly 80% of the body’s 

serotonin is located in the gastrointestinal tract. A urinalysis for serotonin would not be 

able to differentiate between amounts from the CNS or the PNS. Although decreased 

appetite and insomnia are common in MDD (DSM-IV, 2000), it is not clear whether 

depression is caused by a decrease of serotonin levels in the periphery or in the brain.  

 SSRIs work to block reuptake of serotonin by selectively blocking receptors that 

collect quanta of serotonin from the post-synaptic cleft, back into the presynaptic cell. 

Increasing the extracellular level of serotonin in the extracellular space between the 

presynaptic and postsynaptic cell increases the likelihood of chemodynamic binding to 

postsynaptic receptors (Kandel, 2000). This is thought to exacerbate excitatory effects, in 

serotonergic pathways. And hypothetically, because of serotonin’s role as an agonist, 
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more activation in serotinergic pathways leads to improved mood. 

 Experimental data have shown that the degree of dosage used for many SSRIs 

may not be high enough to produce the effects they claim (Mendels, Stinnett, Burns, 

Frazer, 1975; Beulig, 2008). Furthermore, the multi-purpose nature of serotonin as a 

neurotransmitter makes it unlikely to be causally responsible for MDD (Lacasse & Leo, 

2005). Some argue that the fact that some have experienced reduced depressive 

symptoms from taking SSRIs provides evidence for the serotonin hypothesis, but such 

reasoning is invalid, and akin to saying that because aspirin relieves headaches, 

headaches are caused by a deficit of aspirin in the brain (Lacasse & Leo, 2005).  

 It may actually be the case that SSRIs themselves induce a chemical imbalance of 

serotonin, due to the desensitization of autoreceptors in post-synaptic cells. This causes a 

down-regulation of the amount of serotonin which the post-synaptic cell would normally 

be producing, on its own.  The existence of ‘discontinuation syndrome’ also seems to 

support this idea. Although SSRIs are not thought of as addicting, or as entailing nearly 

as high of a dependence-risk as benzodiazepines (tranquilizers), some who attempt to 

stop taking SSRIs experience severe, withdrawal like symptoms (Broekhoven, Kan & 

Zitman, 2002). These are frequently thought by patients to be a recurrence of their 

original symptomology (Broekhoven, Kan & Zitman, 2002), and may necessitate the use 

of SSRIs again, just to relieve the symptoms due to discontinuation (Broekhoven, Kan 

 &, Zitman, 2002). 

 Efficacy trials have also shown SSRIs to be equivocally effective compared to 

other means of relieving depressive symptoms. Kirsch, Moore, Scoboria and Nicholls 

(2000), using the Freedom of Information Act, reviewed all clinical trials of 

antidepressants submitted to the FDA for approval, and found that for both published and 
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unpublished studies, the placebo was able to duplicate 80% of the antidepressant effect 

(Kirsch, Moore, Scoboria, & Nicholls, 2000).  There are also studies measuring the 

comparison of SSRIs with other medications, such as tricyclic antidepressants (TCAs), 

buproprion, and reboxetine.  These drugs were found to be just as effective in treating 

depressive symptoms (Karvoussi, Segraves, Hughes, Ascher, 1995). 

 TCAs block the reuptake of biogenic amine neurotransmitters, both serotonin and 

norepinephrine (noradrenalin). Norepinephrine has its own, complicated pathways 

throughout the central nervous system, which innervate broad areas of the brain and act 

on an array of receptor types (Kandel, 2000). The mechanism of SSRIs also cannot 

account for the relative success of electro-convulsive therapy (ECT), which has also 

shown to relieve depressive symptoms (Fink, 2001). ECT is a procedure which induces a 

controlled brain seizure (Fink, 2001). A randomized, controlled study examined the 

effects of SSRIs combined with cognitive behavioral therapy to SSRIs alone, and found 

no significant difference between the two in relieving majorly depressed patients’ 

symptoms (Goodyer et al., 2008).  

 Another issue is the latency between drug administration and symptom relief. 

Average time for effects to be shown with SSRIs is six weeks (Kirsch et al., 2000) while 

for those who experience relief from TCAs, onset is typically immediate (Kandel, 2000; 

Kirsch et al., 2000). Considering TCAs’ different mechanism of action, as well as the fact 

that they act upon norepinephrine, in addition to serotonin, shared relief of depressive 

symptoms between TCAs and SSRIs seem to be due to different physiological processes 

in the brain. 

 Although the data presented above are limited, they do demonstrate that the 

serotonin hypothesis is still a hypothesis for a reason. The efficacy trials that show SSRIs 
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to be equivocally effective at relieving depressive symptoms compared to other 

antidepressants and treatments seem to indicate that, though serotonin may be implicated 

in MDD, it is not the cause of it.  

 If it were possible to establish a baseline “normal” level of serotonin, and it could 

be shown experimentally that all of these methods work towards restoring this baseline, 

then you could make a stronger claim. But, as of now, if a lack of serotonin cannot 

explain MDD without remainder, then one cannot make the claim that depression is a 

lack of serotonin in the brain. Because any eliminative reduction is also a broad 

reduction, it is susceptible to the same principles.   

 That being said, the different treatments for depression might be suitable for a 

potential derivation reduction. If connecting principles could be found, then a reduction 

could be accomplished; however, no conclusive connecting principles have been 

established.  Perhaps, after investigation, formulas will be derived that take into account 

all contingencies that go into MDD: things like genetic predisposition, brain physiology, 

environmental factors, etc., but within the bounds of broad reduction, an identity claim 

between depression and serotonin dysfunction does not work.  You could say that 

depression is supervenient on some sort of neurochemical imbalance, but as of yet, it 

cannot be proven that it is serotonin. You cannot explain depression, in terms of 

serotonin. 

 Many psychiatrists use anti-depressants in combination with psychotherapy to 

provide multiple approaches to treatment.  Whether this eclectic approach is used due to a 

non-reductive mind-brain stance, or merely because of the fact that as of yet, anti-

depressants alone cannot treat depression, is difficult to ascertain. But the patients who 

show improvements probably do not care about such philosophical meanderings.  
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Pragmatically speaking, if a medication shows positive effects, why should a psychiatrist 

hesitate to prescribe it?  

 I have no contention with those who garner positive effects from an eclectic 

approach; however, as outlined in the beginning of this section, the biopsychosocial 

creates significant space for ambiguity. Within this ambiguity, the possibility that there 

are psychiatrists operating under a veiled reductive materialism brings up concerns about 

their prescription patterns and etiological suggestions. 

 I have attempted to show in this section that the serotonin hypothesis does not 

retain enough explanatory power to warrant making a causal attribution between a 

serotonin imbalance and depression. This argument was primarily based upon the 

principles outlined in chapter I: that any broad reduction show that T accounts for all 

observable phenomena in T′. The long latency between onset of prescription of SSRIs 

and relief of depressive effects, as well as the evidence that treatments not using 

serotonin as their primary mechanism (such as ECT ) can achieve the same effects are 

both examples of why a causal attribution between serotonin and depression cannot be 

made, because of the large remainder. This calls into question potential overemphasis on 

psychopharmaceuticals, which a reductive materialist may fall victim to. 

Clinical Neuroscience and Constraints on Functional Localization 

 I will now move in the more explicit direction of neuroscience, and examine the 

ways in which neuroscientists could pursue eliminative reductions.  In other words, how 

would a neuroscientist actually go about trying to reduce mental states to brain activity, 

and what are the problems with such a reductive endeavor? Besides the data gained from 

neuropsychology, which examines those with brain damage and makes conclusions about 

functional localization via negative means (after the fact), there is also a positive 
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(additive) endeavor to achieve functional localization.  This takes the form of brain 

imaging (Roth, Randolph, Koven & Isquith, 2006).  

 We understand how sensory systems operate.  We can describe the way in which 

stimuli are transduced into electrical signals, and how these signals are in turn conducted 

along axons, via action potentials. We know that information about the external stimulus 

is encoded by the frequency of these action potentials (Kandel, 2000), and the mechanism 

by which these action potentials are perpetuated. 

 Myelin insulates axons, and allows for ionic gradients within axons to renew the 

electrical pulse via saltatory conduction (Kandel, 2000). Finally, we understand the role 

that neurotransmitters play in the excitation and inhibition of action potentials, which 

perpetuate diffusely throughout complicated neural networks composed of billions of 

cells.  

 But is this knowledge -- this explanation of diffuse neural activity -- sufficient to 

explain mental illness? Just as there is a sub-division within neuroscience called cognitive 

neuroscience, there is another, called clinical neuroscience, which concerns itself in 

explaining mental illness in terms of neural activation (Milner, Squire, Kandel, 1998). 

While many of the conclusions in cognitive neuroscience are drawn from brain imaging 

studies wherein participants will be put into an MRI machine, and given certain, highly 

specific stimulus-response tasks, previously associated with the cognitive faculties in 

question (Milner, Squire & Kandel, 1998), clinical neuroscience investigates clinical 

populations and conditions.  

 These can range from mental illness, to brain tumors, to the perception of pain 

(Journal of Clinical Neuroscience, 2010). Findings from cognitive neuroscience are 

drawn upon, when constructing study protocols, but stimulus-response tasks may or may 
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not be utilized. The Journal of Clinical Neuroscience Research cites its purpose and 

content (JCNR, 2010, p.1): 

 clinical investigations which further our knowledge of cognition, mood, behavior 

 and motor function of both normal and abnormal brain function.  It will include 

 articles on the cellular, neurophysiological, and molecular functioning of the 

 central nervous system.   

From the above description, one of the aims of clinical neuroscience includes comparing 

clinical populations to non-clinical populations, for the purposes of investigating the 

neural functions associated with particular disorders.  While it is concerned with 

explanations at several levels, it is the neurophysiological which I am concerned with. 

 Previously these types of investigations could only be gained through 

neuropsychology, which makes conclusions about brain function by looking at deficits, 

after damage, or after the fact. The advent of functional magnetic resonance imaging 

(fMRI) has made investigations into the functioning of the brain more accurate, because 

it can collect data about brain activity closer to its occurrence, and does not require brain 

damage (Roth et al., 2006).  

 I am taking brain imaging as an example of an already existing endeavor to 

reduce the mental to the physical. As mentioned in the first chapter, I do not think that 

this reductionism need instantiate itself explicitly in the individual attitudes of 

researchers, but rather it shows implicitly in their research.  William Uttal (2001, p.4) 

elaborates on this idea:  

 So seductive and exciting have the new technologies been, and so important the 

 promises of understanding at last how the brain is related to the mind, that the 

 bedrock issues of the  accessibility and analyzability of cognitive processes and 
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 brain loci have largely been ignored…The very posing of the problem [relating 

 brain activity to cognitive processes] presumes a monistic ontology and a non-

 mystical, realistic, materialistic, and naturalistic philosophy. 

 Functional magnetic resonance imaging (fMRI) relies on the finding that after an 

action potential, there is an influx of oxygenated blood into neurons. This influx occurs to 

compensate for the energy required by sodium-potassium pumps in the neuron, as well as 

to prepare the neuron for further metabolic processes (Roth et al., 2006, Uttal, 2001) To 

measure this blood flow, the ratio of deoxygenated blood to oxygenated blood is 

calculated, based upon the resonance patterns of hydrogen, when run through a magnetic 

field.  

 Hydrogen, when present in oxygenated hemoglobin, versus deoxygenated 

hemoglobin, shows a slightly different resonance pattern; the method of measuring the 

difference between these resonance patterns is called blood oxygenation level dependent 

(BOLD). It takes 4-6 seconds to detect this difference between oxygenated and 

deoxygenated hemoglobin. For this reason, fMRI has poor temporal resolution. It cannot 

determine, for instance, that at this exact moment, some neural activity has occurred.  

 An activation threshold is designated, and the areas of the brain where BOLD 

activity above this threshold are averaged, and represented three dimensionally (Roth et 

al., 2006; Uttal, 2001). Volumetric pixels, or voxels, are colored based upon the intensity 

of the difference in deoxygenated to oxygenated blood, and displayed on an x/y/z 

coordinate plane, which itself is superimposed onto the actual MRI scan of the brain. 

Though fMRI has poor temporal resolution, it has comparatively good spatial resolution. 

It is able to pinpoint BOLD changes to within a cubic centimeter (Uttal, 2001). 

 But what does a measurement about differences in blood flow actually say about 
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neural activity? The precise relation between cerebral blood flow and neural activity is 

still under question (Roth et al., 2006, Uttal, 2009). Because it is, as of yet, impossible to 

directly measure focal action potentials, in vivo (this would require invasive measures) it 

would seem to be a misnomer to say that neural activity is being measured directly. 

Rather, cerebral blood flow is an indicator, of what might be called neural activity.  

 Many of the imaging studies in clinical neuroscience borrow tasks from cognitive 

neuroscience, particularly those that pertain to executive functions (Roth et al., 2006).  

Executive functions are “supervisory cognitive processes involved in the selection, 

initiation, execution and monitoring of complex domain specific cognitive processes and 

motor responses, as well as aspects of emotional processing (Roth et al., 2006, p.2)  

 Findings are used to predict expected activation areas, and clinical samples are 

compared to healthy ones to detect differences.  An example paradigm is in the 

investigation of self-awareness, or self-monitoring. Self-monitoring, presumably, would 

be one aspect of types of mental illness. Indeed, excessive rumination upon self-other 

interactions is one characteristic many diagnosed with MDD (DSM-IV-TR, 2000). 

Studies on self-monitoring have involved asking subjects to perform tasks or answer 

questions in the scanner; they are designed to make the subjects think either about 

themselves, or others. 

 For example, to induce self-monitoring one study asked non-clinical subjects to 

read a list of words, which were descriptions about their own personalities (Kircher, 

Senior, Phillips, Benson, Bullmore & Brammer, 2000). The subjects had provided these 

descriptions prior to the study, so the latency between writing and remembering was 

controlled for. Descriptions were read with subjects lying down in the MRI scanner for 

about an hour (Kircher et al., 2000). It should be noted that although improvements have 
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been made to MRI scanners in recent days, the magnet is typically quite loud (Uttal, 

2009).  

 From the self-descriptive study, results showed activation in the left-hemisphere, 

left inferior frontal, left anterior cingulate, left parietal cortex, and bilateral precuneus 

regions (Kircher et al., 2000). Activation patterns garnered from other self-monitoring 

studies typically showed activation in the anterior and posterior cingulate cortex, as well 

as bilateral frontal regions (Roth et al., 2006). The generality of these findings, however, 

is disputed (Morin, 2002). Other studies show drastically different activation patterns, 

which seem to change depending on the task being used to induce self-monitoring. 

 For example, another study asked participants to read brief stories, and then 

attribute responsibility to themselves, or to others (Vogeley, Bussfield, Newen, 

Herrmann, Happe & Falkai, 2001). Activation was recorded in the bilateral anterior 

cingulated cortex, right premotor cortex, bilateral precuneus, and the right temporal-

parietal junction (Vogeley et al., 2001). These findings may indicate that self-monitoring 

is actually composed of several, different processes; or, it may just be that self-

monitoring involves several spatially separate, but functionally overlapping regions of the 

brain.  

 In a review paper of a host of the brain imaging studies done on self-monitoring 

(Roth et al., 2006) in the last ten years, it was posited that not only self-monitoring, but  

many other executive functions, are involved in mental illness (Roth et al., 2006). 

Working off of this idea, other researchers have attempted to correlate self-monitoring--a 

construct created for the proposes of brain imaging--to mental illness. 

 In one study, self-monitoring was examined in a sample of schizophrenics. 

Researchers attempted to see whether a lack of self-monitoring contributes to the core 
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syndromes of schizophrenia, which in this case included either paranoid-hallucinatory 

syndrome, or formal thought-disorder (Knoblich, Stottmeiser, Kircher, 2004). 

Participants included those diagnosed under DSM-IV-TR criteria for schizophrenia, with 

either of the syndromes (n = 27), and a matched, non-clinical control group (n = 23). For 

this experiment, participants were asked to draw circles on a PC-tablet, while observing 

the way in which their hand movements correlated with the drawings on the display 

(Knoblich, et al., 2004).  

 After a few circles were drawn, the mapping between the tablet and the displayed 

drawing was dramatically altered, so that the pointer gained distance from its point of 

reference. The purpose of this task was to determine whether those with schizophrenia 

would be able to compensate for the change (Knoblich, et al., 2004). Measured by the 

root mean squared error of the spatial distance from the tracking signal, healthy controls 

and schizophrenics were shown to not be significantly different (Knoblich, et al., 2004). 

It should be noted, this study took a completely different approach from the fMRI studies 

previously described. That is, the type of self-monitoring being correlated with 

schizophrenia may have not even been the type measured in the fMRI studies.  

 Even though both Kircher et al.’s personality-description study (2000) and 

Knoblich et al.’s drawing study (2004) have elucidated what are probably important 

details relating self-monitoring and clinical symptoms, the two cannot be seen as 

complimentary. Kircher et al.’s study certainly added to the understanding of functional 

areas of the brain, but whether those areas are actually involved in self-monitoring, or 

some other cognitive process, is unclear. To extrapolate investigations into clinical 

populations based upon constructs that have not been psychometrically validated may 

lead to faulty conclusions or type II errors.  
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 This does not mean self-monitoring is not involved with mental illness. The 

problem is that the functional localization of self-monitoring is still at a preliminary 

stage. The array of reviewed fMRI studies all used different means of initiating self-

monitoring, and hence instead of localizing its function focally, could only localize it 

diffusely (Roth et al., 2006). Some of the specific areas reported active in self-monitoring 

are themselves associated independently with a breadth of other functions; one example 

is the prefrontal cortex (Kandel, 2000). Most of Phineus Gage’s injuries included focal 

damage to the pre-frontal cortex, and Gage’s symptoms were highly complex, including 

entire personality changes (Damasio, 2004). 

 Other studies, based upon the assumption that there are impairments in executive 

functions in mental illness, carry on in a similarly disjointed fashion. Research into 

executive dysfunction for Attention Deficit/Hyperactivity Disorder (ADHD) has yielded 

an array of data which seem to show that for both children and adults with ADHD there 

are primary deficits in working memory, as well as response inhibition (Roth et al., 

2006). These conclusions were drawn based upon a smattering of previous studies 

thought to have localized these executive functions in the brain (Roth et al., 2006).  

 From those previous studies working memory was associated with activation in 

the inferior frontal gyrus, dorsolateral and ventral frontal cortices (Goldberg, Herman, 

Randolph, Gold & Weinberger, 1996; Jonides, Smith, Joeppe, Awh, Minoshima & 

Mintum, 1993). Also, bilateral frontal and parietal lobe activation was noted, though in 

some cases there was hemispheric asymmetry. This was attributed to the different types 

of tasks used, which included verbal, spatial, and delayed response types (Roth et al., 

2006). The posterior parietal cortex, anterior cingulate gyrus, and basal ganglia were also 

implicated (Petrides, 1996). 
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 From these brief examples, it should be clear that the overlap between cognitive 

and clinical neuroscience is perhaps not so clean. While data keeps pouring in on 

functional areas implicated for executive functions, clinical trials use that data to try and 

see how they are involved in mental illness. But the groundwork has not been laid. 

Presumably, one of the goals of cognitive neuroscience would be to correlate all of the 

voxel maps for any given construct to extract common factors, in order to clarify exactly 

what self-monitoring is, but it seems to rather be occupied with collecting as much data 

from as wide an array of cognitive tasks as possible.  

 At what point, assuming that fMRI studies continue in this somewhat insulated 

manner, attempting to study independent executive functions while controlling for others, 

could findings be integrated into a holistic picture of mental illness? The difficulty of 

controlling for other stimuli besides those directly under question seems to hinder the 

progress of being able to make strict localizations. After all, there is no point when the 

brain is not receiving stimulation (Kandel, 2000). 

 After a long period of scanning, thresholds could be adjusted according to what 

might be considered baseline activation patterns (from things like visual input from the 

walls of the scanner, auditory input from the magnet, emotional reactions, etc.). “Event-

related” paradigms in fMRI claim to be sensitive to fluctuations in mood and other 

environmental variables, in that they present stimuli in a random order (Roth et al., 2006) 

as opposed to in blocks. But event-related designs still adhere to the exact same cognitive 

tasks, which may, or may not, have anything to do with the cognitive function under 

question. 

 But my concerns are less about the correct way to do brain imaging and more 

about the potential claims that clinical neuroscience may make about mental illness and 
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functional localization. While loose localizations have been achieved from cognitive 

neuroscience, strict (one-to-one) localizations have not. To take these general findings 

and attempt to map them onto mental illness seems to me premature. To say, analogous 

to the claim that depression is a malfunction that ADHD is a dysfunction of the working 

memory areas of the brain, is, in my opinion, infeasible.  But assuming that there may be 

a point when the cognitive tasks utilized are narrowed down, and executive functions can 

be concisely described at the psychological level, gaining explanatory power, there still 

exist further impediments to eliminative reduction.  

Neuroplasticity and Disjunctive Statements 

 For a long time it was thought that there were critical developmental periods, in 

which if a domain specific area – like Broca’s area -- did not develop, it never would 

(Huttenlocher, 2003). Once these critical periods passed, it was surmised that the brain 

lost its capacity to learn certain things (Huttenlocher, 2003). These areas were considered 

immutable (Nudo, 2006). It was also thought that the number of neurons in the brain, 

after early childhood, was fixed (Nudo, 2006). 

 In the 1960’s several animal studies began to demonstrate that the brain is not so 

immutable. Rat studies began to be published that described larger brains and increased 

cortical volume, for those that were raised in enriched environments (Bennett, Diamond, 

Krech, Rosenzweig, 1964). Later, it was shown that rats raised in enriched environments 

also had larger neuronal somas, larger synaptic contacts and dendritic spine density, more 

complicated dendritic branching, and a higher synapse-to-neuron ratio (Mohammed et al., 

2002). 

 While it was still believed that once adulthood was reached, no new neurons 

could be formed, it was found that even in adult rats there exists neurogenesis (the 
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creation of new nerve cells) within the hippocampus (Kempermann, Kuhn & Gage, 

1998). These initial studies ignited a whole new realm of inquiry. Through further animal 

studies and refined theories regarding exactly how the environment (particularly, sense 

data) shapes cortical changes, it was found that through experience, both the structure and 

physiology of the brain can change (Huttenlocher, 2003). This phenomenon is referred to 

as neuroplasticity (Nudo, 2006). It has been found to also exist in humans (Nudo, 2006; 

Huttenlocher, 2003).  

 Human adults have also demonstrated neurogenesis in the hippocampus. There 

has also been much research into the recovery of sensory and motor functions post-stroke 

and acute central nervous system damage. It has been shown that those recovering from 

stroke can regain some speech function, and that depending on sensorimotor input, those 

recovering from debilitating paralysis can even regain some of their previous motor 

function (Nudo, 2006; 2003; Huttenlocher, 2003). Studies have also demonstrated the 

existence of extensive cortical rewiring following traumatic brain injury in monkeys 

(Dancause et al., 2005), as well as cases of spontaneous recovery of motor function in 

humans, following traumatic brain injury (Nudo, 2006). 

  The discovery that the brain can literally rewire itself, that axons can form entirely 

new functional pathways, and that in certain extreme cases, such as in hemispherectomy, 

gross structures can take over the functions of others (Huttenlocher, 2003) must influence 

the way that we think of the brain, as an organ to be studied. Though there is still much 

research being conducted into the mechanisms by which neuroplasticity works, it still 

retains implications for discussions on eliminative-reduction. 

 Neuroplasticity puts a strong limitation on the potential normativity of strict 

functional localizations. Because a given brain structure has the potential of changing, 



68 
 

based upon extenuating environmental input, a generalizing attribution of functioning 

cannot be made. It may be the case that for 99.9% of the human population, the 

corticospinal pathway projects down through the thalamus and the cerebral peduncles, 

crosses over at the pyramids, and extends through the dorsal part of the spinal cord. But 

because of the possibility of people who are different, and in light of evidence that 

evidences motor remapping, you cannot say that the corticospinal tract is the motor 

control pathway. You could say that generally it is, but also must acknowledge the 

variance. 

 The corticospinal tract is relatively simple, anatomically, compared to other parts 

of the central nervous system. Perhaps you could say, “so and so activity in the amygdala 

indicates a fear response.” Perhaps you could predict that any human being, when forced 

to encounter a large bear, would show this same activation pattern. But considering the 

possibility that at some point in the future this structure of the brain may take on the 

functioning of another, you cannot make this identity claim, at least not until it has been 

proven experimentally that the amygdala is immutable. But where does this leave a 

reductionist? Should scientists stop attempting to describe the neurophysiology correlated 

with fear responses? I do not believe so.  

 Reductive explanations would need to be limited to derivations. In regards to 

functional localizations, most of the derivations or logical sentences would have to take 

the form of disjunctive statements. For example, “a fear response is this or this or 

this…[n].” Alternatively, scientists could take a non-reductive stance, accepting that in 

some cases certain mental states are too complex, and that they supervene upon brain 

states (Clark, 1980).  

 But for those dedicated to reductive materialism, there are still other limitations 
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besides neuroplasticity that will make any reductive endeavor, whether eliminative or 

derivative, difficult. They are mainly limits on normativity, which, if not considered, 

would lead to explanations with remainders. For instance, comparing clinical populations 

to ‘healthy’ populations is problematic. Considering that criteria for clinical diagnoses 

typically include DSM-IV-TR criteria, which are not widely agreed upon. The DSM-V 

has been in deliberation for ten years, and is poised to dramatically revise certain criteria 

for mental illnesses, as well as add new categories (American Psychiatric Association, 

2010).  

 Although random sampling is good for distributing variance caused by individual 

differences, brain imaging studies typically have few participants, both because of the 

ethical concerns using clinical samples, and the cost of using an fMRI machine for even 

an hour (Uttal, 2009). Small sample sizes, as well as the previously mentioned difficulty 

in controlling for ‘baseline’ activity are also limits to normativity.  

 Another consideration is that of children. While it may someday be possible to 

make identity statements between a given cognitive phenomena associated with mental 

illness and a local burst of neural activity, this may never be true for children. Seeing as 

the prevalence of diagnosing children with mental disorders has increased (Dawdy, 

2010), the use of psychopharmaceuticals such as SSRIs, making the assumption that what 

works for adults will work is potentially dangerous.  

 Left-handed people are under-represented in imaging studies, because of different 

hemispheric lateralization (Lacasse & Leo, 2005).  There are also cross cultural issues. 

There have been few comparative studies between brain functioning of those in one 

country, to those in another. For example, one study did attempt to investigate 

Americans’ neural activity in response to domestic and foreign music (Morrison et al., 
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2003), but its results were inconclusive. Considering the role environment is posited to 

play in neuroplasticity, more cross-cultural research is needed to make generalizable 

claims. 

 

Summary of Token Arguments against Identity Theory and Eliminative-Reduction 

 The biopsychosocial model of mental illness, while superficially attractive, entails 

the same philosophical problems encountered in the mind-body problem. Because 

psychiatry seems to be the locus where these problems converge, it was briefly discussed. 

Making the assumption that some psychiatrists are identity theorists, believing that the 

mind and the brain are the same, and that this view arises via psychopharmacology, the 

serotonin hypothesis was examined. The possibility of making an identity claim between 

a serotonin imbalance and depression was refuted.  

 Functional magnetic resonance imaging was examined under the lens of 

eliminative-reduction. The feasibility of strict (one-to-one) localizations was examined. 

Methodological limitations were discussed; these included the temporal latency of 

measurements, the difficulty of controlling for complex stimuli while attempting to 

isolate others, and the inconsistency of findings due to different experimental designs. 

Borrowing inconclusive findings about executive functioning and attempting to explain 

mental illness in terms of them becomes problematic. 

 The body of research for fMRI is limited at this point. Didactic complaining about 

its methods is unlikely to lead to any major changes; however, precisely because of the 

infancy of the domain of research, the types of claims made by researchers need to be 

carefully examined. For instance, researchers have claimed that the areas of the brain for 

“mate choice” have been discovered, based upon one study with only 17 participants 
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(Fisher, Aron & Brown, 2007). This claim needs to be considered critically under the 

requirements of any eliminative reduction. The previous section attempted to describe 

these requirements, and the problems encountered in attempting to localize function in 

the brain. 

Eliminativism and The Hard Problem 

 As stated earlier, any broad reductionist claim must adhere to the principle of 

explanations without remainder.  If one assumes that someday we may have the 

technology to be able to make identity claims about mental illness and brain states, is it 

still possible that some fundamental aspect would be left unexplained? 

Returning to the formal requirements of eliminative reduction, if psychological variables 

are being reduced, and there is a remainder, then the reduction is unsuccessful.  The 

reducing theory must have at least as much explanatory power as the reduced theory; it 

must be able to explain at least the same phenomena as the reduced theory.  

 In chapter two, an argument was described that is employed in favor of dualism; 

this was the argument from knowledge. The example of Mary the scientist was used to 

demonstrate that a purely neurobiological account of the process of vision still left 

something unaccounted for. In that case, the unaccounted thing was said to be qualia. For 

Mary, the neurobiological explanation cannot account for what it is like for her to see 

something. It cannot account for the subjective experience of seeing. 

 The phrase, “what it is like” originated with another thought experiment. In his 

1974 essay, What is it like to be a bat? Thomas Nagel proposed that we could describe 

echolocation, and all of the physiological underpinnings of what it means to be called a 

bat, but that we cannot know what it is like to be a bat, because we are not bats (Nagel, 

1974). He speculates that if any organism has conscious experience at all, then it means 
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that there is something it is like to be that organism. The nature of this ‘being’ is for the 

organism, something that only it has access to (Nagel, 1974). He goes on to call it ‘the 

subjective character of experience’ (p.392).  

  Qualia, per their character, arise out of a subject, not an object. Therefore, they 

cannot be studied in an objective way like properties or functions might, but rather must 

be approached in a completely different manner. Either that, or a connecting principle 

bridging the objective with the subjective must be discovered. But as of yet, no general 

theorem of subjective experience, no ‘psycho-physical’ law, has yet been deduced. There 

have been proposals, influenced by Hegel’s phenomenology (Dennett, 1991) but none of 

which have caught on in mainstream thought. 

 This separation between the objective aspects and subjective aspects of 

phenomena is called the explanatory gap (Horst, 2007; Levine, 1983). The idea of the 

explanatory gap was first posited by Joseph Levine. He spoke particularly of the mind-

body problem, and explanations about consciousness (Levine, 1983). He elaborates on 

Nagel’s initial concerns about being able to reduce conscious experience, or the what it is 

like to naturalistic, or even functionalist terms. Using the example of an identity claim 

between pain and ‘c-fiber’ firings, he says (1983, p.357):  

 There is more to our concept of pain than its causal role, there is its qualitative 

 character, how it feels; and what is left unexplained by the discovery of C-fiber 

 firing is why pain should feel the way it does! For there seems to be nothing about 

 C-fiber firing which makes it naturally ‘fit’ the phenomenal properties of pain, 

 any more than it would fit some other set of phenomenal properties…Unlike its 

 functional role, the identification of the qualitative side of pain with C-fiber 

 pairing (or some property of C-fiber firing) leaves the connection between it and 
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 what we identity it with completely mysterious. 

Unlike any other reductive explanation, accounting for subjective experience seems to 

pose a problem that cannot be answered in naturalistic or functionalist terms. Whereas a 

heart can be explained naturalistically as a collection of cardiac muscle, connected by gap 

junctions, nerves and blood; or functionally, as a thing that pumps blood, neither suffice 

to account for what it is like to feel your heart pumping. Both Levine and Nagel agree 

that successful reductions must not leave unexplained phenomena – hence the 

explanatory gap. 

 The explanatory gap has resurfaced in contemporary times, partly due to the work 

of David Chalmers, who has contextualized it within contemporary neuroscientific 

debates about consciousness (Horst, 2007; Chalmers, 1995; 1996). Chalmers speaks of 

the “hard problem” of consciousness, which exists because of the explanatory gap, and 

the soft problems of consciousness. In his influential paper, Facing Up, Chalmers 

clarifies (1995, p.3):   

 The easy problems of consciousness are those that seem directly susceptible to the 

 standard methods of cognitive science, whereby a phenomenon is explained in 

 terms of computational or neural mechanisms. The hard problems are those that 

 seem to resist those methods. 

The soft problem of consciousness encompasses some of the contemporary breakdowns 

in neuroscience. These include: the ability to discriminate, categorize, and react to 

environmental stimuli; the integration of information by a cognitive system; the 

reportability of mental states; the ability of a system to access its own internal states; the 

focus of attention; the deliberate control of behavior; and the difference between 

wakefulness and sleep (Chalmers, 1995).  
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 Many of these aspects of consciousness are assumed to be represented by 

investigations into the executive functions of the brain. The aforementioned construct of 

self-monitoring likely entails, to some extent, parts of the soft problems. The specific 

contingencies necessary to make reductions from brain imaging studies into the executive 

functions apply generally to the soft problems. But again, taking an optimistic stance and 

saying that neuroscience may someday be able to make derivative reductions and identity 

claims between certain brain states, what would be reduced are only the soft problems 

(Chalmers, 1995).  

 The hard problem is hard precisely because neuroscience seems to have no access 

to it. It is relevant to psychology in that psychological states also retain a what it is like to 

be in those states. Clinical neuroscience may be able to explain all of the 

neurophysiological and neurochemical facets of MDD, for instance, but it cannot explain 

what it is like for a person to be depressed. Because any derivative or eliminative 

reduction must also be a broad reduction, the only options are to reject the existence of 

the hard problem, or acknowledge caveats to every reductive explanation acknowledging 

that there is a yet-unexplained part of it. 

 Eliminativism rejects the hard problem of consciousness (Churchland, 1989; 

Dennett, 1996; 1991). Because eliminativism adheres to a strict physicalism and 

naturalism, which says that the only things in the world are physical, and that all 

explanations of that world may be formulated on the basis of the terms utilized by natural 

sciences, the idea of conscious experience runs into obvious conflict. Analogous to its 

criticisms of dualism, in general, eliminativism says that merely declaring the existence 

of a thing which cannot be explained naturalistically does not entail that it actually exists 

(Churchland, 1988). Vice versa, if ‘hard’ consciousness cannot be explained 
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naturalistically, then it does not exist.  

 All of the terms used to substantiate a non-reductive attitude: qualia, experience, 

even consciousness itself, are considered to be so vague and ephemeral, they could never 

explain phenomena with the same level of accuracy as the natural sciences. For this 

reason, they are considered illegitimate concepts. Recalling the replacement assumption 

from chapter one, which says, “assuming T will provide a more fundamental explanation, 

it should subsume T′ “ (Clark, 1980, p. 27), eliminativism assumes that explanations put 

in terms of the physical sciences provide a more fundamental description of reality than  

terms like consciousness, or qualia  (Churchland, 1989). 

Dennett’s Heterophenomenology  

 Daniel Dennett, a stark eliminativist, has published widely on his reasoning why 

qualia and consciousness are illegitimate concepts.  In Consciousness Explained (1991), 

he speaks on why he thinks so much emphasis has been placed on qualia. He believes 

that because many philosophers begin from what is closest to them; that is, their own 

intuition, but that they take for granted that their own intuition is actually their own 

(Dennett, 1991). 

  Dennett believes that such an intuition exists, but that it is nothing more than an 

intuition, or a sort of ‘striving’ towards (Dennett, 1991). He thinks that any exploration of 

consciousness, while taking into account subjective accounts, will simply reveal that 

there is some reason for a subjective account to be occurring (Dennett, 1991). 

Presumably, these reasons can be explained naturalistically, and so what is understood in 

the folk sense as intuition, really entails something like the reportability of mental states.   

 To substantiate these claims, Dennett proposes what he calls 

‘heterophenomenology’, which is method he considers as a scientific, 3rd person 
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approach to the study of consciousness. He begins by noting how those authors who write 

on consciousness fall victim to what might be called the “first-person-plural 

presumption” (Dennett, 1991, p. 67). They phrase their statements in terms of ‘we’, 

meaning both ‘I’ and ‘you’. It makes the presumption that the ‘I’ intuition about 

consciousness is comparable to the ‘you’, in that phenomenologically the ‘you’ is 

introspecting in the same way as the ‘I’ (p.68). Secondly, and perhaps more significantly, 

he says that people who speak on consciousness overestimate the reliability of 

introspection. He says (p. 68):  

 What we are fooling ourselves about is the idea that the activity of “introspection” 

 is ever a matter of just “looking and seeing.” I suspect that when we claim to be 

 just using our powers of inner observation, we are always actually engaging in a 

 sort of impromptu theorizing – and we are remarkably gullible theorizers. 

Heterophenomenology involves applying the scientific method by combining an 

individual’s self-report with all other naturalistically observable data in order to 

determine their mental state. It does not disqualify what a subject is saying, but takes into 

account things like physiological states, which may render the subject to be wrong about 

her own mind (Dennett, 1991). For instance, a person may say she is not hungry, but an 

observer may see that she in fact is hungry because of an increase of stomach acid. She 

may just be saying that because there is some underlying reason why she sees herself as 

not being hungry (Dennett, 1991). He continues (p.83): 

 The heterophenomenological method neither challenges nor accepts as entirely 

 true the assertions of subjects, but rather maintains a constructive and sympathetic 

 neutrality, in the hopes of compiling a definitive description of the world a

 according to the subjects. 
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From practicing the method himself, Dennett concludes that the definitive description is 

sufficient for a reductive explanation, and that it would render subjective experience as 

nothing more than a cause for reporting experience (Dennett, 1991). Dennett concludes 

that when he looks inside, all he sees is the thing causing him to look inside. That is, he 

sees attention, self-monitoring, etc. (Dennett, 1991). For any ‘intuitive’ question a subject 

asks, there is a corresponding question which asks “why does the subject ask that 

question?” The answer is supposed to encompasses the total range of what is called 

consciousness, reducing it to processes like reportability.  

Chalmers’ Response 

 Chalmers response to Dennett’s ‘heterophenomenology’ includes pointing out 

that you cannot discount the Hard Problem through third person accounts, even if those 

accounts acknowledge the fallibility of self-report. There is no way to discount something 

without being able to study it, and there is no way to study phenomenal experience 

without there being something it is like to study phenomenal experience. By taking a 

stand on personal experience, you are yourself experiencing that taking-a-stand 

(Chalmers, 1995).  

 Furthermore, he says that while describing things in terms of functions works for 

other forms of explanation, consciousness is unique in that it lies at the center of an 

individual’s epistemic world (Chalmers, 1995). He says that the proposition of turning 

one’s first person perspective into a third person perspective already assumes that all that 

is needed to explain consciousness is a description of structure and function (Chalmers, 

1995). It also assumes naturalism, which, as stated previously, is prerequisite of 

eliminativism. 

 Reasserting the explanatory gap, Chalmers says (1995) that conscious experience 
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is not "postulated" to explain other phenomena in turn; rather, it is a phenomenon to be 

explained in its own right. And if it turns out that it cannot be explained in terms of more 

basic entities, then it must be understood as irreducible.” (p.3). He admits that both his 

and Dennett’s arguments rest upon conflicting assumptions. He laments (p.4): 

 we will probably just have to get used to the fact that there is a basic division in 

 the field: that between those who think the "easy" problems are the only 

 problems, and those who think that subjective experience needs to be explained as 

 well. We can therefore expect two quite distinct sorts of theories of 

 consciousness: those which explain the functions and then say "that's all", and 

 those which take on an extra burden. 

This type of conflict is conceptual, and wholly dissatisfying. Both Chalmers’ and 

Dennett’s arguments seem to rest upon the question of whether one accepts the existence 

of the explanatory gap. While the arguments considered previously about eliminative 

reduction and identity theory were primarily methodological, the arguments in this case 

are epistemological. They are concerned with how we construct explanations. 

Eliminativists say we should construct arguments naturalistically, while those in favor of 

the explanatory gap say we should construct them intuitively. How does one go from 

these conflicting views on describing the world, to conclusions about explanations 

without remainder?  

Negative Epistemological to Metaphysical Connection 

 Are conceptual difficulties enough to abandon the acceptance of the explanatory 

gap? If one accepts the disproving of metaphysical content by epistemological necessity, 

or the “negative epistemological-to-metaphysical connection” (Negative EMC), and 

believes that an explanatory gap still exists, then one has reason for believing that an 



79 
 

elimination is unsuccessful. In this case, epistemological necessity tends to take the form 

of ‘possible-world’ scenarios (Horst, 2007).  

 If one can prove logically that some A supervenes epistemologically upon B then 

it makes sense to say that it is metaphysically necessary, for A supervenes on B if there 

can be no change in A without a change in B. But there are different types of 

supervenience which do not entail metaphysical necessity.  

 Although Chalmers’ stance is non-reductive as regards the hard problem, that is, it 

believes the explanatory gap is real, rejecting Negative EMC, allows one to not have to 

consider them metaphysically separate. In other words, one can accept the existence of 

the explanatory gap without being a substance dualist (Horst, 2007). 

 The general description of supervenience, provided above must be differentiated 

in two ways before one can consider the plausibility of Negative EMC. These 

differentiations include natural supervenience and metaphysical supervenience. Natural 

supervenience means that there can be no two possible worlds where the properties of B 

can change without changes in A properties, assuming its physical laws are identical 

(Horst, 2007, Chalmers, 1996). Metaphysical supervenience says that when all the B 

properties are fixed, then the A properties follow. 

 At first glance, these are confusing statements. Relying on hypothetical ‘possible 

worlds’ seems useless, because possible worlds, by means of them being hypothetical, do 

not actually exist. But using possible worlds scenarios helps clarify the difference 

between metaphysical (ontological) necessity, and epistemological (logical) necessity. 

 If one believes that there are mental properties, T′, for which there are no physical 

properties, T, that can give a conceptually adequate (no remainder) explanation of T′, then 

one accepts the explanatory gap (Horst, 2007). You would say that mental properties T′ 
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do no naturally supervene upon physical properties T. If one believes in Negative EMC 

then it would follow that it is not metaphysically necessary that physical properties 

necessitate mental properties (Horst, 2007). Put another way, you cannot derive mental 

properties from physical properties; mental properties would be irreducible. This is the 

stance of Chalmers’ (Chalmers, 1996). 

 If one rejects Negative EMC, and still accepts the explanatory gap, then one 

might be a non-reductive physicalist, believing that mental properties do metaphysically 

supervene upon the physical, but that there can be no explanations of the mental in terms 

of the physical. Non-reductive physicalism does make an identity claim between the 

physical and the mental, but it does not espouse derivation or eliminative reduction.  

 Finally, one may reject both the explanatory gap and Negative EMC. This is the 

stance of eliminativism. It believes that consciousness can be explained by physical 

things without remainder. It also believes in a positive epistemological to metaphysical 

connection, in that by showing that consciousness can be reduced to physical processes, 

consciousness is metaphysically supervenient on the physical. Because eliminativism 

accepts eliminative reductions, although it is pessimistic about the explanatory power of 

T′ in the first place, it would advocate eliminating ‘consciousness’ from the scientific 

vocabulary. 

Summary of Eliminativism and the Hard Problem 

 Seen from the context of Negative EMC, the stark discontinuities between 

eliminativism and non-reductive stances seems to make more sense. But where does all 

this leave a neuroscientist, who may acknowledge the current explanatory gap, but does 

not believe in dualism? Neuroscience is certainly not going to stop, for the sake of 

unresolved philosophic debates. As mentioned above, non-reductive materialism is a 
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viable option, although in practice, it is no different from identity theory.  

 Does one adopt a dualist perspective? Certainly those who purport the existence 

of the explanatory gap may be dualist, like Chalmers himself, but is there perhaps another 

way of relating the apparent separation of mind and body, which is conducive to 

productive clinical research? Having addressed the significant problems with both 

eliminativism and reductive materialism, I will now consider an alternative non-reductive 

approach that does not offer an explanation for the gap, but provides a model of relating 

the mind to the body, addressing the problem of interaction.  There have been few cogent 

theories, in this regard; however, John Eccles’ interactionism has a unique perspective on 

the problem which I believe is worth consideration.  
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   CHAPTER IV: PSYCHONEUROIMMUNOLOGY AS INTERACTIONIST              

      EXEMPLAR 

 

Yet, even if the metaphysical mind–body problem remains insoluble, it does not follow 

that we cannot make progress in coming to a better understanding of the medical mind–

body problem: how mind and body interact in maintaining health or causing disease. It is 

the second question raised above that is germane to psychiatry in general and depression 

in particular, especially regarding the idea that the mind can affect the brain and body, 

and vice versa. 

  -- Walter Glannon 

 

Interactionism Revisited  

 Interactionism divides reality into three worlds (Table 1). These worlds are 

supposed to represent what Eccles’ calls “cosmic evolutionary stages” (Eccles & Popper, 

1974, p.16).  

Table 1 

Summary of Eccles’ and Popper’s Three Worlds 

Name of World Constituent Entities 

The Products of the Human Mind (III) Works of Art and of Science, Technology 
Human Language.   
Theories of Self and Death.  

Subjective Experiences (II) Consciousness of Self and Death  
Sentience (Animal Consciousness) 

Physical Objects (I) Living Organisms  
The Heavier Elements; Liquids, Crystals 
Hydrogen and Helium 
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 Each world is a gross representation of the stages of human evolution. But when 

Eccles and Popper mean evolution, they do not mean it in strictly Darwinist terms (Eccles 

& Popper, 1974). Each stage emerges from the previous; therefore, they are considered 

irreducible. Eccles’ admits that it appears that all living things, plants and animals, are 

bound by physical and chemical laws (they emerge from them), but they are not reducible 

or necessarily supervenient upon them (Eccles & Popper, 1974). Physical processes like 

forces interact with each other, and thus do physical objects interact, within World I. 

 Popper and Eccles consider the constituents of World II to exist, just as the 

objects of World I. They include mental states, and consciousness (both the hard and the 

soft types) (Eccles & Popper, 1974). World I and World II are considered to interact, 

although Eccles and Popper admit that this idea runs into the same problems as any mind-

brain problem, in that it posits a relation between physical and non-physical entities 

(Eccles & Popper, 1974).  

 What makes this type of interactionism peculiar is the addition of World III, 

which includes the products of the human mind. Eccles and Popper include things like 

language, which is intangible. It is an idea. But it exists, according to Eccles and Popper. 

World III also includes physical objects, like sculptures, which are physical. In this sense, 

there is an interaction between World I and World III.  

 Theories of self can instigate creative efforts, but creative efforts can also be 

instantiated in physical objects (Eccles & Popper, 1974). So in some sense, components 

of World I are also components of World III. But how is this possible? While emergence 

occurs in the grand scenario, stage by stage, sculptures do not independently arise from 

limestone. There needs to be an intervening step. This step is the human mind; the means 

by which World I and World III interact is World II (Eccles & Popper, 1974). 
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 Subjective experiences and consciousness, mental states, mediate World I  

World III interactions, as well as World III  World I interactions. Eccles and Popper 

assert that products of the human mind exist: books, technology, language, art, etc., and 

that some of these products are physical objects, but how does the human mind go about 

translating physical objects into products?  

 World III emerges from World II; that is, the products of the human mind, such as 

language, are supervenient upon World II, and accepting that both World III and World I 

actually exist ontologically, the existence of World II becomes a necessity (Eccles & 

Popper, 1974). In fact, for most phenomena, a valid description necessitates mutually 

inclusive interactions between all three worlds. For example, a book cannot exist without 

the physical material that composes it (an intra World II emergence). But the materials 

could not be organized into a book on their own; they need a human organism, in 

combination with a human mind, to put them together.  

 A book is also not a book unless it has words written in it. Language is a product 

of the human mind, and written language requires a physical object, thus interactions 

between World II, III, and I. It seems apparent that this way of describing phenomena is 

potentially recursive in an infinite number of ways, but Eccles’ and Popper’s 

interactionism manages to address some of the pitfalls of reductive materialism, as well 

as Cartesian dualism.  

 Because subjective experience is acknowledged to exist, explanations of 

phenomena in the world will not be overlooking the hard problem; also, because the 

cosmic stages are emergent but not hierarchically supervenient, this interactionism is 

non-reductive. Although it does not posit connecting principles, or ‘psycho-physical’ 

concepts like the pineal gland to account for the World I  World II interaction,  Eccles’ 
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and Popper’s interactionism still retains explanatory power, in that the existence of the 

mind is not simply posited to exist through introspection, but rather observance of real 

things in the world, such as language and art.  

 But assuming that a neuroscientist or psychiatrist chose to adopt this outlook, how 

exactly might it allow for productive research to continue? How does one translate a 

philosophical stance into a model for research? I believe that there already exists a field 

in neuroscience which does this, and does so successfully. 

Psychoneuroimmunology  

 Psychoneuroimmunology (PNI) investigates the specific interactions between 

psychological variables, the immune system, and the neuroendocrine system (Tausk, 

Elenkovt, Moynihan, 2008).  It has evolved out of advances in the three disparate fields, 

but firstly owes allegiance to those philosophers who first posited specific theories of 

mind-body interaction, such as Hippocrates, Descartes, Eccles, and Popper. I believe that 

Eccles’ and Popper’s interactionism can be extrapolated to account for these three levels 

of description, particularly in the multi-directionality of interactions, and within-World 

interactions. 

 Relevant background information relevant to the different levels of explanation 

will be provided, as well as a description of the theoretical basis on which they were 

integrated. Finally, I will return to MDD, and examine it through the lens of 

psychoneuroimmunology, pointing out the ways in which an interactionist approach (as 

opposed to a reductive materialist one) is conducive to exploring alternative explanations 

that are not necessarily related to the serotonin hypothesis. 
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Stress Theory 

 Discoveries by Russian scientist Ivan Pavlov in the late 19th century predicted an 

ideological shift in psychology that paved the way for a series of animal studies, which 

directly lead to the founding of psychoneuroimmunology (Garcia, Kimeldorf, & 

Koelling, 1955). In Pavlov’s basic design, he paired a conditioned stimulus (the ringing 

of a bell) with an unconditioned stimulus (dog food). He was able, after repeated 

pairings, to cause the ringing bell to elicit the conditioned response of salivation. This 

accomplishment is an example of classical conditioning. Classical conditioning shows 

that you can pair a neutral stimulus with an eliciting stimulus, and eventually the neutral 

stimulus will become an eliciting stimulus on its own.  

 Classical conditioning differs from instrumental conditioning, which was 

formulated and discussed by Edward Thorndike, and B.F. Skinner (who developed 

Thorndike’s ideas later). Instrumental conditioning concentrated less on the ability of an 

animal to adopt new eliciting stimuli, but rather to examine eliciting stimuli (Sd) and how 

they initiate a response. It also examines the way in which the response affects the 

environment, causing feedback (Sr) which will either increase the likelihood of 

responding again, or decrease it. Behaviorism in psychology employed instrumental 

conditioning for many of its experiments. 

 Walter Cannon, in 1915, coined the term homeostasis, wherein he stressed the 

importance of balancing psychological and physiological processes, in maintaining health 

(Cannon, 1932). Cannon’s theories also examined the relationship between stimuli and 

response, but focused instead on internal, physiological reactions, as opposed to external 

ones.  

 This started when he noticed a trend in his work with animals. When in a state of 
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arousal, animals’ digestive functions would cease (Cannon, 1932).  This led Cannon to 

investigate the relation between emotional states and physiological reactions. He was the 

originator of the fight or flight response. Since this point, other effects have been 

associated with the fight or flight response; these include the releasing of noradrenaline, 

increased heart rate, and increased blood pressure (Rabin, 2005). 

 Hans Selye was one of the first to describe stress, which he defined as the 

nonspecific result of any demand upon the body, which can be produced by a wide 

variety of stimuli. Selye called these stimuli stressors (Selye, 1951).  Selye conducted 

research wherein he subjected animals to stress for varied lengths of time (Selye, 1951). 

He studied trends in their bodily reactions, especially their ability to heal. 

 It was from this research Selye formulated his GAS model, which conceptualizes 

a generalized stress reaction as consisting of the stages of alarm, resistance, and 

exhaustion.  The alarm stage entails the initial stress response, or the fight or flight 

response. Normally the body returns to homeostasis following the alarm stage, but if it 

stress continues then the body goes into the resistance stage. The body produces a 

cascade of hormones that raise blood pressure and increase blood sugar, maintaining the 

stress response (Selye, 1951). If the body does not rest, or go through periods of 

relaxation to counter-balance the energy expenditure, then it goes into the exhaustion 

stage.  

 In the exhaustion stage, the body’s energy reserves are depleted; significant 

decreases in mental and emotional resources occur, and the body’s immune functions are 

inhibited. Disease and death typically follow (Selye, 1951). The GAS has proven 

extremely useful, applied to specific questions such as the effects of chronic stress on 

cardiovascular functions (Selye, 1951). The GAS is conceptually integrated with 
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Cannon’s findings, particularly in conceptualizing stress as a disruption of homeostasis, 

and in seeing the fight or flight response as part of the alarm stage of the GAS. 

Conditioning the Immune Response 

 Throughout the 20th century, there was an increase in understanding of both the 

immune system, and the mechanisms of the autonomic nervous system. The details of 

such discoveries will be reviewed, but two important studies will be discussed first, 

because they initiated the future convergence of stress theory, neurophysiology, and 

immunology. 

 In 1955 a discovery was made with animal experimentation.  Scientists (Garcia, 

Kimeldorf, and Koelling, 1955) observed that following exposure to a low-dose of 

gamma radiation, rats exhibited depressed food and water consumption.  The severity of 

this effect increased with the length of exposure.  They hypothesized that this might be 

due to a learning mechanism: reinforced avoidance through repeated pairings with 

radiation.  To investigate this phenomenon further, they attempted to elicit the avoidance 

using classical conditioning.  Garcia et al. put saccharin in the rats’ water, which was  

made available to the rats during subsequent irradiation sessions (Garcia, Kimeldorf, & 

Koelling, 1955) 

 Rats were split into several groups, varying both in the length of radiation 

exposure and the condition of water-- tap or saccharine.  The first day after irradiation, 

those groups who received tap water were given saccharin water, and vice versa, for 6 

hours.  Following the second day, both tap and saccharin water was made available to 

rats on a continuous basis.  Consumption rates were measured in median percentages.   

Those rats who did not receive radiation were shown to maintain their initial 

preference for saccharin water (with a median preference of 86. 1%), whereas the groups 
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who received radiation showed marked decreases in preference. With 30rads, the median 

preference = 33. 4%, and with 47rads = 3. 1%.  This conditioned taste aversion lasted up 

to 30 days following the initial irradiation.  This finding was important in that a very 

strong preference for the saccharine water was extinguished due to short pairings with 

aversive stimuli (Garcia et al., 1955). 

 Almost 20 years later, Ader and Cohen (1975) conducted another important 

experiment with rats, following which, the field of psychoneuroimmunology became 

formally established.  What Ader and Cohen did was take the original design and go a 

step further.  They discovered that physiological immune reactions could be conditioned 

with the same classical conditioning methods that Pavlov used with his dogs.   

 Some previous taste aversion studies, surprisingly had resulted in the deaths of the 

rats, and the proposed hypothesis was that along with aversion to the saccharine 

substance, immunosuppression had been conditioned as well.  This lead to Ader and 

Cohen’s study, in which they set up a complicated protocol with a placebo, conditioned, 

and unconditioned group of rats, along with further subgroups of conditioned rats, which 

received varied amounts of saccharine, followed by injections of cyclophosphamide (to 

condition sickness) along with sheep red blood cells (SRBCs), to test the effects of 

immunosuppression.   

 Ader and Cohen found that those rats who received the cyclophasphamide 

acquired taste aversion to the saccharine water, as found in previous studies; furthermore, 

they also found significantly attenuated antibody titres in those rats that had the 

cyclophasphamide paired with SRBCs (Ader & Cohen, 1975).  This was the first 

experiment that provided direct evidence for a link between the nervous system and the 

immune system.  Ader and Cohen were able to make the unconditioned immune response 
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conditioned to saccharine water. By pairing a naturally occurring immune reaction with 

cyclophasphamide, Ader and Cohen managed to take what was thought to be a function 

unrelated to learning (the immune response), and show that it could be conditioned just 

like the salivary response. 

 Following this experiment, the term ‘psychoneuroimmunology’ was conceived.  

As a new field, it began to further investigate the interactive nature of stress, the nervous 

system, and the immune system (Task, Elenkov & Moynihan, 2008). To retroactively 

understand what is meant by ‘immunosuppression’ and to interpret contemporary 

findings, the relevant tenets of immunology will be discussed.  

Fundamentals of the Immune System 

 The immune system may be generally divided into two categories: adaptive and 

innate (Irwin and Cole, 2005). Innate immunity includes classes of cells which all 

mammals retain.  It is the ‘first line’ of defense against invading pathogens.  Pathogens 

include any disease causing infectious agents.  Though the chemical messengers involved 

in triggering an innate response are complicated, they pale in comparison to the adaptive 

immune response.  Adaptive immunity includes special cells which are able to recognize 

antigens (literally, “antibody-generators”) and adapt to them, giving organisms a way to 

recognize and fight repeated exposures.   

 Both components of the immune system are characterized by their constituent cell 

types, signaling molecules, and medium (where they originate from and proliferate to) 

(Herbert & Cohen, 1993).  Most classes of immune cells originate in the bone marrow, 

thymus, spleen, lymph nodes, tonsils, appendix, and ‘peyer’s patches,’ which are clumps 

of immune tissue in the small intestines (Herbert & Cohen, 1993).  These cells tend to 

circulate in the lymph and peripheral blood stream, migrating to sites of inflammation as 
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a result of molecular signaling cycles.  As it is difficult to gain access to many of the sites 

where immune cells arise, blood sampling is a common extraction method in 

immunological assays.  

 In the bone marrow, along with red blood cells, white blood cells begin 

development in by means of a cascade of hormones onto pluripotent stem cells. White 

blood cells are called leukocytes; a class of agranular white blood cells are called 

lymphocytes. A sub-class of lymphocytes travels from bone marrow to the thymus, where 

they mature to become T lymphocytes.  T lymphocytes are involved in the adaptive 

immune system.  They recognize foreign antigens that have been introduced to the 

thymus (Rabin, 2005).  

 T cells may be further divided, depending on certain cell surface markers, into 

helper T cells and cytotoxic T cells.  Helper T cells assist other cells by releasing special 

molecules called cytokines, which act as harbingers for phagocytic cells as well as B 

lymphocytes, whose primary function is to produce antibodies (Irwin and Cole, 2005). 

Cytotoxic T cells can help to destroy tissue that is being invaded by viruses.  They use a 

special method called lysis, which involves punching holes in the cell membrane to cause 

its contents to spill out, resulting in cell death (Rabin, 2005).  Monocytes are another 

class of non-granulated cells, which engulf foreign materials and expand, becoming 

macrophages. After engulfing antigens, the macrophages wait until they are activated by 

CD4 helper T cells. At this point they destroy the antigen (Rabin, 2005).  

 During an adaptive reaction, exposure to an antigen results in the production of 

lymphocytes which become reactant to it; they will, in the future maintain a ‘memory’ 

against future introductions, causing a quicker and stronger defense. As a caveat, the 

difference between the terms “pathogen” and “antigen” is that pathogens are any invasive 
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exogenous invader, including viruses, while antigens specifically cause antibodies to be 

produced.   

The primary adaptive response takes four days after initial pathogen introduction 

(Rabin, 2005).  It involves several stages, which involve a host of different cells and 

processes.  First there is the collection of an antigen by ‘dendritic’ cells, which reside in 

tissue or mucous.  The dendritic cell breaks the antigen into 8-12 chain peptides, which 

then become bound to major histocompatability complexes (MHCI or MHCII) (Rabin, 

2005).   

The pathogens are next presented to CD4 helper T cells, either in the spleen or the 

paracortical region of a lymph node. At this point dendritic cells are now called ‘antigen-

presenting’ cells.  This presentation causes naive CD4 cells to become activated CD4 

cells, which gain the ability to recognize the antigen when re-introduced at a future point.  

When this happens, the response is called a secondary adaptive response. It can occur in a 

much more expedient manner than the primary response -- as quickly as 24 hours (Rabin, 

2005).  

 B cells mature in the bone marrow exclusively.  They produce antibodies through 

the following process: in lymph nodes, naive B cells come into direct contact with 

antigens, binding them to antigen-specific antibody molecules, digesting them, and then 

presenting them in MHC molecules to activated T cells. The activated T cells then bind to 

the antigen and releases cytokines. These cytokines cause activated B cells to release 

antibodies (Rabin, 2005).   

 Antibodies come in different classes (IgG, IgA, IgE, IgM, IgD) and serve 

different protective functions.  Structurally speaking, most antibodies are similar.  They 

are glycoproteins with arrangements of light and heavy chains.  Antibodies also contain 
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regions called fragment antigen binding (Fab) regions, which can vary by type. It is the 

Fab region that gives an antibody its pathogenic specificity (Rabin, 2005).  Antibodies 

work by binding to invading antigens, slowing them down, and damaging them. They 

coat the antigen, initiating its removal by macrophages and other cells which recognize 

them. Other immune reactions can also be initiated by the presence of an antigen coated 

by antibodies (Rabin, 2005). Antibodies work to signal other molecules, ‘calling’ them to 

the site of infection. 

 Cytokines are also signaling molecules. They encompass a multitude of cell-to-

cell communicators, and assist in such functions as the activation of T cells, the 

production of antibodies, and the activation of the inflammatory response.  The latter 

function is controlled by so called “pro-inflammatory” cytokines, of which interleukin-1( 

IL-1) is integral (Rabin, 2005).  IL-1 is produced by macrophages, monocytes, fibroblasts 

and dendritic cells. IL-1 works by increasing endothelial adhesion factors in blood 

vessels, enabling the transmigration of white blood cells to the site of infection. IL-1 also 

causes the hypothalamus to produce fever. 

 The chronology of both innate and adaptive responses independent of each other 

is well understood. The way these two components relate to each other precisely is not; 

however, there are ongoing investigations in molecular biology attempting to elucidate 

this question. Microbial pattern recognition receptors (PRRs) are the means by which 

innate cells recognize microbes, and have been offered as a potential explanation. 

 PRRs detect pathogen associated molecular patterns. They come in three different 

classes; secreted, which bind to pathogens and opsonize them for phagocytosis; 

transmembrane, which are able to detect a variety of features about a pathogen, such as 

the lipposacharide of gram-negative bacteria; and cytosolic, which are able to recognize 
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viral ribonucleic acid (RNA), forms of stress (for instance, ultraviolet irradiation), 

microbial products, and noninfectious crystal particles (Iwasaki & Medzhitov, 2010). 

These PRRs are on, and in, a variety of different cells (Iwasaki & Medzhitov, 2010). 

 PRRs can activate adaptive immune responses such as the IgM, IgG, and IgA 

antibody responses; T helper cell (TH1) and TH17 CD4+ T cell responses, as well as 

CD8+ T cell responses (Iwasaki & Medzhitov, 2010). It has been suggested that there are 

different mechanisms by which a cell-extrinsic or cell-intrinsic PRR might initiate an 

adaptive response. Associate recognition, in either case, is thought to play a strong role in 

the magnitude of the response. 

 For example, B cell receptors along with other innate signaling pathways, such as 

complement, results in an enhancement of the antibody response (Iwasaki & Medzhitov, 

2010). Similarly, coengagement of B cell receptors and transmembrane pattern receptors 

enhances the antibody response (Iwasaki & Medzhitov, 2010). The way in which PRRs 

mediate the endogenous release of cytokines, and initiate other adaptive processes such 

as the activation of T-4 helper cells is still under investigation, but PRRs have shown 

promise as a potential explanation of the transition between innate and adaptive immune 

responses. 

Measurement of the Immune System 

 As should be evident from the above review, the cells and chemical messengers 

that make up the immune system are numerous.  There are almost as many biological 

tests and assays, which measure the different processes these cells and chemical 

messengers perform.  These tests can be broken down into those that look for the 

presence of a signaling molecule or cell type (enumerative), and those that test the 
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effectiveness of certain cells in fighting off foreign antigens (functional) (Ader, Cohen, 

1975).   

Some examples of tests include lymphocyte subsets, cytotoxicity assays, 

lymphocyte proliferations, cytokine receptor counts, and antibody assays.  These tests all 

retain advantages and disadvantages.  One general disadvantage is that the amount of 

circulating molecule does not necessarily correlate to a better functioning immune system 

(Vedhara, Wang, 2005).  In the case of antibodies, an enumerative assay will indicate 

only that the amount found circulating will respond to a specific type of antigen.  A 

person with low levels of a certain antibody may maintain perfectly good health 

(Vedhara, Wang, 2005).   

 Another issue is the sensitivity of certain hormones or signaling molecules to 

stress.  For example, certain hormones are extremely sensitive to acute stressors, and 

levels may change within minutes of being pricked with a needle.  These hormones also 

often operate under circadian rhythms. For example, cortisol, a glucocortoicoid, runs on a 

diurnal cycle throughout the day, having a morning zenith and an evening nadir.  This 

means that blood tests measuring cortisol need to be taken at similar times and in similar 

conditions in order to give an accurate estimation of functioning.  

Many assays are in-vitro, or outside of a living organism. Because they are not 

examining immune functions inside the body, these tests may not be the most accurate 

indicator of immunological functioning. But there do exist several in-vivo tests. One type 

of in-vivo test involves the administration of a live or weakened virus, and the subsequent 

monitoring of internal, enumerative changes among lymphocyte subsets.  There are also a 

variety of delayed hypersensitivy tests which measure different functional responses.  But 

in-vivo tests also retain disadvantages. Logistical issues include finding healthy 
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participants, isolating a pathogen to administer, and controlling for ‘normal’ responses in 

a representative sample.  

A Model of Neuro-Endocrine Interaction 

 Since the mechanics of the immune system have been discussed, the neural and 

endocrine details should be examined.  In the last century, scientists have increased their 

knowledge about neurophysiology greatly.  Learning, at the neuronal level, has been 

elucidated.  This is due, according to Paradiso (2007), to the theory of long-term 

potentiation (LTP), which was formed by the collective efforts of Hermann Ebbinghaus, 

who showed that memory could be studied experimentally, Donald Hebb, who posited 

the idea of synaptic strengthening (Hebbian learning), Terje Lømo, for his work with 

hippocampal networks in rabbits, and Eric Kandel and his work with the sea snail 

aplysia. Kandel investigated the molecular basis for habituation and sensitization, which 

are both important concepts in PNI studies (Paradiso et. al, 2007). LTP says that the more 

a neuron fires, the stronger its synaptic strength. This causes similarly encoded signals to 

be transmitted faster to the structures involved in memory (Lømo, 2003).  This is relevant 

to another discovery in neurophysiology, one which has greatly aided PNI investigations:  

the discovery of Papez circuit.  

 The Papez circuit is part of the limbic system. It is composed of several functional 

loops, also called pathways. The Papez circuit is one of those loops, and it has been 

implicated in both memory and emotion (Rabin, 2005).  Grossly speaking, it includes the 

hippocampus, amygdala, mammillary bodies, anterior thalamus, and the cingulate gyrus.  

Papez circuit also has connections from the frontal cortex, which may serve a regulatory 

purpose. An unpleasant memory, triggered in the amygdala, may cause aggression and a 

“fight” response through activation of the hippocampus, and then the hypothalamus 
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(colored purple)(Figure 4). This may be overridden by downward projections through the 

cingulated gyrus to the thalamus and hypothalamus (colored orange)(Figure 4). 

 

Figure 4. Medial Slice of Hippocampal Afferent and Efferent Projections. 

 

The hypothalamus (colored green)(Figure 4) is one of the ‘starting points’ in PNI models, 

as it produces many immunologically related hormones. The way it is affected by 

cognitive functions, especially those in memory centers, is relevant to substantiating 

some of the earlier findings in learned helplessness and conditioning. Specifically, it can 

help explain the connection between stressor evaluation and a biological response.   
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Many complex processes involving Papez circuit and a variety of hormonal 

feedback loops are involved.  But despite the difficulty involved in the peculiarities of 

stress recognition and the immune system, certain models or ‘axes’ have been 

conceptualized to describe these feedback loops.  The first such axis is the hypothalamic-

pituitary-adrenal, or HPA axis.   

 The hypothalamus is situated anterior and basal to the thalamus, which is a hub 

for incoming sensory, and outgoing motor information.  The hypothalamus influences a 

variety of human functions, many subsumed by the “four F’s”—feeding, fighting, fleeing 

and fornicating (Vedhara & Wang, 2005). These functions are influenced through the 

secretion of hormones, which, generally speaking, migrate to the pituitary gland to 

mediate the release of further hormones, which have peripheral effects on the body.

 The pituitary gland sits anterior and basal to the hypothalamus, and is split into 

anterior and posterior sections.  These sections are by the way hormones migrate to them, 

and which type of hormone they receive. All hormones travel to the pituitary through the 

hypophyseal portal system, but the paths towards the anterior and posterior pituitary are 

separated by blood vessel walls.   

The full range of hormones that are secreted by the hypothalamus will not be 

described.  Rather, one specific hormonal sequence that has proven to be relevant in the 

mediation of immune reactions will be.  This sequence begins with the secretion of 

corticotrophin releasing hormone (CRH), from the paraventricular nucleus (PVN) of the 

hypothalamus.  CRH is released in response to stress.  The stimulatory pathways that 

cause this to happen are noradrenergic and serotonergic, and the cascades of which are 

the same, irrelevant of the type of stressor -- whether they be emotional or physical (Kaye 

& Lightman, 2005).   
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The PVN also releases arginine vasopressin, which has a diuretic effect, along 

with a vasoconstrictive one, working to increase blood pressure and cause the kidneys to 

retain water.  CRH travels to the anterior pituitary gland, which releases 

adrenocorticotropic hormone (ACTH), as well as several types of enkephalins and 

endorphins.  ACTH then travels via the blood stream to the adrenal cortex of the kidneys, 

causing the release of gluccocorticoids, most notably cortisol. The gluccocorticoids are 

involved in a negative feedback loop back to the hypothalamus.   

 Cortisol has a variety of effects on the body.  Generally speaking, it functions in 

two major capacities: regulation of glucose and fat uptake for quick response to acute 

stress, and immunosuppression, by preventing T-cell proliferation. Cortisol achieves the 

latter effect by rendering IL-2 producer T-cells unresponsive to IL-1, and making them 

unable to produce the T-cell growth factor (Kaye & Lightman, 2005; Palacious & 

Sugawara, 1982).   

 Cortisol also has some effects on the other major model in the neuroendocrine 

system, the sympatho-adrenomedullary, or SAM.  As mentioned previously, CRH and 

noradrenergic neurons in the brain cause the release of ACTH.  CRH also causes the 

release of norepinephrine by the peripheral sympathetic nervous system, and the release 

of epinephrine and norepinephrine from the adrenal medulla.  These hormones contribute 

to the “fight” response described by Walter Cannon in the alarm phase of the GAS.  Both 

the HPA (Figure 5) and SAM axes are models for how the neuroendocrine system 

interacts with the immune system (Figure 6).  
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Figure 5. The HPA-Axis With Cortisol Feedback (Lane, at al., 2009) 
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Figure 6. Brain-Immune System Interface (Lane, at al., 2009) 

 

 

 The negative feedback loop involving cortisol (Figure 6) is important in PNI 

studies. Through general circulation, cortisol migrates back to the hypothalamus and 

anterior pituitary, causing CRH and ACTH to be down regulated.  This in turn results in 

the adrenal gland synthesizing less cortisol.  When cortisol gets low, CRH and ACTH 
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will again be produced.  This can happen from psychological stress, or metabolic 

demand.  Chronic stress may cause an excess of ACTH to be produced, resulting in 

bursts of cortisol and keeping its blood concentration at a high level.  This can have 

deleterious effects (Vedhara & Irwin, 2005). 

 Hypercortisolism, or Cushing’s syndrome, is the result of an excess of cortisol.  

Its symptoms can include weight gain, fatigue, slow healing of superficial wounds, 

decreased libido, headaches, and in extreme cases a glucose intolerance leading to 

diabetes (MFMER, 2008).  ACTH and cortisol can be elevated because of ‘bottom-up’, 

non psychological stressors.  These include such things as receiving surgery, or being 

wounded (Vedhara et.  al, 2005).  These are physical stressors, which may or may not be 

influenced by the complex emotional pathways of Papez circuit. Despite this, the physical 

stressors share the same immunosuppressive effects as emotional stressors (Vedhara et 

al., 2005).   

 Prolonged physiological imbalance from up-regulated immune systems can cause 

serious problems in higher functioning areas of the brain, such as the hippocampus 

(Tollenaar, Elzinga, Spinhoven & Everaerd, 2008).  As previously described, the 

hippocampus has been implicated in the evaluation of stressors.  The negative feedback 

loop involving the hippocampus can be disrupted, wherein an excess of cortisol will 

cause the hippocampus to suppress the activity of the hypothalamus to produce CRH 

(Vedhara et al, 2005).   

There is evidence to suggest that regulation from the anterior cingulate may be 

able to override this inhibition, but extreme psychological stress not only causes an 

excess of cortisol, but also decreases the sensitivity of the negative feedback systems, 

which may result in habituation (Vedhara et al., 2005). While in some circumstances, 
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habituation to certain stressors may be advantageous, in the case of chronic stressors 

which are not life threatening, the constant up-regulation of cortisol, due to depressed 

release of CRH, can result in harmful effects on the body.  

Psychological Stressors 

 In 1994 Ader and Cohen conducted a meta-analysis examining the effects of a 

broad array of stressors on immune functioning.  They classified stressors according to 

negative life events, both objective discrete events and self-reported checklists. It was 

recognized that any individual may have a heterogeneous mix of these stressors.  Both 

subjective and objective classes of stressors were measured over a specified time period.  

The negative events included in the analysis tended to be salient, and occurring within a 

short time of the immune assessment (Ader and Cohen, 1994).  

 Ader and Cohen recognized that the length of the stressor probably had an effect 

on the magnitude of the immune response; that is, whether the stressor was acute or 

chronic had an effect on the strength of the immune response. They speculated that 

certain chronic stressors would lead to habituation to cortisol, where acute stressors 

would lead to a more pronounced immunosuppression.  They recognized however that 

this distinction is not clear cut.  For example, there is evidence that bereavement involves 

elements of chronic stress with “bursts” of acute stress (Ader & Cohen, 1994).   

Ader and Cohen concluded that there was substantial evidence for the relation 

between stress and decreases in immunological functioning, as well as measures of 

lymphocyte cell counts.  They further concluded that objective life events tended to 

correlate with more severe immunosuppression, showing that stressor length was related 

to magnitude of immune response, and also that interpersonally related stressors were 

more prone to immunological changes than non-social ones (Ader & Cohen, 1994).  
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Ader and Cohen recognized that the strength of the mean-effects found were not 

overwhelmingly large.  They admit methodological flaws inherent in meta-analyses, as 

well as the difficulty of obtaining reliable data from immunological assays (Ader & 

Cohen, 1994).  Despite this, they reiterated their conclusion that there exists a strong 

relationship between objective, proximal stressors, and immune response, along with 

distal, chronic subjective ones (Ader & Cohen, 1994).   

 They note the fact that they could not isolate the difference between 

immunosuppression elicited by one type of stressor over another, but also describe 

interesting findings relating interpersonal and nonsocial events.  For the immune 

outcomes of helper-to-suppressor ratios, as well as percents of suppressor/cytotoxic T 

cells it was found that interpersonal events resulted in greater immune alteration than 

nonsocial events (Ader and Cohen, 1994).   

 They note that although interpersonal stressors are more likely to trigger 

depressive affect than other types of events, it is unclear that on the whole they are 

stronger immunosuppressive variables than nonsocial events.  They conclude by saying, 

“we need a more comprehensive picture of immune effects associated with specific 

stressor characteristics,” and, “we need to determine the personal and social 

characteristics of individuals that render them more or less susceptible to stress-induced 

immune alteration.” (p. 375). A lack of social support is a risk factor of major depression 

(MDD) (DSM-IV). Understanding the way in which DSM criteria relate to stress theory 

and immunosuppression seems a valuable endeavor. 

Psychoneuroimmunology of Depression 

 MDD is one of the most common mood-related disorders, with a lifetime 

prevalence estimated at 15% for normal populations, and 15-36% for medical in-patients 



105 
 

(Irwin & Cole, 2005). The reason for the latter statistic’s magnitude is that medical in-

patients experience pre-disposing conditions, some of which increase the risk of 

developing MDD.  These can occur in isolation, or co-morbidly, and may include such 

things as: recovering from surgery, sleep disturbance, alcohol dependence, hospitalization 

stress, or tobacco usage (Irwin, Cole, 2005). These risk factors also are independently 

correlated with immunosuppressive effects. For this reason, controlling history effects 

can be difficult, when attempting to ascertain the effects of DSM criteria depression on 

the immune system.  Sleep deprivation, increased consumption of nicotine, and alcohol 

usage all have been shown to produce certain immunosuppressive effects (Irwin & Cole, 

2005). 

 As reviewed previously, the serotonin hypothesis of major depression retains 

certain problems that limit its explanatory power.  Alternative explanations for MDD are 

desirable, especially ones that integrate alternative physiological findings, while also 

taking into account the qualitative aspects of depression -- particularly the interaction 

between personality traits and interpersonal stressors.  One avenue to find alternative 

explanations is in the PNI literature.  

 It has been demonstrated through previous studies that there exists a complex 

interplay between glucocorticoids, prefrontal areas of the brain, Papez circuit, the 

hypothalamus, the pituitary, and the kidneys.  While some of the specific chemical 

mechanisms from each structure are unclear, they all contribute to the evaluation of 

stressors, neuroendocrine responses, and immune regulation.  

 There are two helpful ways of relating depression to these processes, 

conceptually.  The first is in the interpretation of MDD symptoms. MDD symptoms 

typically include weight change, sleep disturbance, psychomotor retardation or agitation, 
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pervasive fatigue, feelings of worthlessness or irrational guilt, mental concentration 

difficulties, and recurrent suicidal ideation (Irwin & Cole, 2005).  These symptoms can 

be considered within a behavioral analytic perspective; specifically, as contingencies of 

operant conditioning. Unlike in rat studies, in this case the mental can be taken into 

account.  

These contingencies generally take the form of: establishing operation (EO)  

discriminative stimulus (Sd)  response (R)  reinforcing stimulus (Sr for reinforcers, 

Save for aversive stimuli) (Pierce & Cheney, 2004). As an example, an adolescent who 

previously used to have no punishing or reinforcing relationship to standing in large 

groups of people may get to the point wherein she/he experiences a large degree of 

distress, leading to rumination and guilt.  The chain of contingencies might take the form 

of: not being in a group of people (EO)  entering into a large group of people 

(Sd) sweating, feeling anxious, etc.  (R)  experiencing guilt (Save).   

 This approach integrates symptomology from generalized anxiety, while also 

taking into account the subjective nature of any given situation.  This is compatible with 

the idea of neuroplasticity and individual differences, which I believe mentalistic 

psychology is sensitive to. This model allows for specific contingencies to be defined at 

the idiographic level. For example, irrational guilt could be considered in the context of a 

class of stimuli that have lost their neutral or reinforcing value, and have become 

aversive.  Key to this is the personalized nature of operationalization.  

 As regards relating this approach to neuroendocrine and immunological assays, 

stress theory may again be utilized. If an individual is thought of as an organism 

constantly attempting to maintain a homeostatic relationship to its stressors, then 

depression can be considered a failure to cope with some, or all of those stressors.  This 
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fits with Selye’s GAS model.  Hypothesis testing, based upon previous findings with 

animals that are in the stages of alarm, resistance, or exhaustion could be used to examine 

the physiological correlates of MDD.  Indeed, Martin Seligman (1975) offered that 

depression could be thought of on the basis of learned helplessness, and the physiological 

correlates experienced in the exhaustion stage. 

As regards integration with neuroendocrine systems, the two major axes used in 

other strains of research can again be used when investigating MDD.  Within the context 

of the SAM, depressed individuals show increased levels of catecholamines (epinephrine, 

norephinephrine) and neuropeptide Y in response to acute, physiological, as well as 

psychological stressors (Brown, Patterson, Mascovivch & Grant, 1991).  

This finding maps nicely on the earlier example of guilt contingencies.  The 

response of ‘sweating, anxiety, etc.’ can serve as a description of a ‘fight′ reaction, which 

includes an increased heart rate, increased blood pressure, and rapid breathing (Vedhara 

& Irwin, 2005).  SAM activation can be activated by less acute stressors, such as the 

mere anticipation of a stressful situation.  It is generally implicated in increased risk for 

metabolic and immune related disorders (Vedhara & Irwin, 2005).  This probably occurs 

by means of the amygdala, which contributes to emotion, as well as emotional memory.  

There also exists evidence that activation of the SAM is the mechanism by which acute 

myocardial infarction occurs after significant physical exertion, or significant emotional 

trauma (Vedhara & Irwin, 2005).   

Within the context of the HPA axis, cortisol is again hypothesized as relevant for 

depression.  Both hypercortisolism and depression also have the shared symptom of 

fatigue, and depressed individuals usually show an increase of CRH (Vedhar & Irwin, 

2005).  Psychiatrists, colloquially at least, seem to corroborate this link, as Cushing’s is 
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listed in the DSM as an Axis III (medical condition) criteria for depression (DSM-IV-TR, 

2000).  The DSM also offers that the etiology for depression may be related to an 

imbalance of neurotransmitters, but it does not list it as specific criteria.  Increased 

cortisol has effects on pro-inflammatory cytokines, immune functioning, and bodily 

homeostasis in general. 

 To examine the initial hypothesis that depression is related to immune 

functioning, Zorrilla et al., (2001) conducted a meta-analysis of over 180 studies utilizing 

more than 40 immune measures. They did not speculate as to the mechanism, but were 

interested in a general picture of how those with MDD functioned immunologically. 

They also attempted to compare the relation of the results of MDD-related 

immunosuppression with general, stressor-related immunosuppression (comparable to the 

earlier meta-analysis conducted by Ader and Cohen). It was shown that MDD is 

associated with leukocytosis, reductions in NK-cell counts and T-cell proportions, 

increases in CD4/CD8 marker ratios, and decreases in T- and NK- functioning (Zorilla et 

al., 2001).  

 Linking these findings with naturally occurring stressors, there were shared 

effects of overall leukocytosis, manifesting as a relative neutrophilia and lymphoenia, 

increased CD4/CD8 ratios, increased haptoglobin, PGE, and IL-6 levels, reduced NK 

cytotoxicity, and  reduced lymphocyte proliferative responses to an introduced mitogen.  

 For stressors alone, Zorilla et al. (2001) found leukocytosis, manifesting as 

lymphocytosis, alterations in cytotoxic lymphocyte levels, CD4/CD8 ratios, and  NK 

toxicity, a relative reduction of T –cells, reduced lymphocyte response to mitogen, and 

proportion of IL-2r bearing cells following stimulation.  Considering the shared effects 

between the independent analyses of depression and stressors, it would seem that there 
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are concrete immunological changes that occur with depression.   

 In another meta-analysis, conducted by Burke, Davis, Otte and Mohr (2005), 

seven studies were analyzed to understand the relation of cortisol levels in depressed, and 

non-depressed individuals, in relation to stress.  They found that baseline levels of plasma 

cortisol were not significantly different between depressed and non-depressed 

individuals. Twenty-five minutes after the onset of laboratory stressors, what Burke et al. 

called the “recovery” period, majorly depressed individuals showed significantly higher 

cortisol levels than non-depressed individuals (Burke et al., 2005). This is consistent with 

the idea that previous and chronic unregulated cortisol can impair depressed individuals 

ability to evaluate and recover from stressors. 

 One mechanism by which the deregulation of the SAM and HPA may contribute 

to depression is in pro-inflammatory cytokines. Pro-inflammatory cytokines such as IL-1 

and IL-6 regulate the innate immune response by signaling for leukocytes and starting the 

antibody response; they are extremely important for the acute phase response. With 

depression, it has been shown that there are increases in pro-inflammatory cytokines, 

such as IL-6, tumor necrosis factor (TNF) and IL-1 (Motivala, Sarfatti, Olmos & Irwin, 

2005).  

 They have been theoretically linked to depression through their neuroendocrine 

effects as well as effects in neuronal activity (Capuron et al., 2007).  Apart from roles in 

the acute phase, pro-inflammatory cytokines can affect the HPA axis directly (Capuron, 

Miller & Irwin, 2007). In the first instance, pro-inflammatory cytokines, including IL-6, 

Il-1, IFN-alpha, and TNF-alpha have been shown to cause the amount of CRH being 

released by the hypothalamus to increase. CRH is integral for the regulation of the HPA 

and SAM, and a hypersecretion of it may lead to the habituating response to 
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glucocorticoids, described earlier.  

 CSF samples in depressed patients reliably show an increased amount of CRH 

(Pariante & Miller, 2001). It has also been shown that for those undergoing cytokine 

therapy for cancer and viral infection, approximately 30-50% will develop MDD 

(Capuron et al., 2007). CRH leads to the release of ACTH, which controls the release of 

gluccocorticoids as well as catecholamines from the adrenal medulla. Immune cells have 

receptors for cortisol, as well as adrenaline and noradrenaline. When CRH is up-

regulated, there is a resulting down-regulation of NK-cell functioning, as well as further 

increases in pro-inflammatory cytokines such as IL-6 and TNF (Capuron et al., 2007). 

This means that at some point when an organism is under stress, cytokines used to initiate 

an acute response lead to a dysfunctioning of the HPA’s inhibitory feedback loop, which 

includes CRH, ACTH, and cortisol. 

 Furthermore, the pro-inflammatory cytokines which feed back to the brain cause 

dramatic changes to the glucocorticoid receptors in the hypothalamus and hippocampus 

(Pariante & Miller, 2001). These changes alter glucocorticoid receptor (GR) functioning 

by decreasing their expression, phosphorylation state, protein-protein interactions, and/or 

GR binding to DNA (Capuron et al., 2007; Pariante & Miller, 2001). An increased 

inflammatory reaction may, in this case, cause a cytokine-induced feed-forward cascade 

leading to decreased effectiveness of the GRs, and the gluccocorticoid mediated feedback 

loop that they are involved in (Capuron, et al., 2007).  

 Cortisol itself can cause negative alterations in brain physiology. In 2008, 

Marieke et al. found a negative correlation between cortisol levels and gross size of 

hippocampal tissue. This was a worrying finding, and several other studies have 

attempted to pinpoint the relation between cortisol, depression, and the hippocampus; 
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specifically, the relation of depression with cortisol levels, the relation of cortisol to 

limbic functioning, and the relation of depression and cortisol levels with memory and 

executive functioning. 

 These studies have variously found that elevated cortisol is related to poorer 

performance on memory tasks, and that depression and cortisol interact for poorer 

performance on a color-word indices of response inhibition (Gomez, Posener, Keller, 

DeBattista, Solvason & Schatzberg, 2009).  Depression independently has been 

correlated with poorer memory performance on a delayed recall test (Gorwood, Corruble, 

Falissard & Goodwin, 2008), which was associated with hippocampal dysfunction.  

Supporting this interpretation, studies have shown that depression is associated with 

decreased hippocampal volume, neural atrophy, and loss of neurons (Marieke et al., 

2008; Schmidt & Duman, 2006).  

 In a review, Sapolsky (2000) describes the role that neurodegeneration plays in 

several types of psychiatric disorders. He says that too many glucocorticoids (GCs) in the 

hippocampus cause an increase of excitatory amino neurotransmitters, such as glutamate, 

in the synapses. GCs will also affect the availability and effectiveness of certain 

neurotrophins: brain-derived neurotrophic factor in particular, which helps to maintain 

neural connections. These combined effects can cause atrophy in dendritic processes, 

leading to explicit memory deficits (Sapolsky, 2000). GCs are also shown to be 

neurotoxic to CA3 neurons in the dentate gyrus, and also to inhibit adult hippocampal 

neurogenesis (Sapolsky, 2000).  

 Various MRI studies have shown gross hippocampal volume reduction in 

depressives, ranging from 8% to 15%, depending on whether depression was severe or 

mild, and also whether patients were in remission (Bremmer, Narayan, Anderson, Staib, 
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Miller & Charney, 2000). One study claimed to be able to predict the actual number of 

days an individual had been experiencing depressive symptoms, depending on the 

magnititude of hippocampal degeneration (MacQueen, Campbell, McEwen, Macdonald, 

Amano & Joffe, 2003). 

 Seeing as the hippocampus is involved in the feedback loop for CRH, both in the 

evaluation of stressors and recognition of circulating GCs, these findings are worrying.  

Damage to the hippocampus inhibits the functioning of the Papez circuit, in that the 

evaluation of emotionally relevant stressors will be impaired. It also means that following 

an alarm response, the body will be unable to downregulate its circulating GCs, because 

of the effects of pro-inflammatory cytokines in altering the morphology of GC receptors, 

which makes the hippocampus unable to inhibit the production of CRH.  

 At both the levels of neurophysiology (World II) and immunology (World I) there 

exist bi-directional effects that contribute to depressive symptoms. The memory and 

response inhibition deficits resulting from hippocampal degeneration (Gomez et al., 

2009; Gorwood, et al., 2008) also represents a significant World II  World I 

interaction, in that impaired memory and cognitive functioning are likely to reinforce 

negative self-ideations, as well as make potentially neutral stimuli aversive.  

 The elucidation of the relation between stressor evaluation, immunology and 

depression has lead to interesting revisionist hypothesisizing. It has been suggested that 

there may exist a mechanism by which anti-depressants can increase hippocampal 

neurogenesis, effectively treating the memory impairing, immunological factors of 

depression at the biological level (Schmid & Duman, 2006). In animal models, anxiety 

and behavioral impairment due to psychosocial stress have been shown to decrease 

hippocampal neurogenesis (Dranofsky & Hen, 2006). Further, chronic treatment with 
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serotonin reuptake inhibitors such as fluoxetine have proven effective in reversing stress-

induced impairment of neurogenesis, as well as behavior irregularities (Malberg & 

Duman, 2003).  

 A proposed mechanism by which monoamine modulators (such as SSRIs) may 

accomplish these effects involves the fact that chronic stress results in the decreased 

transcription of brain-derived neurotrophic factor (BDNF) (Dranofsky & Hen, 2006). As 

described earlier, BDNF functions in maintaining the survival of existing neurons, as well 

as inciting the growth and differentiation of new neurons and synapses. This happens 

throughout the body, but in adulthood it is most relevant in the dentate gyrus of the 

hippocampus, where neurogenesis occurs.  

 It has been shown that monoamine modulators results in an increase of BDNF 

transcription (Dranofsky & Hen, 2006). Combined with the findings that pro-

inflammatory cytokines can decrease BDNF, it would seem that while stress impairs 

hippocampal neurogenesis, antidepressants promote it. This might be a way of explaining 

the positive effects SSRIs have shown, but through a different mechanism, tied in with 

stress theory and a psychoneuroimmunological approach to depression, rather than the 

serotonin hypothesis.  

Summary  

 It seems that there are grounds to associate depression with findings of the 

deleterious effects of cortisol, by means of the HPA axis.  Cortisol is involved in a 

complex array of feedback loops; an upregulation can cause various effects including the 

inability to react appropriately to threatening stimuli, a maintained resistance stage 

(contributing to risk of CVD, as well as general health problems), and different cognitive 

impairments due to neurodegeration in the hippocampus.  
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 Depression research at the level of psychology has contributed much in as far 

understanding symptoms, risk factors, and treatments (Kanter, 2008), but insight into the 

corollary activity in the immune, neural, and endocrine systems can provide valuable 

additive knowledge.  Utilizing an interactionist approach, the conceptual differences that 

may arise between the two levels of investigation (the psychological and biological) do 

not necessitate elimination. The psychological, neuroendocrine and immunological levels 

of description are not used as a means of explaining each other, but rather as a means of 

explaining a general phenomenon: in this case, MDD. 

 Returning to my initial claim that Eccles’ interactionism can be applicable in PNI, 

I believe that the three worlds can be appropriated as such: World I includes the smallest 

level of study, which is the individual immune cells, as well as the hormones involved in 

neuroendocrine initiations. World II includes the neurophysiological structures and 

processes, such as those involved in the Papez circuit, particularly the hippocampus, the 

anterior cingulate, the hypothalamus, and pituitary gland. Finally, World III encompasses 

stress theory. This includes the environment (life stressors, interpersonal stressors, etc.), 

and the mind, which attributes meaning to those stressors.  

 As shown in this review, all of these Worlds interact among each other, and with 

themselves. The neurophysiological is influenced by the mental (World III World II), 

and the neurophysiological affects itself, e.g. through electrical stimulation in Papez 

circuit. World II affects the release of CRH and eventual cortisol, along with IL-6 and 

other pro-inflammatory cytokines (World II  World I). World I affects both World II 

and World III. Cortisol feeds back to the hypothalamus, and has effects on the 

hippocampus and amygdala (World I  World II) which in turn changes the way 

stressors are evaluated (World II  World III). 
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 These are just some examples. Causal chains, as mentioned in the previous 

analysis of interactionism, can be conceptualized in potentially infinite ways. But rather 

than being a determent, this conceptual flexibility provides a useful groundwork to relate 

somewhat disparate levels of explanation, without trying to reduce them. It also manages 

to avoid the problem of accounting for psycho-physical laws, because the goal of 

interactionism is not to solve the mind-brain problem, but rather to provide a useful and 

accurate way of describing reality (Eccles & Popper, 1974). It can be thought of more as 

a model than a metaphysics (Figure 7). 
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Figure 7. Diagram of Interactions in Psychoneuroimmunology. 
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 While scientists may consider approach as an implicit separation of the mind, or 

mental, with the body, or physical, I believe that this is an unnecessary conclusion.  My 

argument in this case is not necessarily for an interactionist ontology, but rather an 

interactionist methodology.  Imagining the levels of psychological description as 

interacting with the level of neurophysiology and immunology has shown to catalyze 

discoveries, rather than inhibit them. Although a neuroscientist could choose to be a 

substance dualist, with no real harm, believing that the mind and the body are two 

separate substances is not required for this type of interactionism.  It is a framework from 

which models can be built and tested empirically.  

 There may come a point in the future where every nominal mental state can be 

related identically to a brain state, but at this point this has not been accomplished.  

Because the psychological level of explanation is helpful in describing facets of mental 

illness that the level of biology cannot, such as behavioral contingencies, and takes into 

account the subjective experience of having a mental illness, I believe as of yet, a non-

reductive stance is a good choice for neuroscientists. Rather than discounting 

psychological variables as having little explanatory value, interactionism attempts to 

integrate them with the physiological. The psychological and the physiological are not 

seen as independent and competing levels of explanation, which must be reduced, but 

rather as facets of a larger picture: that of human beings.  
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    CHAPTER V: CONCLUSION AND FINAL STATEMENTS 

 

The Brain—is wider than the Sky— 
For—put them side by side— 
The one the other will contain 
With ease—and You—beside— 
 
The Brain is deeper than the sea— 
For—hold them—Blue to Blue— 
The one the other will absorb— 
As Sponges—Buckets—do— 
 
The Brain is just the weight of God— 
For—Heft them—Pound for Pound— 
And they will differ—if they do— 
As Syllable from Sound— 
  
                -- Emily Dickinson 
 
 

 I have discussed the pragmatism in accepting interactionism. I have conceded, for 

those still dedicated to physicalism, that one does not have to be an ontological dualist to 

take into account the importance of maintaining folk psychology. Folk psychology may 

in fact retain a level of explanatory power that neurophysiology does not. At the 

beginning of this thesis, the goals were set out as the following: 

 

1) Provide an overview of mind-body theories within the context of reductionism 

2) Examine the problems with an eliminativist and reductive materialist approach 

3) Examine a non-reductive philosophical stance which allows for productive 

neuroscientific research. 

 

Chapter two set out to describe the major divisions in philosophy of mind. Monistic and 
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dualistic theories were discussed, as well as arguments for and against them. There was a 

recurrent problem of interaction. While insisting that they are separate, dualistic theories 

cannot account for how the mind and the body interact. Part of the conflict was shown to 

be the assumption that any account of interaction must be naturalistic -- explainable in 

terms of the natural sciences.  

 I discussed reductive materialism and eliminativism at length. Both have 

contentions with the psychological level of explanation; reductive materialism is in favor 

of eliminative reduction, which would eliminate psychological terms after they have been 

reduced to neurobiology, while eliminativism is in favor of the concatenation of 

psychological terms before any such reduction could occur. Eliminativism contends that 

folk psychology is inept, and generally provides explanations that are not only inaccurate, 

but false.  

 Chapter three examined problems with eliminative reduction and eliminativism. 

Eliminative reduction was initially attacked on methodological grounds, using the 

examples of the serotonin hypothesis, and neuroimaging. I asked the question, “If one 

assumes that someday we may have the technology to be able to make identity claims 

about mental illness and brain states, is it still possible that some fundamental aspect 

would be left unexplained?” I concluded that the unexplained remainder would be 

subjective experience. This was shown to be in violation of one of the requirements of a 

broad reduction, which is explanations without remainder. 

 I considered the problem of subjective experience, as discussed within the hard 

problem of consciousness. In particular, I reviewed David Chalmers’ differentiation 

between the soft problems and hard problem. The soft problems, Chalmers considers as 

following under the realm of potential reduction, through the means of neuroscience. Soft 
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problems include examinations into phenomena like the executive functions. In contrast 

the hard problem resists reduction through neuroscientific means.  

 Daniel Dennett contends that through his method of heterophenomenology, it can 

be shown that the hard problem of consciousness is reducible to cognitive functions like 

self-report. Dennett condones examining these self-reports and contrasting them to 

physiological recordings in order to show that subjective experience is no more than a 

physical event, causing a person to report some experience that they actually are not 

having. 

 Chalmers’ responds to those who discount the hard problem by reiterating that 

any supposed objective examination of personal experience will itself entail subjective 

experience. For Daniel Dennett to take a stand on looking inside through 

heterophenomenology, there will be something it is like for Daniel Dennett to do so. This 

response does not discount the eliminativist complaint however, which is that the 

something it is like does not exist in the first place. The two arguments were reexamined 

in the light of Negative EMC, which sets up contingencies for making metaphysical 

claims about the world through epistemological necessity.  

 Chapter four showed how interactionism, which divides reality into three separate 

worlds, can be extrapolated for the use of different academic disciplines. I used the 

example of psychoneuroimmunology, which integrates psychology, neuro-

endocrinology, and immunology. I reviewed some studies on depression, which were 

shown to take into account the subjective interpersonal variables, as well as the objective, 

physiological ones. Alternative hypotheses of the etiology of depression were discussed; 

specifically, that from the lens of stress theory, Papez circuit, and the HPA axis. 

 In this thesis I have attempted to synthesize an array of complex theories, perhaps 
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not spending enough time acknowledging the subtleties and internal dialectics inherent to 

any one of them. I made assumptions that there eliminative-materialist and eliminativist 

neuroscientists exist, and that the presence of such scientists lends a threat to the 

psychological level of description. As a student with limited exposure to the realms of 

psychiatry and neuroscience, it is possible that my notions about the implications of 

philosophical assumptions are unfounded.  

 I admit that the difficulty in providing evidence to substantiate these claims lends 

to this criticism. I have encountered no studies attempting to explore the underlying 

philosophical assumptions of neuroscientists; also, because such assumptions are 

implicit, rather than explicit, such a study would be difficult to conduct. Despite this, in 

examining several key texts written by those who are psychiatrists, philosophers, or 

neuroscientists, I still believe that the question of reductionism is important. 

 In chapter three I attempted to demonstrate the interface between reductionist 

attitudes and scientific inquiries and claims, but secondary to this, I also argued in what 

might be considered an ethical mode, implying that psychiatrists should not overprescribe 

when the mechanism of a psychopharmaceutical is inconclusive (such as with SSRIs), 

and that neuroscientists should not begin brain imaging investigations into mental 

illnesses until the relevant dependent variables have been isolated and operationalized. 

 The latter concern was particularly oriented towards laymen, who may read 

articles in pop science magazines purporting that the “mate choice” center of the brain 

has been discovered (Fischer et al., 2007), and believe that such an identity claim is true. 

Even if one believes that philosophical questioning is irrelevant to research, if it can lead 

to better adherence to the Hippocratic Oath, or elucidate ethical considerations, then it is 

worth investigation. 
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