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ABSTRACT 

 

 

CORTICAL LOCALIZATION DEBATE WITH ITS HISTORICAL 

BACKGROUND 

 

 

Ekemen, Cengiz 

 

M.A. in Philosophy 

 

Supervisor: Assoc. Prof. Dr. Samet Bağçe 

 

Co-Supervisor: Assist. Prof. Dr. Didem Gokçay 

 

 

September 2012, 77 pages 

 

 

The primary aim of this thesis is the consideration of neuroscientific studies 

regarding the localization of high-level cognitive (i.e., nonsensory and 

nonmotor) processes into the brain. To accomplish this aim, I briefly 

summarized history of the localizations which lead to the cortical 

localization of high-level cognitive processes. Then, I present a case study, 

memory consolidation to compare molecular neuroscience (MN) and 

cognitive neuroscience (CN) as to how they differ in their localizations. 

After I put forward the difference between MN and CN, I make use of 

Uttal’s arguments to consider the localizations of MN and CN. His 

arguments resemble the underdetermination problem and pessimistic meta-

induction (PMI) highly debated topic in scientific realism debate. In this 

respect, I examine UD and PMI with its relevance to MN and CN. 
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ÖZ 

 

 

TARİHSEL ARKA PLANI İLE BİRLİKTE KORTİKAL LOKALİZASYON 

TARTIŞMASI 

 

 

Ekemen, Cengiz 

 

Yüksek Lisans, Felsefe Bölümü 

 

Tez Yöneticisi: Doç. Dr. Samet Bağçe 

 

Ortak Tez Yöneticisi: Yard. Doç. Dr. Didem Gökçay 

 

 

Eylül 2012, 77 sayfa 

 

 

Bu tezin temel amacı yüksek-düzeyli kognitif (duyusal ve motor olmayan) 

işlemleri beyne lokalize eden sinirbilim çalışmalarını değerlendirmektir. Bu amaca 

yönelik olarak, kortikal lokalizasyon çalışmalarına yönlendiren lokalizasyon 

çalışmalarının tarihini kısaca inceledim. Daha sonra, moleküler sinirbilimin (MS) 

ve kognitif sinirbilimin (KS)yaptığı yüksek-düzeyli lokalizasyonları karşılaştırmak 

amacıyla bir örnek olayı, hafıza konsolidasyonunu, inceledim. MS’in ve KS’nin 

yaptığı lokalizasyonlardaki farklılığı ortaya koyuktan sonra, lokalizasyona karşı 

olan Uttal’ın argümanlarını ortaya koydum. Uttal’ın argümanları bilimsel 

gerçekçilik tartışmasında tartışılan “underdetermination problem” ine ve 

“pessimistic-meta induction” a benzemektedir. Bundan dolayı, bu problemleri MS 

ve KS bağlamında tartıştım. 
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CHAPTER I 

Introduction 

 

The aim of this thesis is the evaluation of localizations of high-level cognitive (i.e., 

nonsensory and nonmotor) processes into the brain. There are currently two 

different views as to where the localizations should be done. One of them is 

cognitive neuroscience (CN) which localizes cognitive processes to gross 

anatomical structures in the cortex. In other words, CN localizes cognitive 

processes to neuronal populations and pathways between them. The other view 

regarding the place of localizations is molecular neuroscience (MN). MN points 

out molecular pathways within a neuron as the correct locus to which localizations 

should be done. Although MN and CN differ in their localizations, they both 

localize high-level cognitive processes to cortex. Their differences arise whether it 

should be molecular or neuronal pathways in the cortex. Thus, I presented a 

history as to when cortex was seen as a place to study. Moreover, in order to 

compare MN and CN, I presented a case study with its history called as memory 

consolidation. After this, I put forward Uttal’s criticisms of localization and their 

resemblance to two highly debated problems in scientific realism debate; 

underdetermination and pessimistic meta-induction. In order to achieve my aim, 

this thesis is organized in the following order; Ch.2: A Brief History of the 

Cortical Localization, Ch.3: Memory Consolidation, CN and MN, Ch.4: 

Localization of Mental Functions and Its Problems, Ch.5: Underdetermination, 
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Pessimistic Meta-Induction and Localization, Ch.6: Conclusion. In the following, I 

will try to outline the contents of these chapters.  

 

Firstly, I started by presenting the historical account of localization studies starting 

with Ancient Greeks. Although, in this period, brain was regarded as the place to 

localize sensory-motor processes and high-level cognitive processes by some such 

as Erasistratus and Galen, this view was not an undisputed subject. For example, 

Aristotle regarded heart as the place to localize high-level cognitive processes. 

There were also some other figures who considered chest as the place of cognitive 

processes such as Parmenides and Epicurus. Moreover, even if the brain was 

regarded as the place of cognitive processes, it was not clear as to where in the 

brain the localizations should be done. For example, in the medieval period, 

scholars localized cognitive processes to the ventricles, cavities in the brain, not to 

the brain tissue. In the renaissance period, old ideas were challenged but not 

altogether rejected. For example, da Vinci provided true anatomical drawings of 

the ventricles, which was missing in the medieval period1. However, he did not 

question the ventricular localization. In this period, Vesalius argued that ventricles 

of humans did not differ from ventricles of animals. In this respect, ventricular 

localizations may be wrong. On the other hand, he did not point out the tissue, 

cortex, to localize cognitive processes. The ignorance of the cortex in studying 

cognitive processes continued until the nineteenth century. In the nineteenth 

                                                            
1 Look at the figures 1, 2, 3, 4 and 5 at the figures part for the comparison of the illustrations of 
the ventricles. Figures 1, 2, 3 and 4 are the pictures of the ventricles drawn at the medieval 
period. Figure 5 is the true anatomical drawing of the ventricles.  
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century, Franz Joseph Gall argued for the localization of cognitive processes to the 

cortex although in an indirect way. He proposed a method, phrenology, to study 

mental functions through cranium. According to him, brain tissue may produce a 

swelling in the cranium due to its development. In this respect, one can determine 

the functions of the underlying tissue by examining the cranium. Although Gall’s 

method is obviously wrong because brain tissue cannot give shape to cranium, he 

started an important discussion regarding the localizations. The discussion was 

basically this; what to localize where. In other words, he started the discussion of 

mental taxonomy. Until the nineteenth century, this discussion did not appear in 

the localization studies. Rather more general concepts such as intelligence, 

memory, thinking, etc. were the subjects of localizations. Galen argued against 

these categories and said that these categories did not explain species differences 

and individual differences. In order to produce his taxonomy, he went to asylums, 

examined abnormal behaviors and craniums of people who exhibited abnormal 

behaviors. However his discussion of mental taxonomy did not receive serious 

attention as his method, phrenology. His opponent Jean Pierre Marie Flourens, 

experimental physiologist, argued against Gall’s method and his idea of cortical 

localizations of mental functions. Flourens argued for the equipotentiality of 

mental functions although he localized some sensory-motor functions in lower part 

of the brain such as medulla oblongata. He was against any kind of localization in 

the cortex. The most highly recognized localization in the cortex was that of 

Broca’s. Broca localized articulate speech in the third left frontal convolution. 

After nine years later to Broca’s localization, Fritsch and Hitzig proved 
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experimentally that one part of the cortex was related to motor functions and one 

part to sensory functions. It is important to note that these localizations were 

sensory-motor localizations. However sensory-motor localizations provided the 

impetus for the studies of cognitive processes in the cortex. 

 

In the third chapter, memory consolidation and its localization with its history are 

presented. Its history started with the patient H.M. who underwent a surgery due to 

severe epilepsy. After the surgery, it was observed that he lost his ability to form 

new memories. It was thought that his inability was the consequence of the 

removal of medial temporal lobe bilaterally. Further research showed that 

hippocampus, a member of the medial temporal lobe, was the real basis of H.M.’s 

inability. Today, memory consolidation is localized to hippocampus2 by cognitive 

neuroscientists and philosophers who espouse CN. On the other hand, molecular 

neuroscientists and philosophers who espouse MN think that localization of 

memory consolidation should not be done to this gross anatomical structure3. 

Rather, its localization should be done to molecular pathways within a neuron in 

the hippocampus. In this respect, there are two different views as to how the 

localization of the memory consolidation should be done. It is important to note 

that this divergence is not restricted to memory consolidation. The divergence is a 

more general discussion between MN and CN regarding the localizations of 

mental functions.  

                                                            
2 Look at the figure 6 to see the structure and pathways of the hippocampus. 
 
3 Look at the figure 7 for the schematic illustration of the subject matter of molecular 
neuroscience and cognitive neuroscience. 
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In the fourth chapter, I used Uttal’s arguments to discuss the divergence between 

MN and CN. Although Uttal criticizes only CN in his book, The New Phrenology, 

his criticisms also constitute a challenge to MN as well. The reason is that he 

criticizes localizations of cognitive processes whether it is gross anatomical 

localization or molecular localization. First, he says that there is no continuity of 

the mental taxonomy throughout the generations. Then there is no reason to 

believe that our current taxonomies will survive in the next generation. Second, he 

says that any theory is possible to interpret behavioral data because the data is 

neutral to the theory. He called these two arguments as the premier difficulty of the 

localizationists.  

 

In the process, I realized that Uttal’s arguments against localization resemble the 

problems highly debated in scientific realism debate. The problems are pessimistic 

meta-induction (PMI) and underdetermination (UD). The PMI indicates that 

successful theories were given up in the past and our current theories are on a par 

with the old ones. In this respect, our current theories are more likely to be given 

up. In this respect, it seems that Uttal’s argument about the discontinuity of mental 

taxonomy resembles the PMI. In addition, the UD says that there are empirically 

equivalent infinitely many ways to capture a phenomenon. Then, deciding for one 

of scientific accounts of the phenomenon will pose a problem. This resembles 

Uttal’s arguments that any theory is possible based on behavioral data which are 

neutral to theories. In order to discuss the PMI and the UD, I briefly presented 

what scientific realism is because the PMI and the UD are arguments against 
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scientific realism. This also required introducing the difference between 

observable entities and unobservable entities. 

 

In the conclusion, I lay out the results of my discussions of MN and CN with 

respect to the UD and the PMI.  
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CHAPTER II 

A Brief History of the Cortical Localization 

 

In this chapter, I will try to summarize history of the developments which led to 

the cortical localization of mental functions into the brain. By mental functions, I 

mean high level cognitive (i.e., nonsensory and nonmotor) processes such as 

memory, thinking, etc. These cognitive processes are separated from sensory-

motor processes in two respects. First, while sensory-motor processes can be 

traced through nervous system anatomically, higher cognitive processes cannot be 

traced. The reason is that higher cognitive processes may be triggered by a spoken 

word, by thinking, etc. Second, since high-level cognitive functions cannot be 

anchored to physical stimuli, they are theoretical, i.e., higher cognitive functions 

have more of a hypothetical nature. 

 

The history of the localization involves the question; what to localize where. The 

“what” part includes questions such as that what is memory or what is thinking 

etc.  Whether these concepts are the real constituents of the mental life or not is 

discussed in the “what” part. The “where” part includes the question what bodily 

parts are responsible for the mental life. Until the nineteenth century, the “what” 

part of the question did not appear in the discussions. Rather, the “where” part was 

discussed.   
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There were several different answers regarding the place of the mental functions 

throughout the history. These answers may be listed as cardiocentric localization, 

ventricular localization, cephalocentric localization and cortical localization. 

 

2.1 Ancient Greeks 

In Hellenic Alexandria, a model Greek city in Egypt ruled by Ptolemies, 

Herophilus (335-280 B.C.) and Erasistratus (c.310-250 B.C.) performed the first 

systematic dissections on human brains (Finger: 1994, p.16). After these 

dissections, Herophilus asserted that the ventricles, cavities in the brain, were 

responsible for thought, “namely judgment in the anterior part (lateral ventricles), 

cognition in the middle part (third ventricle) and memory in the posterior part 

(forth ventricle)” (Rose 2009: 243). In this respect, Herophilus asserted ventricular 

localization. However, Erasistratus, who considered the convolutions of the brain 

as the place of thought, asserted cortical localization. There were other figures in 

the Ancient Greek that considered the brain as the place for intellect but there was 

no conclusive conclusion with respect to the discussion. For example, Aristotle 

(384-322 B.C.) asserted cardiocentric localization by saying that heart was 

important for mental capacities. As for the brain, it was regarded as the cooling 

device by Aristotle.  

 

Galen (c110-180 AD), who studied in Hellenic Alexandria, asserted that brain 

itself is the place for thought, which may be called as cephalocentric localization 

because convolutions of the brain were functionless according to him. He claimed 
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that donkeys had to be the most intelligent species in the universe because they 

had the most complex convolutions (Finger: 1994, p.17). As for the ventricles, 

they were the place of vital powers, discharged thence when needed to perform an 

action. Vital powers were the result of a transformation of the animal powers 

produced by the left ventricle of the heart. This transformation takes place in a net 

of blood vessels at the base of the brain. This net of blood vessels, which is called 

as rete mirable by Galen, exists in animals but not humans. Since Galen made 

dissections on animals only, he assumed that the net also existed in humans.  

 

Galen did not discuss in detail what to localize in the brain. For him, imagination, 

cognition and memory were the components to be localized in the brain. He said 

that these components may act separately. However, he did not localize them in 

different parts of the brain (Finger: 1994, p.17). 

 

One last note about Galen is that his teachings survived until renaissance. 

Although his position regarding the place of mental functions was not followed by 

medieval scholars, his physiological and anatomical teachings were studied until 

renaissance as will be seen in the following.    

 

In addition to cardiocentric, ventricular and cephalocentric localizations, there 

were other bodily parts that were regarded as the place for mental functions. For 

example, mental functions were localized in the chest by Parmenides and Epicurus 
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in the blood by Empedocles and between the eyebrows by Strato (Rose 2009: 

241).  

 

2.2 Medieval Period 

The idea of Herophilus that thought resides in the ventricles was accepted in the 

medieval period. It was generally thought that sensation was in the anterior 

ventricles (lateral ventricles), cognition was in the third ventricle and memory was 

in the fourth ventricle (Clarke & Dewhurst 1974: 10). There were several 

variations regarding the places of, for example, cognition or sensation in the 

ventricles. However the main idea was the localization of mental faculties in the 

ventricles, i.e., ventricular localization. 

 

The idea of rete mirabile was the other concept that existed in the medieval period. 

It is very confusing, however, that even scholars who performed human brain 

dissections did not challenge the idea of rete mirabile which does not exist in 

humans but animals.  

Throughout the Middle Ages and later its reality went unchallenged 
even by those dissecting human bodies, such as Mondino de L’uzzi (c. 
1270-1326), Leonardo da Vinci (1472-1519) and Ryff (c.1505-1548) 
(Clarke & Dewhurst 1974: p.58).  

 

2.3 Renaissance Period   

In the Renaissance, which is seen as a transition period from the idea of ventricular 

localization to cortical localization, the old ideas were challenged but not 
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altogether rejected. For example, Leonardo da Vinci found that the ventricles were 

not like the illustrations of the medieval scholars because medieval scholars 

generally draw ventricles as circles in the head. In this respect, da Vinci diverged 

from medieval scholars in drawing true anatomical drawings of the ventricles. On 

the other hand, he adhered to the ventricular theory because the only thing he did 

regarding ventricular theory was to change the place of sensation from the anterior 

ventricle to the middle one.  

 

Andreas Vesalius (1514-1564), another figure in this period, shed doubt on the 

ventricular localization by saying that ventricles of humans did not differ from 

ventricles of animals which did not have the same human mental capabilities4. 

However, he did not say about where these capabilities resided. He rather said that 

anatomy had its limits; thus he made a contribution to the period of rejection of 

cerebral convolutions. In this respect, he “never challenged Galen’s position on the 

size and complexity of the cerebral convolutions” (Finger 1994: 23).  

 

Vesalius read at least three anatomical works of Galen and urged his 

contemporaries by saying that he counted at least 200 cases in error in Galen’s 

work (Finger 1994: 22). Thus he made an emphasis on the studies made by open 

mind with respect to the structure and functions of the brain. However he, who 

performed human brain dissections, even did not challenge to the idea of rete 

mirabile at first. He then “became convinced that the rete mirabile did not exist in 

                                                            
4 The comparison reminds me of Galen who did not localize mental functions in the 
convolutions by saying that donkeys had the most complex convolutions.  
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man and was astonished at his own credulity that had led him to accept what 

manifestly was not there” (Clarke & Dewhurst 1974: p. 58). Because of his 

opposition to the old ideas, his teacher called him “two legged ass” and “requested 

that Vesalius be heavily punished and in every way restrained, lest by his pestilent 

breath he poison the rest of the Europe” (Finger 1994: p.23). 

 

On the other hand, Vesalius accepted the idea of animal spirits that were stored in 

the ventricles. Thus, it may be said that in this period physiology remained much 

more traditional but there was a growth in the anatomical knowledge. 

 

2.4 Seventeenth and Eighteenth Century 

Whereas the true anatomy of the ventricles was reestablished, true anatomy of the 

cerebral cortex was still compared to the intestine, the analogy first made by 

Erasistratus (c.310-250 B.C.). It is very interesting though when one thinks the 

difference today. Today neuroscientists see patterns on the brain which could not 

be seen until the 17th century. In the 17th century, a revolutionary shift occurred in 

the brain sciences. This shift of attention was started by Franciscus de le Boe 

(1614-1672) and extended by Thomas Willis (1621-1675).  

 

In the first half of the century attention was still paid to the inside of the brain, 

specifically ventricles. However, in 1660 de le Boe, who adopted the name 

Francois Sylvius, suggested that animal spirits were secreted from the cerebral and 
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cerebellar cortex instead of the ventricles. “Thus for the first time the grey matter5 

was allocated a specific function” (Clarke & Dewhurst 1974: 70). He also 

described the Sylvian fissure which means that brain has some certain pattern 

instead of being like intestine. It should be noted that the realistic drawings of the 

brain became widespread in this period starting from the Renaissance as opposed 

to Middle Ages.  

 

Willis6 in his book Cerebri Anatome (1664) adopted Sylvius proposition about the 

importance of cortex and emphasized that memory, will and imagination were 

cerebral functions. Willis proposed that corpus striatum (caudate, putamen and 

globus pallidus, structures of basal ganglia) was the region of sensus communis, 

corpus callosum (white matter between cortex and basal ganglia) was of 

imagination and cerebral cortex (the surface of the brain, excluding cerebellum, 

hind part of the brain) was of memory.  

 

Willis shifted attention to the white matter and grey matter instead of the 

ventricles. He also described the region which was called by Galen as rete 

mirabile in humans and at this point the discussion of rete mirabile started to 

decline. The important point, here, is that interest was shifted to tissue. However, 

this did not result with the growth of knowledge about the functional brain parts; 

                                                            
5 Grey matter is the neuronal cell bodies which present in the depth (basal ganglia) and surface 
(cortex) of the brain. There is also white matter which consists of axons that provide 
communication between neurons. It is in the between cortex and basal ganglia.  
 
6 Neurology is one of the new words Willis introduced. 
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It might have been expected that Willis’ introduction of the concept of 
cortical function would have provided an impetus to elucidating other 
aspects of brain function. But, on the whole, progress was slow. There 
were advances in techniques of illustrating, with the introduction of 
increasingly refined and accurate reproductions of cerebral surface so 
that by the end of the 18th century drawings were vastly improved, 
though still not entirely life like, and from a morphological point of 
view, often quite crude. From the mid-17th century to the end of the 
18th little or no investigation of the convolutions was carried out and 
so the idea of a definite pattern with gyri and sulci had yet to be 
established. (Clarke & Dewhurst 1974: 81) 
 

Karenberg says that cortex, seen as the place of the mental functions today, was 

missing in the 18th century (2009: 250).    

 

2.5 Nineteenth Century 

Until the 19th century, brain tissue had been generally ignored as the place of 

mental functions with some exceptions mentioned above. Rather, ventricles had 

been taken into consideration as the place. As a consequence of the anatomical and 

physiological discoveries in the 19th century such as the specific localization of the 

respiration in one part of the brain, medulla oblongata, scientists gave serious 

considerations to brain tissue. Although localization of respiration which was a 

localization of a sensory-motor function was not a localization of mental functions, 

sensory-motor localizations provided the impetus for the localizations of mental 

functions.  

 

The other thing about the 19th century is that for the first time there appeared a 

discussion regarding the nature of the mental functions to be localized. 

Specifically, what are the mental functions to be localized? 
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Julien-Jean-Cesar Legallois (1770-1840) found in 1806 that when one cut the 

medulla oblongata (lover part of the brain) from the level of eighth cranial nerve, 

respiration stopped immediately. Also in this century, Charles Bell (1774-1842) 

and François Magendie (1783-1842) found separately that the dorsal roots of the 

spinal cord7 were the region of sensory areas and ventral roots of the spinal cord 

were the region of motor pathways. This was the era of identifying different parts 

of the central nervous system. These discoveries were concrete examples of 

localization of some functions though not mental functions. The real impetus 

started with Gall’s phrenology regarding the idea of cortical localization of mental 

functions. 

At the beginning of the 19th century the slowly increasing interest in 
the cerebral gyri rapidly gathered momentum as the so-called 
“science” of cranioscopy or phrenology developed. Introduced in the 
1790’ by an anatomist, Franz Joseph Gall (1758-1828), who was aided 
in its dissemination by his pupil Johann Caspar Spurzheim (1776-
1832), it is postulated that the brain was the organ of the mind with 
mental and moral faculties located in the specific areas of its surface 
so that a surfeit or deficiency of each could be detected by examining 
the cranium. They and their followers, therefore, carefully divided the 
head into precisely defined compartments, each with its own specific 
function. (Clarke & Dewhurst 1974: 91)   
 

Franz Joseph Gall (1758-1828) was one of the main figures in the 19th century 

who argued for the localization of mental functions into the brain.  

[N]o one before Gall argued for the dependence of the mind on the 
brain in such detail, specifically disproving the role of other organs, 
specifically including all the intellectual and moral propensities, and 
demonstrating countless instances of the parallelism between 
variations in the brain and variations in mental and behavioral 
phenomena (Young 1970: 20). 

   

                                                            
7 The spinal cord and brain together form the central nervous system. 
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After establishing that brain is the organ of the mind, Gall argued that the 

differences between species and the differences between individuals should be 

explicated by any theory of the functions of the brain. At this point he argued 

against the mental functions such as memory, reason, intelligence, etc. He argued 

that these were abstract generalities which were not able to account for the 

differences between species and the differences between individuals.  

Whether we admit, one, two, three, four, five, six or seven faculties of 
the soul, we shall see, in the sequel, that the error is always the same, 
since all these faculties are mere abstractions. None of these faculties 
mentioned, describes either an instinct, a propensity, a talent, nor any 
other determinate faculty, moral or intellectual. How are we to 
explain, by sensation in general, by attention, by comparison, by 
reasoning, by desire, by preference, and by freedom, the origin and 
exercise of the principle of propogation; that of the love of offspring, 
of the instinct of attachment? How explain, by all these generalities, 
the talents for music, for mechanics, for a sense of the relations of 
space, for painting, poetry, etc. (Gall 1835: 80-83, quoted from Young 
1970: 18). 
 

He said that attention, reasoning, etc. are philosophers’ categories which deal with 

the mind in general, i.e. mind’s relation with the objects in producing knowledge 

about them (Young 1970: 18)8. He contended that the determination of the 

functions was an empirical issue and we had to find these faculties by observing 

nature; the behaviors of men and animals. 

 

In order to find the mental functions empirically which could account for the 

differences between species and the differences between individuals, Gall 

examined striking behaviors of individuals in the society. He went to asylums, 

                                                            
8 When he was studying his theory in Paris, associationist (empiricist) philosophy was 
prevailing. 
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talked to art masters, etc. According to Gall, one could determine the most basic, 

primitive faculties in this way which would constitute the set of psychological 

categories. His some of the proposed faculties were “sexual instinct, maternal 

behavior, self defence, carnivorous instinct, verbal memory, sense of locality, 

language, music, numerical ability, conscience” which are prevailing in modern 

cognitive neuroscience (Young 1970: 23). 

 

As for the localization of these functions, Gall proposed a method, phrenology. 

According to Gall, there were as many cortical areas as there were many mental 

functions. Striking behaviors were consequences of these cortical areas (Young 

1970: 21).  These cortical areas made the skull swell out due to its development. 

Thus, by examining the cranium, one could know which region caused the 

behavior in question. Although Gall’s method was obviously wrong, he started the 

discussion of what to localize into the brain apart from the discussion of where to 

localize.  

 

Gall had serious objections regarding phrenology and his ideas about the plurality 

of mental functions. For example, Jean Pierre Marie Flourens (1794-1867), 

experimental physiologist, opposed Gall’s ideas about the plurality of mental 

functions and proposed cortical equipotentiality. His nomenclature was composed 

of what Gall called as abstract generalities such as memory, intelligence, etc. 

According to Flourens, cortex is a unitary organ and memory, intelligence, etc. 

constituted a unitary function (Young 1970: 73). Although Flourens himself 
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localized some functions in the nervous system such as the localization of “basic 

functions necessary for life” in the medulla oblongata, he was an opponent of 

cortical localization of mental functions (Finger 1994: 36).  

 

At this point, it may be helpful to mention Gall’s and Flourens’ philosophical 

orientations which may cause us to diverge a little from the main point. When Gall 

started to study his theory, sensationalist philosophy derived from Locke was 

prevailing. Locke elaborated an empiricist theory. What is important here is that 

Locke was after explaining human understanding in producing knowledge. “The 

categories and operations which Locke defined and studied were therefore 

intellectual ones” (Young 1970: 15).  

 

Sensationalists were after deriving the categories and operations of Locke’s from 

simple sensations in the name of tabula rasa view. Gall “rejected the tenets of 

sensationalism and sought to replace their epistemological psychology with a 

biological one” (Young 1970: 15) by saying that sensationalism could not explain 

differences between species and differences between individuals in a species. 

 

Flourens, on the other hand, rejected sensationalist attempt of reducing mental 

functions to simple sensations because he believed in the unity of the soul and 

independence of mental functions from simple sensory-motor functions. 

According to him, “if one mental function is lost, all [mental functions] are lost” 

(Young 1970: 69). He came to this conclusion by the experiments he performed on 
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animal brains. He observed that mental functions of an animal can recover after 

ablation if sufficient brain tissue was left (Young 1970: 69). In addition, he 

concluded that neither cerebrum nor cerebellum were responsible for muscular 

contractions9 after performing stimulation experiments on the cerebral cortex 

(Young 1970: 67). This also provided a ground for the separation of the sensory-

motor functions from the mental functions. Moreover, cortex was not regarded as 

the place of sensory-motor functions historically until the experiment of Fritsch 

and Hitzig (1870).  

 

The first highly recognized localization in the hemisphere was that of speech 

(1861). It was substantiated by Paul Broca (1824-1880). Although the attempt was 

not new, Broca’s being the leading figure among scientists helped him to establish 

the discovery more easily (Finger 1994: 38). It is important to note that Broca did 

not consider speech as a motor function because of “Flourens’ separation of 

intellectual functions from motor functions and his exclusion of the latter from the 

cerebral lobes ...” (Young 1970: 144). He “could not believe that the cerebral 

convolutions were involved in motions” (Young 1970: 144).   

 

In 1870, nine years later after Broca’s localization, Fritsch and Hitzig published 

their study, “On the Electrical Excitability of the Cerebrum”. The study proved 

                                                            
9 His failure to find muscular contractions depended on the fact that he performed his 
experiments on birds which have no or little motor cortex (Young 1970: 63). More 
importantly, he inferred his findings to humans uncritically whose cortical dependency is 
higher than animals such as ducks, pigeon, frogs on which Flourens performed his experiments 
(Finger: 1994: 36). 
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significantly that a part of the cerebrum is motor and another part is not. Ferrier 

(1843-1928) replicated the study of Fritsch and Hitzig and found fifteen areas in a 

monkey brain excitable by electrical currents.  

 

Broca’s localization of articulate speech in the third left frontal convolution and 

Fritsch and Hitzig’s localization of motor functions stimulated studies regarding 

the cortical localization of mental functions. In the following, I will present the 

localization of memory consolidation in detail. The localization started in the 

twentieth century and its research continues today.  
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CHAPTER III 

Memory Consolidation, Cognitive Neuroscience and Molecular Neuroscience 

 

In this chapter, I will present a case study which is called memory consolidation 

with its historical background. Before going into details of memory consolidation, 

a short introductory to what memory amounts to will be made. This, I think, will 

provide insights regarding memory consolidation, cognitive neuroscience (CN) 

and molecular neuroscience (MN) both of which localize memory consolidation in 

different cortical areas.  

 

Memory consolidation refers to the ability to form memories. Its discovery follows 

a pathway from the behavioral deficit of patient H.M. to molecular mechanisms 

within a neuron. After the details of memory consolidation, I will present CN and 

MN as to how they differ in their localizations of memory consolidation. CN and 

MN both account for the same observable phenomenon, the behavioral deficit of 

H.M., with different brain mechanisms. In this respect, there are two different 

localizations of the same phenomenon. While CN refers to gross anatomical level 

(neuronal population) in its localization of memory consolidation, MN points to 

molecular level within a neuron to provide an account of the same phenomenon. 

One thing to note is that this difference between CN and MN is not restricted to 

memory consolidation. Rather, the difference demonstrates a divergence in 

neuroscience as to how the localizations should be done.  
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3.1 Memory10 

Memory is the ability to recall information that has been stored before. The ability 

to recall information involves three stages. The first stage is called encoding which 

refers to the process when new information is encountered for the first time. 

Encoding stage involves acquisition and consolidation. While the former refers to 

sensory analysis, the latter refers to the interval where the information is 

consolidated. In other words, consolidation refers to the phenomena where short 

term memories become long term memories. The second stage for the ability to 

recall information is the storage stage. At this stage the information encountered is 

being stored. The last one is the retrieval stage by which the stored information is 

recalled.  

 

There are different types of memory systems, which are basically differentiated 

with respect to the retention time of information and the content of information. In 

the case of the retention time, there are two types of memory; short-term memory 

and long-term memory. Short-term memory is transient, unstable, and measurable 

with minutes. On the other hand, long-term memory can last for a life time. Long-

term memory involves declarative memory and nondeclarative memory. The 

former “refers to knowledge that we have conscious access to, including personal 

and world knowledge” (Gazzaniga et al. 2002: 314). In this respect, declarative 

memory is explicit; it is a conscious act to recall stored information. Declarative 

                                                            
10 Look at the figure 6 for the schematic illustration of the memory systems. 
    For more detailed and historical information about memory see Tulving (1995) and Squire 
(2004). 
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memory has two distinctions with respect to the content of information; episodic 

memory and semantic memory. Episodic memory refers to personal experiences 

that happened in a specific time and place. For example, a person’s memory of 

walking in a rainy day is an example of episodic memory. Semantic memory, on 

the other hand, refers to factual knowledge about things. Knowing what rain is an 

example of semantic memory which is not related to any kind of spatiotemporal 

context.  

 

Nondeclarative memory, the other kind of long-term memory, “refers to 

knowledge that we have no conscious access to such as motor and cognitive skills” 

(Gazzaniga et al. 2002: 314). In this respect, nondeclarative memory is implicit. 

For example, learning how to ride a bicycle is a type of nondeclarative (implicit) 

memory. Nondeclarative memory, involves procedural memory, priming and 

perceptual learning, simple classical learning, etc. The example, given above, 

learning how to ride a bicycle, is a procedural memory which is not accessible 

consciously.   

 

3.2 Memory Consolidation 

In 1953, H.M. who suffered from severe epilepsy underwent a surgery which 

involves the removal of medial temporal lobes (MTL) bilaterally. After the 

surgery, H.M.’s short term memory was intact and there was no sign of mental 

illness or reduced intelligence. He could remember old memories of his own. 
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However, he lost his ability to form memory11. For example, he did not recognize 

an individual who just spoke to him after his/her absence for a few minutes. He 

described his psychological state as “constantly waking from a dream and 

everything looking unfamiliar” (Andersen, Morris, Amaral, Bliss, and O’Keefe 

2007: 13).  

 

Medial Temporal Lobe (MTL), removed in the surgery, is composed of 

parahippocampal, perirhinal and entorhinal cortices (EC), and hippocampal 

formation. Subsequent studies showed that hippocampus, member of the 

hippocampal formation, is the real basis of H.M.’s inability in memory formation. 

Hippocampus, located on the inferior and medial aspect of the temporal lobe, is 

divided into CA (corn ammonias) areas; CA1, CA2, CA3 and CA4. Together with 

the dentate gyrus (DG) and subiculum, they constitute hippocampal formation. 

Main inputs to the DG are provided by EC via perforant pathway. The other 

pathway, mossy fiber pathway, provides inputs to CA3 pyramidal cells from 

granule cells of the DG.  Lastly, inputs from CA3 pyramidal cells to CA1 

pyramidal cells are provided via Schaffer collateral pathway. There are also 

several feedback and feedforward pathways in the hippocampal formation. 

Moreover, hippocampal formation sends information to frontal, parietal and 

temporal lobes via entorhinal cortex which has connection with parahippocampal 

gyrus and perirhinal cortex. It also receives inputs from frontal, parietal and 

                                                            
11 H.M. lost his ability to form episodic and semantic memories. He could acquire new skills 
although he did not remember learning the skill, which is procedural memory.  



25 
 

temporal lobes in the same way. In this respect, there are several networks in the 

brain and hippocampus belongs to these several networks in different ways12. 

 

In 1949, Donald Hebb put forward a neurophysiological postulate as that; 

When an axon of cell A is near enough to excite a cell B and 
repeatedly or persistently takes part in firing it, some growth process 
or metabolic change takes place in one or both cells such that A’s 
efficiency, as one of the cells firing B, is increased (Hebb 1949: 62). 
 

He further postulated that learning and memory is better understood in terms of 

synaptic strength and plasticity. Synaptic plasticity refers to the growth process or 

metabolic change. The more the cell A fires the cell B, the more the growth 

process takes place in the synapse between A and B and vice versa. This, in turn, 

increases synaptic strength. The importance of Hebb’s postulate and the 

relationship between memory (and learning) and synaptic plasticity (and strength) 

was the focus of subsequent researches in hippocampus after its involvement in 

memory had been well understood. 

 

In 1973, Bliss and Lomo stimulated perforant pathway of 18 anesthetized rabbits 

for either 10-20 electrical pulses/second or 100 pulses/second delivered for 3-4 

minutes. After this conditioning train, granule cells of DG are stimulated once 

                                                            
12 In studying pathways of the hippocampus or any part of the brain, fMRI (functional 
magnetic resonance imaging) is a powerful tool. It is a huge magnet that measures blood flow 
increases which means the activation of the part of the brain. In other words, when there are 
increases in the blood flow in a part of the brain, it means that the part of the brain is active. In 
determining the increases, “[t]he fMRI detectors measure the ratio of oxygenated to 
deoxygenated hemoglobin. This ratio is referred to as the blood oxygenated level dependent 
effect, or BOLD effect” (Gazzaniga, Ivry, Mangun 2002:137). For more detailed information 
see D’esposito, Zarahn and Aguirre (1993). For fMRI studies of the localization of high-level 
cognitive processes see Gabrieli (1998). 



26 
 

again via perforant axons. It was observed that the magnitude of the response of 

the granule cells was greater than the control group. Moreover, the effects of the 

stimuli were measured from 30 minutes to 10 hours in vitro. This means that there 

was a long-term increase in the magnitude of excitatory postsynaptic potentials 

(EPSPs). This phenomenon, observed in the perforant axons, was dubbed as long-

term potentiation (LTP). In order to exclude the effect of anesthesia, Bliss and 

Gardner-Medwin conducted another experiment (1973) and observed the same 

phenomenon; increase in the magnitude of EPSPs. 

 

Subsequent research showed that LTP has two phases; early phase LTP (E-LTP) 

and late phase LTP (L-LTP). Conditional stimulation of fibers with a high-

frequency electric pulse starts E-LTP. It does not require gene expression or new 

protein synthesis as in L-LTP. Two directly coupled neurotransmitter receptors are 

involved in the first phase. They are AMPA and NMDA receptors. While AMPA 

receptors are selective for Na⁺ and K⁺, NMDA receptors are selective for Na⁺ and 

Ca²⁺.  

 

Action potentials, induced by stimulations, lead to the release of neurotransmitter 

glutamate in increased amounts from axon terminal to the synaptic cleft. First, 

released glutamate transmitters diffuse in the synaptic cleft and bind AMPA and 

NMDA receptors. Glutamate binding opens a channel for Na⁺ ions via AMPA. 

Influx of Na⁺ across the membrane leads to the membrane depolarization. 
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Sufficient depolarization of the membrane allows influx of Ca²⁺ via NMDA 

receptors by removing Mg²⁺ blockage.  

 

Tyrosine kinases13, intracellular enzymes, activated by the Na⁺ influx via AMPA 

receptors, phosphorylate14 a subunit of NMDA receptor which improves the 

conductivity of the NMDA. Ca²⁺ ions bind calmodulin (CaM) and increase Ca²⁺-

CaM complex. The increased amount of Ca²⁺-CaM complex has two effects. First, 

the complex stimulates adenylyl cyclase. The stimulation of adenylyl cyclase leads 

to the conversion of ATP molecules into cyclic adenosine monophosphate 

(cAMP), which is the principal energy source necessary for cellular metabolic 

processes. Second, activation of autophosphorylation of Ca²⁺/calmodulin-

dependent protein kinase II (CaMKII) by the complex keeps phosphorylation of 

NMDA intact. At this point, we have phosphorylated NMDA but we also need 

phosphorylated AMPA because what we are looking for is increased amount of 

excitatory postsynaptic potentiation (EPSP). By the phosphorylation of AMPA, 

the membrane would have the sufficient depolarization with a weak stimulation 

which pops out Mg²⁺ from NMDA and the whole process mentioned above takes 

place. The phosphorylation of AMPA is the result of cAMP binding with 

regulatory subunits of protein kinase A (PKA) molecules. cAMP binding to this 

protein kinase prevents dephoshorylation of CaMKII and a subunit of the NMDA 

                                                            
13 Kinases are enzymes which start or prevent chemical events. 
 
14 Phosphorylation is a process by which a phosphate group (PO₄) gets attached to a protein. 
This attachment changes three dimensional configuration of the protein that lead to a variety of 
changes in the protein’s interactions within cell. 
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receptor. Already phosphorylated CaMKII (P-CaMKII) in turn phosphorylates a 

subunit of the AMPA receptor.  

 

As it is mentioned above, in the experiment of Bliss and Lomo (1973) and Bliss 

and Gardner-Medwin (1973), LTP does not only mean an enhanced EPSP but also 

long-lasting potentiation. The enhanced EPSP was measured from 30 minutes to 3 

hours. L-LTP, on the other hand, is the phase where enhanced EPSP is stabilized 

beyond 3 hours or days.  

 

L-LTP requires gene expression and new protein synthesis. Although the initial 

steps of L-LTP are the same with E-LTP, there is a new player at this phase which 

is modulatory neurons. They release dopamine (DA) neurotransmitters in 

mammals. DA receptors are indirectly coupled receptors. These receptors’ three 

dimensional configurations do not change as a result of binding. They rather 

generate intracellular signaling inside the cell by using G-proteins or second 

messengers. DA binding activates a G-protein, guanine triphosphate (GTP), which 

causes adenylyl cyclase to convert ATP into cAMP. cAMP functions as a second 

messenger rather than a principal energy source for the cell. It binds with subunits 

of PKA as in the E-LTP and this produces a greater amount of catalytic PKA 

subunits in a very short time. As a result, catalytic subunits move into the 

postsynaptic cell’s nucleus. This movement starts the consolidation that 

differentiates L-LTP from E-LTP. In the nucleus, catalytic PKA subunits 

phosphorylate a class of cAMP response element binding proteins (CREB) which 
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leads to gene expression and new protein synthesis. At the end of the process of L-

LTP, new synaptic connections occur at the dendritic spines. The result is the 

synaptic enhancement or to put it another way, the result is the memory 

consolidation H.M. lost after the surgery. 

 

The importance of the tragic case of H.M., which leads to studies that unravel the 

mechanisms of memory consolidation, is depicted by Stark as that “it would be 

almost impossible to begin a discussion of the role of hippocampal region in 

human memory without considering the patient H.M.” (2007: 550) 15.  

 

3.3 Memory Consolidation, CN and MN  

Memory consolidation is still an ongoing investigation area. The investigation, as 

it is described above, followed a path from the behavior deficit of H.M. to the 

molecular pathways within a neuron16. Whether molecular pathways are just a 

temporary station or a level in the localization of memory consolidation is the 

main point that differentiates MN and CN.  

 

There is a difference between MN and CN with respect to the answer they give to 

the question whether there are multiple levels concerning localization in 

                                                            
15 Craver points out that the surgery H.M. underwent removed anterior part of the 
hippocampus, larger part of the hippocampal formation and the amygdala. In this respect, the 
link between memory and hippocampus was not solid until 1978. The link is clear “… in 
retrospect (to those trained with this link in mind) …” (2003: 166). 
16 I do not intend to claim that all discoveries follow this path.  
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neuroscience. Neuroscientists and philosophers who espouse CN say yes to the 

question above. These levels arise from molecular pathways within a neuron and 

synapses between neurons to neuronal populations and behavior. CN suggests that 

a phenomenon that is realized, for example, by a neuron such as firing should be 

explained with reference to molecular mechanisms within a neuron. On the other 

hand, a phenomenon that is realized by a neuronal population should be explained 

with the activities and pathways that occur between neurons. The concern, at this 

level, is not molecular mechanisms within neurons. Molecular mechanisms 

constitute parts of the part (neuron) which together with other parts (neurons) 

realize the phenomenon in question. In this respect, CN localizes memory 

consolidation into the hippocampus and related networks it belongs because it is 

the level that memory consolidation should be explained. Recall that there are 

three pathways; mossy fiber, Schaffer collateral and perforant pathways in the 

hippocampal formation. Moreover, hippocampal formation receives and sends 

information to frontal, parietal and temporal lobes. In this respect, CN says that 

these gross anatomical structures constitute the level into which memory 

consolidation should be localized.      

 

On the other hand, Bickle, who espouses MN, suggests that “memory 

consolidation has been reduced (“linked”) to the molecular mechanisms of LTP17” 

(Bickle 2003: 45). All of the levels, above molecular mechanisms, have heuristic 

                                                            
17 LTP occurs in many regions of the brain irrelevant to memory consolidation. Bickle refers to 
the LTP related to memory consolidation. 
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value. When higher levels are accounted for in terms of MN, there will be nothing 

left concerning the higher levels (Bickle 2006: 428). Furthermore, Bickle has no 

hesitation to account for psychological phenomena with further physical terms. He 

says that intervention at the quantum level to track behavior is not possible now. 

But then he speaks about the possibility of “interven[ing] biophysically and 

track[ing] behaviorally” (Bickle 2006: 431).  In this respect, it seems that 

molecular mechanisms of LTP constitute a temporary station as a locus of memory 

consolidation because of the possibility of intervening biophysically. On the other 

hand, neuroarchitecture of hippocampus and the networks it belongs seem to be 

the last stop of memory consolidation for CN.  

 

It is obvious that there is a difference between the localizations provided by CN 

and MN regarding the mental function, memory consolidation. But they have a 

point in common; they are reductionist in their accounts. That is, they try to 

explain the psychological phenomena, memory consolidation, with the workings 

of the brain. MN explains it with the workings of the molecular mechanisms of 

LTP within a neuron while CN explains it with the neural population and the 

networks between them.  

 

 

 

 

 



32 
 

CHAPTER IV 

Localization of Mental Functions and Its Problems 

 

Localization of high-level cognitive (i.e., nonsensory and nonmotor) processes is 

the current paradigm in brain studies although there is no clear-cut evidence in 

support of the localization. In this respect, there is an ongoing discussion with 

respect to the reliability of the localization assumption. For instance, Uttal 

criticizes the attempts of localization in his book, The New Phrenology. As it is 

obvious, it compares current attempts to the phrenology of Gall.  

 

Uttal’s arguments are based on two problems. One of them is the difficulty of 

forming mental taxonomy. The other is the complexity of brain and criterion-level 

thresholds. In this chapter, I start with Uttal’s arguments about the difficulty of 

forming mental taxonomy, called as the premier difficulty by Uttal. Premier 

difficulty points out two further problems. One of them is that there is a 

discontinuity regarding mental taxonomy in the history. The other is that it seems 

possible to compose different mental taxonomies based on behavioral data. In this 

respect, there may be alternative accounts regarding mental taxonomy. After I 

present what Uttal says about the premier difficulty, I will examine his arguments 

about the complexity of brain and criterion-level thresholds.  
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4.1 Uttal’s Arguments 

William Uttal, in The New Phrenology, criticizes attempts of localization of high-

level cognitive (i.e., nonsensory and nonmotor) processes into the brain. Since it is 

the current attempt of localization after phrenology, he refers to cognitive 

neuroscience (CN) as the new phrenology in his criticisms. However, Uttal’s 

criticisms can be taken as to constitute a challenge to molecular neuroscience 

(MN) as well insofar as it attempts to localize cognitive processes to molecular 

pathways within a neuron rather than neural networks. Then, apart from the 

discussion between MN and CN as to where the localization should be done, the 

localization pursuit poses a problem for both MN and CN according to Uttal.  

 

Uttal asserts that mind is a unified entity that cannot be separated into different 

processes (components, modules or faculties). What are measured in the 

experiments, he says, are the properties of the unified mind (2001: 136). The 

difference between Uttal and localizationists lies in the fact that the properties 

together do not constitute the mind since they are not the constituents of the mind. 

On the other hand, if they are considered as the constituents of the mind, then it is 

appropriate to assert that separable processes together constitute the mind. What 

the next step should be is, then, to find these processes and localize them into the 

proper brain regions as CN suggests or molecular pathways within a neuron as 

MN suggests. 
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4.2 Premier Difficulty   

According to Uttal, finding the so-called separable processes is the premier 

difficulty of the localization pursuit (2001: 151). In other words, the difficulty lies 

in forming the mental taxonomy; knowing what to localize where18. Moreover, he 

says that “an infinite number of behaviorally indiscriminable alternative inferences 

and potential mechanisms are possible, many, perhaps even most, of which are 

plausible” (2001: 92). Different mental taxonomies can be composed based on 

behavioral data because the data are neutral to true mechanisms and accounts. The 

problem is that there are empirically equivalent infinitely many ways to capture 

phenomena. Then, there is no reason to accept current mental taxonomies since 

there seems to be other possibilities.  

  

Another argument Uttal uses against localization pursuit regarding taxonomy is 

that “the components suggested in one generation are largely forgotten in the next” 

(2001: 145). In the history of the idea of cortical localization of mental functions, 

from the time of ancient Greeks (even more before) to modern times, different 

taxonomies are propounded in order to explain mental life and behavior. In this 

respect, taxonomies of the present CN and MN will most likely not survive in the 

next generation according to Uttal19. Then there is no reason to believe that current 

                                                            
18 This point was put forward by Gall when he asked that if you do not know the category you 
attempt to localize, how you would find the region of it in the cerebrum. The problem is about 
knowing what to localize. This is one of the reasons why he chose psychology over anatomy. 
For more detailed information, see Young (1970). 
19 One may wonder whether CN and MN offer different taxonomies. This will be discussed in 
the following chapter. 
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taxonomies of MN and CN will be permanent. Discontinuity serves as an indirect 

answer to the destiny of the localization pursuit (2001: 144).   

 

Due to the discontinuity of mental taxonomies throughout the generations and the 

behaviorally indiscriminable alternative inferences and potential mechanisms, 

Uttal questions the reality of processes as constituents of the mind, but not as 

properties of the unified mind as he claims them to be so. 

 

4.3 Complexity of the Brain and Criterion-Level Thresholds 

Apart from the premier difficulty, Uttal points out a constraint on the methods of 

brain studies, complexity of the brain. He asserts that even if the brain is 

decomposable, we may be unable to unravel cognitive processes as constituents of 

the brain. This is not because of methodological or technological limits. 

Localization attempt may not be able to realize its objective since brain is highly 

complex and highly interconnected entity. Although this is not an excuse to give 

up a research, the complexity causes methodological problems.    

 

An example of the methodological problems that arises from brain’s complexity 

can be given from lesion studies. In a typical lesion study a brain region is 

lesioned. Then, what the brain region does is inferred from missing behavior. 

However, in a highly interconnected brain, the lesioned region may be necessary 

for the missing behavior, but it is not clear that the region is also sufficient for the 

behavior. In this respect, lesion studies do not provide sufficiency of the lesioned 
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region for the behavioral deficit. Moreover, the complexity may cause rather 

difficult conditions. Suppose that activation of X inhibits the activation of Y which 

is necessary for the function A. In an investigation where X is activated, the 

outcome will be the absence of A. Based on this; A may be localized to X without 

ever noticing Y. This objection can also be taken as a challenge to MN as well 

when its method is presented as “intervene causally at the level of cellular activity 

or molecular pathways within specific neurons and then track the effects of these 

interventions under controlled experimental conditions” (Bickle 2006: 425). The 

reason is that system complexity is not peculiar to gross anatomy but also 

observed at the molecular level. In this respect, the intervention may unravel what 

is necessary for the behavior. However, it does not show what is also sufficient for 

the behavior.  

 

Another problem Uttal refers to is about setting criterion-level thresholds. In 

lesion, fMRI (functional magnetic resonance imaging), etc. studies, decision about 

activation (or deactivation) is made when criterion-level threshold is met. But the 

criterion is determined by experimenters in accordance with the localization 

assumption. This is an arbitrary choice that creates methodological artifacts 

according to Uttal (2001: 155, 167). These artifacts are separable components to 

be localized into the brain. Since the assumption is decomposable brain, 

investigators are looking for separable high-level cognitive processes. However, in 

order to find separable processes, they use arbitrary criterion-level thresholds that 

depend upon the assumption of decomposable brain. In this respect, any data that 
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cannot be used to produce separable entity are discarded. Uttal suggests that this is 

a circular way to prove that brain is decomposable since there is no necessity to 

analyze the data in accordance with the localization assumption. Rather it is the 

hypothesis to be tested.  

 

The main reason of circularity, according to him, lies in the fact that the working 

hypothesis cannot be tested independently as it is tested with sensory and motor 

components:  

[T]he dimensionality of each sensory modality is well defined. For 
example, vision is made up of channels or modules sensitive to color, 
brightness, edges, and so on. These attributes or dimensions are not 
hypothetical constructs inferred from behavior; rather, they are 
empirical observations measured with the units of the physical world. 
Because a thought may be triggered by a spoken word, by a visual 
image, or even by a very abstract symbol, we can establish neither its 
links to the physical representation nor its anatomical locus (Uttal 
2001: pp.111-114).  
 

This point is presented by Fodor in a way that "… there is practically no direct 

evidence, pro or con, on the question whether central systems are modular" (1983: 

104). In order to avoid circularity, then, one needs to “add that the dissociations do 

not arise from damage to non-modular systems” (Shallice 1988: 248).  

 

On the other hand, Bechtel (2002) says that circularity poses a problem only when 

tools are not able to produce contradictory results. For example, if we cannot find 

two different brain regions for two different mental processes our psychological 

account suggests, then the finding constraints psychological account. Moreover, 

this goes in both ways. Psychological account also confines brain studies such as 
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neuroimaging. Then, we need not to worry about the claim that “such research is 

bound to generate confirmations” (Bechtel 2002: 238). However, this does not 

make the problem soluble. Uttal basically claims that we may find inseparable 

processes if we set up criterion-level thresholds in accordance with the assumption 

of unified mind.  

 

As it is stated above, circularity problem arises since high-level cognitive 

processes cannot be anchored to physical stimuli. We cannot trace them as in the 

case of sensory and motor processes and say that they are separable. Rather, we try 

to find whether cognitive processes are decomposable. Indirect inferences from 

behavior, fMRI data, etc. are used as evidence for decomposability. Uttal’s claim 

has its strength from this state of affair when he says that we may analyze the data 

in accordance with the idea of unified mind because data are neutral to true 

mechanisms, which brings us back to the premier difficulty because data are 

indifferent to true mechanisms.  

 

High-level cognitive processes cannot be anchored to physical stimuli. Their 

existences are inferred from behavior, fMRI data, etc. indirectly; 

it is a brute fact that the brain contains neurons that fire to create 
mental states or cause actions and this occurs independent of human 
experience and measurement. It is not a brute fact, however, that this 
neuronal activity can be easily classified as automatic processing or 
controlled processing; that some ‘‘islands’’ in the brain realize 
cognitions whereas others realize emotion; or even that the self, or 
goals, or memories live in specific parts of the brain (whether in a 
local or distributed specific, unchanging network) (Barrett 2009: 329). 
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In this respect, high-level cognitive processes are unobservable entities that we 

cannot directly experience as in the case of sensory-motor components. However, 

what this difference between high-level cognitive processes and sensory-motor 

components implies is the subject of the next chapter. In the discussions of 

scientific realism, status of unobservable entities posed by scientific theories is a 

highly debated subject. In this respect, I will present a scientific realism debate and 

its implications to the discussion of high-level cognitive processes in the following 

chapter.  
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CHAPTER V 

Underdetermination, Pessimistic Meta-Induction and Localization 

 

In the previous chapter, it is pointed out that the status of unobservable entities is a 

highly debated topic in the discussions of scientific realism. Hence, in this part, I 

will try to explicate what scientific realism is and how scientific realism explains 

the success of science. The reason is that unobservable entities play a crucial role 

in scientific realism’s explanation of the success of science. My goal here is not to 

discuss some subtle issues regarding scientific realism and its opponent which is 

instrumentalism. I am in pursuit of opening the way to discuss two prominent 

objections to scientific realism. One of them is called as the underdetermination 

(UD) problem one aspect of which sheds doubt about theory choice in science. 

The other problem is called as pessimistic meta-induction (PMI) problem which 

points out theory changes.  

 

Both of the problems mentioned above criticize scientific realism and its inference 

about the status of unobservable entities (theoretical entities) employed in 

scientific theories. Due to the success of science, scientific realism claims that 

unobservable entities employed in our (mature) theories exist in a way that a 

common sense object, say, table exists. On the other hand, instrumentalism denies 

this scientific realist claim. Instrumentalists say that unobservable entities are 

symbolic means to organize experience. Then, it seems important to provide an 

insight about the difference between an unobservable entity employed in (mature) 
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theories and an observable entity. In this respect, I choose to start this chapter by 

giving a rather crude account as to how the distinction between unobservable and 

observable entities arises. As it is pointed out in the previous chapter, high-level 

cognitive processes are also regarded as unobservable entities since we cannot 

anchor those processes to physical stimuli as in the case of sensory-motor 

components. Rather their existences are inferential based on fMRI, behavior 

deficits, etc. 

  

After the distinction between unobservable and observable entities, I will examine 

scientific realism’s arguments, Putnam’s no miracle argument and Smart’s cosmic 

coincidence argument, regarding the status of unobservable entities employed in 

scientific theories. In the following, I will introduce the UD and the resemblance 

of one of Uttal’s arguments of premier difficulty, possibility of alternative 

mechanisms, to the UD. I will examine implications of the UD to the idea of 

unified mind and to localization on the one hand. On the other hand, I will 

examine cognitive neuroscience (CN) and molecular neuroscience (MN) with 

respect to the UD. Then, I will introduce the PMI. The relationship between the 

PMI and Uttal’s second argument about the difficulty of forming mental 

taxonomy, discontinuity of taxonomy throughout generations, will be discussed. 

What are the implications of the PMI and the UD to the accounts of CN and MN 

will be the main concern. 
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Before going into details, let me clarify one last thing. I do not intend to present 

the implications of the PMI and the UD in a way to challenge scientific realism. 

The reason basically is that scientific realists argue against, for example, the PMI 

with an emphasis to mature science. Mostly, physics is regarded as a mature 

science. In this respect, neuroscience may be classified as an immature science by 

scientific realists. How scientific activities are categorized as mature and immature 

science is beyond the scope of this paper. Basically, in classifying a scientific 

activity as a mature science, realists emphasize (novel) predictions, simplicity, etc. 

Any of these issues do not constitute the concern of this chapter.    

 

5.1. Distinction between Observable Entities and Unobservable Entities 

There is a table in front of me on which there are some pencils and books. I look 

around and see walls and chairs. On the other hand, science tells me that atoms are 

the basic components of the table, the chairs etc. and atoms are made of electrons, 

neutrons and protons. However, I am not aware of any of these in my experience. I 

just see the table and the chairs, etc. directly, not atoms. Then, there seems to be a 

difference between the appearance of the table in front of me and the table science 

talks about. The difference arises from the fact that  

My scientific table is mostly emptiness. Sparsely scattered in that 
emptiness are numerous electric charges rushing about with great 
speed; but their combined bulk amounts to less than a billionth of the 
bulk of the table itself (Eddington 1928: x). 
 

The table with which I have acquaintance is a common sense object.  I can observe 

its appearance. I can experience its rough surface, its color, etc. In this respect, it is 
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an observable entity. On the other hand, I cannot experience the scientific table. I 

am not familiar with the scientific description of it in my experience. Thus, 

“numerous electric charges” are unobservable entities. I cannot directly experience 

them as in the case of common sense objects. Therefore, there is a difference 

between an observable entity and an unobservable entity.  

 

Science does not only posit electric charges and atoms as unobservable entities in 

its theories. It posits genes, DNA molecules, viruses, electromagnetic fields, 

gravitational forces, quarks etc. Since they are posited in a theory, they are also 

called as theoretical entities. By means of these theoretical entities, science 

explains observable phenomena and predicts future behavior of observable 

phenomena. Explanations and predictions science provides are usually successful. 

How to explain especially the empirical success of science is the main theme 

because different answers give rise to different philosophies of science such as 

scientific realism and instrumentalism.  

 

5.2. Success of Science and Scientific Realism 

It seems obvious that science is a successful activity. This can simply be inferred 

by looking to technological developments. Leaving the technological 

developments aside, a scientific theory is said to be empirically successful when 

its predictions turned out to be true, i.e. empirical success. Moreover, scientific 

theories do not only predict already known phenomena. They also make novel 

predictions. For example; 
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In 1818 Fresnel developed a mathematical theory according to which 
light consists of waves of a particular kind, namely transverse waves. 
... . It predicted that, in certain circumstances, light that was shone on 
a completely opaque disk would cast a shadow with a bright white 
spot in its centre. The phenomenon has now been observed many 
times. However, Fresnel knew nothing of it when he developed his 
theory, and indeed did not even derive the result himself. … it is a 
prediction of completely new and unexpected type of phenomenon 
(Ladyman, 2002, p.240). 
 

However, what this success amounts to is a different issue. For example, does this 

novel empirical success warrant the conclusion that what the theory says about the 

microstructure of light is true? 

 

According to instrumentalists, the answer to the question above is no. Theories are 

just tools to predict phenomena and they use theoretical entities to achieve this 

aim. “Theories may employ whatever symbolic means is available to organize 

experience, but they do not represent anything “deeper” than experience (Psillos 

1999: 73). In this respect, theoretical statements cannot be taken as something that 

describes what is beyond the experience. They are “for connecting empirical laws 

and observations that would otherwise be taken to be irrelevant to one another, and 

for guiding further experimental investigation” (Psillos 1999: 17). Thus, 

theoretical statements are not assertions that have truth values regarding what lies 

beyond the experience. 

 

On the other hand, scientific realism says that theories are not tools for prediction. 

They give us (approximately) true representation of the universe. Thus, theoretical 

statements have truth values because theories tell us something about the universe 
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deeper than the experience. In this way, one can explain the success of science 

because science grasps the hidden mechanisms and entities that we cannot grasp 

directly in experience. Then, Fresnel’s theory of light was able to make the novel 

empirical prediction mentioned above because his theory is (approximately) true. 

In fact, Putnam says that “[t]he positive argument for realism is that it is the only 

philosophy that does not make the success of science a miracle” (Putnam 1975: 

73). This positive argument is dubbed as the “no-miracle argument” (NMA) 20.  

 

Another argument in favor of scientific realism is put forward by J. J. Smart. He 

says that it would be a cosmic coincidence if a theory is empirically successful and 

it has no truth in its theoretical statements21. Smart asks that “[i]s it not odd that 

the phenomena of the world should be such as to make a purely instrumental 

theory true?” (1963: 39).  

… Smart’s “no cosmic coincidence” argument … claims that it is 
intuitively more plausible to accept realism over instrumentalism 
because realism leaves less things unexplained and coincidental than 
does instrumentalism (Psillos 1999: 73). 

 

Both NMA and no cosmic coincidence argument emphasize that the empirical 

success of science needs explanation. This requires the interpretation of theoretical 

entities in a realist manner. Then, the assertion of the existence of theoretical 

                                                            
20 Since my aim is not to discuss subtle issues between scientific realism and instrumentalism, I 
will not discuss problems of NMA. The problem with NMA arises from the fact that it is a 
form of a more general argument which is called as inference to the best explanation (IBE). 
Instrumentalists say that NMA is circular because it is a form of IBE of which legitimacy is in 
question by instrumentalists. For more information see van Fraassen (1980).  
 
21 Smart’s argument is not subject to circularity objections since it “relies on primarily intuitive 
judgments as to what is plausible and what requires explanation” (Psillos 1999: 73).   
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entities is an inference based on the success of science. In order to explain the 

success of science, scientific realism combines three different stances that form the 

core of scientific realist position. These are metaphysical stance, semantic stance 

and epistemic stance; 

1. Metaphysical stance. It claims that there is a mind-independent world. 

Both theoretical entities posited by empirically successful theories and common 

sense objects such as table exist mind-independently.  

2. Semantic stance. It says that theoretical statements as well as statements 

concerning common sense objects have truth values. In this respect, theoretical 

statements must be read literally. If a scientific theory says that electron exists, 

then electron exists. Electron, here, is not some kind of a symbol to organize 

experience.  

3. Epistemic stance. It says that we can know whether a theoretical 

statement is true or false as in the case of the statements concerning common sense 

objects. In this respect, we can determine whether a theoretical entity posited by a 

theory refers to something in the mind-independent world. 

 

In the following I will examine the two prominent challenges, the UD and the 

PMI, to scientific realism and its implications to brain studies.  

 

5.3 Underdetermination Problem 

Underdetermination problem points out that what happens if we have two 

theoretically different theories T and T' about the same phenomena, which are 
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empirically equivalent theories. T and T' are theoretically different theories 

because their theoretical entities are different. It means that there is an ontological 

difference between T and T'. They are empirically equivalent because their 

predictions are on a par. Then one should make a choice between T and T' 

because there should not be two different accounts of the same phenomena. If T is 

true, then T' should be false or vice versa because scientific realism offers us to 

interpret theories literally, i.e. semantic stance. On the other hand, theory choice is 

not an unproblematic issue when one makes a decision in favor of T and not T' 

when they are underdetermined empirically. The reason is that empirical success 

seems to be the most compelling evidence in favor of a theory’s being true 

representation of the universe.  

 

In the history of science, there are pairs of theories that have been alleged to be 

empirically equivalent with respect to the same phenomena; 

Ptolemaic and Copernican astronomy between 1540 and early in 
the seventeenth century; Newtonian and Cartesian physics before 
the mid eighteenth century; wave and particle optics in the 
eighteenth century; and atomism and anti-atomism between 1815 
and 1880 (Ladyman 2002: 164).   
 

In the case of Ptolemaic and Copernican astronomy, they could not be both true 

even if they are empirically equivalent theories if we interpret them in a scientific 

realist manner. The reason is that while Ptolemaic astronomy envisages a 

geocentric universe, Copernican astronomy envisages a heliocentric universe. It 

seems obvious that the universe cannot be both heliocentric and geocentric at the 

same time. However, it was not possible to choose one of the theories by means of 
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their empirical success. Ptolemaic and Copernican astronomy were 

underdetermined by the available evidence at the time between 1540 and early in 

the seventeenth century.  

 

One commonly held answer to the question as to how to choose between 

empirically equivalent hypotheses is that one can design an experiment to falsify 

one of them. There seems to be an example of this kind of experimental test in the 

case of the wave and particle optics in the eighteenth century.  

 

Huygens’ wave theory of light and Newton’s corpuscular theory of light were two 

competing theories that said different things about the nature of light in the 

eighteenth century. “These were the only two possible hypotheses as far as one can 

see …” (Duhem 1906: 189). Huygens’ wave theory of light predicted that light 

travels faster in water than in air. Newton’s corpuscular theory of light predicted 

that light travels faster in air than in water. Foucault designed what is called a 

crucial experiment to compare their predictions.  At the end, it turned out that light 

travels faster in water.  

 

At this point, the question is what the crucial experiment demonstrated. For 

example, after the experiment, are we entitled to claim that Huygens’ theory is true 

regarding what it says about the nature of light while Newton’s corpuscular theory 

is false? Duhem says that we are not entitled to say that Huygens’s theory of light 

is true. According to him; 
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[P]hysicist can never subject an isolated hypothesis to experimental 
test, but only a whole group of hypotheses; when the experiment is in 
disagreement with his predictions, what he learns is that at least one of 
the hypotheses constituting this group is unacceptable and ought to be 
modified; but the experiment does not designate which one should be 
changed (Duhem 1906: 187).  
 

For example, Newton’s theory (T) is composed of three laws of motions (T₁ & T₂ 

& T₃) and the law of gravitation (T₄). In order to derive observable consequences, 

we need to add auxiliary assumptions A to T such as that “no other forces but 

gravitational ones act on the planets, …., that the mass of the sun is very much 

greater than that of the planets and so on (Gillies 1993: 99). Then Newton’s theory 

is; T = T₁ & T₂ & T₃ & T₄ & A. If T is false, we know that at least one of the 

elements (T₁, T₂, T₃, T₄, A) is false. But, the experiment does not show us which 

one is to blame. In this respect, one of the auxiliary hypotheses may be wrong and 

theory may survive after a revision of the auxiliary hypothesis. This was actually 

what happened in the case of the discovery of the planet Neptune.  

 

The discovery of Neptune was the consequence of a mismatch between the 

observed orbit of the planet Uranus and the mathematical orbit of Uranus. The 

mismatch maybe taken to indicate that there was something wrong about 

Newton’s theory. Two scientists, Adam and Leverrier, assumed independent of 

each other that one of the auxiliary hypotheses of Newton’s theory was wrong. 

They changed an auxiliary hypothesis (A), concerning the number of the planets, 

instead of considering that at least one of (T₁, T₂, T₃, T₄) was wrong. They 

postulated a new planet named Neptune beyond Uranus, having the mass and 
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position enough to cause the observed perturbations. The result was that “Neptune 

was duly observed on 23 September 1846 only 52’ away from the predicted 

position” (Gillies 1993: 99). 

 

In light of the discussion above, Duhem says that “how mistaken we should be to 

attribute to Foucault’s experiment so simple a meaning and so decisive an 

importance…” (1906: 189). It seems possible to change one of the auxiliary 

hypotheses of Newton’s corpuscular theory of light after which the theory may 

survive. Then, Foucault’s experiment is not a crucial experiment because the 

experiment tests two different entire systems, not an isolated hypothesis. 

Moreover, Duhem says that crucial experiment is not possible in physics (1906: 

189). After his warnings about crucial experiments in physics, Duhem makes his 

claim bolder and says; 

[E]xperimental contradiction does not have the power to transform a 
physical hypothesis into an indisputable truth; in order to confer this 
power on it, it would be necessary to enumerate completely the 
various hypotheses which may cover a determinate group of 
phenomena; but the physicist is never sure he has exhausted all the 
imaginable assumptions (Duhem 1906: 190).  

 

Ladyman (2002) differentiates what he calls “weak underdetermination” and 

“strong underdetermination”. Thus far we have examined the problems of “weak 

underdetermination” until Duhem’s rather bold claim. Weak UD arises when there 

are two empirically equivalent theories about the same observable phenomena. On 

the other hand, strong UD is a more inclusive argument. In the case of strong UD, 
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theories are not only underdetermined with respect to available evidence. They are 

also underdetermined in the face of future evidence.  It says that; 

(i) For every theory there exist an infinite number of strongly 
empirically equivalent but incompatible rival theories. 
(ii) If two theories are strongly empirically equivalent then they are 
evidentially equivalent. 
(iii) No evidence can ever support a unique theory more than its 
strongly empirically equivalent rivals, and theory-choice is therefore 
radically underdetermined. (Ladyman 2002: 174).  
 

In fact, Duhem puts forward what strong underdetermination is by saying that “but 

the physicist is never sure he has exhausted all the imaginable assumptions” 

(Duhem 1906: 190). He asks “[s]hall we ever dare to assert that no other 

hypothesis is imaginable? Light may be a swarm of projectiles, or it may be a 

vibratory motion …; is it forbidden to be anything else at all?”  (1906: 190).  

 

Although Duhem restricts his claims to physics, Quine says that our entire “web of 

belief” is suspect to change in the case of an experimental test (Quine 1953). 

Sensory experiences form the periphery of our web of belief of which core is logic 

and mathematics. In this respect, Quine extends Duhem’s thesis so that logic and 

mathematics can be included. Then, we can change Duhem’s claim about 

subjecting a whole group of hypotheses to the claim that physicist subjects our 

whole web of belief including logic and mathematics to experimental test. In this 

respect, Quine says that “any statement can be held true come what may, if we 

make drastic enough adjustments elsewhere in the system”22 (Quine 1953: 43).  

                                                            
22 Although it is far beyond the scope of this paper, it seems appropriate to mention an example 
of what Quine says in the history of science. In the case of general relativity, evidence that 
supports general relativity may be taken to falsify Euclidean geometry. The reason is that, 



52 
 

At this point, we need to remember that scientific realism is a position to account 

for the empirical success of science. Weak UD questions the ground on which 

theory choice is made when there are two empirically equivalent theories. In the 

case of weak UD, it seems possible to adopt a weaker sense of crucial experiment 

(Gillies 1993: 101). Theory choice may be carried out between two theories T and 

T' based on their empirical predictions through a crucial experiment23. On the 

other hand this does not make preferred theory T an indubitable truth. There may 

be another yet unthought-of an empirically equivalent theory, which makes theory 

choice radically undermined. Moreover, theory T' may be held to be true by 

making drastic changes elsewhere in the system, including arithmetic and logic. 

Then, we do not have any procedure to transform a theory into an indisputable 

truth through a crucial experiment. That being said, strong UD stand still. 

 

5.3.1 Strong UD, Unified Mind and Localization 

Uttal says that what are measured in the experiments are the properties of the 

unified mind (2001: 136). On the other hand, localizationists think that what are 

measured in the experiments are constituents of the mind. As we mentioned, 

                                                                                                                                                             
general relativity represents space (and time) in terms of Riemannian geometry, which is a 
non-Euclidean geometry. The difference between Riemannian geometry and Euclidean 
geometry is that in Riemannian geometry space is represented as curved rather than flat. 
 
23 Moreover, realist philosophers introduce what is called superempirical virtues such as 
simplicity, explanatory power, (novel) predictive power on which “scientists use to solve local 
underdetermination problems" (Ladyman 2002: 182). On the other hand, van Fraassen says 
that superempirical virtues are not epistemic virtues but pragmatic virtues. Pragmatic virtues 
do not provide us any compelling reason “for thinking that a theory is true” (van Fraassen 
1980: 4). Moreover, there is no consensus to rank these superempirical virtues when they 
imply different directions in theory choice. 
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properties together do not constitute the mind. However, localizationists are after 

separable processes which constitute the mind. When Uttal says that experiments 

show the properties of the mind, he does not seem to speak about the experiments 

performed until today. He seems to include future experiments as well. In this 

respect, it seems that the idea of unified mind and the idea of localization are 

strongly underdetermined. 

 

Let’s suppose that M is what is and what will be measured in experiments. U is the 

idea of unified mind which says that M is a property of the mind. L is the idea of 

localization which says that M is a constituent of the mind. The unified mind 

theory is composed of M&U. On the other hand, the localization theory is 

composed of M&L. In this respect, theory choice is underdetermined not only 

with the available evidence but in the future evidence also does not provide 

grounds for theory choice between localization and unified mind. Then, whether 

mind is a decomposable entity or a unified entity is not clear. There is no reason to 

choose one of the hypotheses over another. What is and what will be measured in 

the experiments may be properties of the mind or may be constituents of the mind.  

 

Although Uttal suggests us to give up theorizing about brain functions, the parts of 

the discussion agree that “there are no ‘killer arguments’ that can absolutely 

resolve the differences of opinion” (Uttal 2002: 272). It seems that there will never 

be a killer argument between the idea of unified mind and the idea of localization 

because they are strongly underdetermined if what I said above is true.  
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5.3.2 Weak UD, CN and MN 

As we have seen, Uttal says that “an infinite number of behaviorally 

indiscriminable alternative inferences and potential mechanisms are possible, 

many, perhaps even most, of which are plausible” (2001: 92). Then, it is not 

reasonable to consider a theory seriously. This statement of Uttal resembles one 

aspect of the UD which questions theory choice. The UD asks that what happens if 

there are two or more empirically equivalent theories about the same observable 

phenomenon. It seems that CN and MN are subject to the weak UD because they 

employ different mechanisms in their localizations with respect to the, for 

example, memory consolidation. 

 

CN and MN both accept the assumption of localization of high-level cognitive 

processes into brain although they differ in their views as to where the 

localizations should be done. While MN suggests that localization should be done 

to molecular pathways within a neuron, CN points out neural pathways. In the case 

of memory consolidation that we examined, CN refers to hippocampus and neural 

networks it belongs to explain memory consolidation. On the other hand, MN 

refers to molecular mechanisms within a neuron in its explanation of memory 

consolidation. 

 

As it is stated above in the discussion of underdetermination, it seems possible to 

adopt a weaker sense of crucial experiment to choose between CN and MN. 

Although it would not turn preferred theory into an indubitable truth, it may 
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provide an answer as to which theory to be chosen based on their predictions. 

Since MN and CN refer to different brain mechanisms in their accounts of 

memory consolidation, it seems that they would produce different taxonomies 

regarding high-level cognitive processes. The reason is that they are both 

reductionists. While CN refers to neural networks in theorizing about cognitive 

processes, MN regards upper levels, above molecular mechanisms, as heuristic 

studies and takes into consideration only molecular mechanisms. In this respect, 

CN may develop a model of memory consolidation in a way that resembles the 

neural networks CN refers in its explanation of memory consolidation. In the same 

way MN may develop a model of memory consolidation that resembles molecular 

mechanisms. This point is put forward as that; 

LTP is conceptually a single process; but, […], there are numerous 
forms of memory. Therefore, either LTP can only model one of these 
forms of memory, or the well-established distinctions among memory 
systems will turn out to be mistaken, and memory will be discovered 
to be a fundamentally unitary process. Both of these are genuine 
scientific possibilities, but there is currently no evidence for either of 
them (Stoljar & Gold 1998: 129). 
 

It seems that one can argue against Stoljar and Gold by saying that memory 

consolidation has been reduced to LTP, not memory systems. On the other hand 

this claim of Stoljar and Gold seems as a premonition of different taxonomies, 

more likely to be produced by CN and MN in the future. If this would be the case, 

different taxonomies of CN and MN may provide us to choose between them 

because they would also differ with respect to their predictions of behavioral 

outcomes of, for example, memory consolidation. 
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In order to explicate how MN would like to produce mental taxonomies, different 

from CN's, we need to look at molecular studies of high-level cognitive processes.  

For example, studies at molecular basis make a correlation between short term 

memory and E-LTP, and a correlation between long term memory and L-LTP, 

because of the same time intervals. For example Bailey and Kandel assert that; 

This temporal distinction in behavior [memory] is reflected in specific 
forms of synaptic plasticity that underlie each form of behavioral 
memory, as well as specific molecular requirements for each of these 
two forms of synaptic plasticity. In each case, the short-term form 
involves the covalent modifications of preexisting proteins mediated 
in part by cAMP and cAMP-dependent protein kinase (PKA) and is 
expressed as an alteration in the effectiveness of preexisting 
connections. In contrast, long-term forms require PKA, MAPK, and 
CREB-mediated gene expression, new mRNA and protein synthesis, 
and are often associated with the growth of new synaptic connections. 
…, the synaptic growth is thought to represent the final and self-
sustaining change that stabilizes the long-term processes (2004: 647). 

Bickle also suggests that memory consolidation starts with the increased amount 

of catalytic PKA subunits in L-LTP which ends up with a new protein synthesis. 

At the end, memory consolidation happens. Like Bailey and Kendel, he also points 

out the resemblance between durations of what we call short term memory and E-

LTP, and durations of long term memory and L-LTP. He further identifies short 

term memory with E-LTP and long term memory with L-LTP (Bickle 2003: 75). 

 

In the same way, Rosenberg, by pointing out the same role of PKA and cAMP-

mediated transcription in implicit and explicit memory, suggests that “it is 

reasonable to consider whether long-term explicit memory storage differs only in 

degree from long-term implicit memory” (Rosenberg 2009: 150). This may be 

seen as a suggestion that implicit and explicit memory may be a single process 
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based on the similarity of the molecular mechanisms. Rosenberg says that L-LTP 

requires NMDA receptors which are to be found in the sensory-motor cortex 

where implicit memory happens24 (2009: 149).  

 

I think, above-mentioned considerations have the potential to produce mental 

taxonomies of MN. Moreover, these attempts of MN are criticized by philosophers 

and neuroscientists who espouse CN. For example, Bechtel who espouses CN 

criticizes attempts of localizations of high-level cognitive processes to the 

molecular level. He suggests, by referring to Edmund Roll’s model of memory 

consolidation;  

The Hebbian learning that Rolls assumes in his model requires a 
mechanism such as the enhanced protein synthesis initiated by CREB, 
but the overall model captures features of memory consolidation not 
explained at the molecular level (Bechtel 2009: 24).  
 

Bechtel and Abrahamsen (2008) and Bechtel (2009) say that LTP should be 

explained with CA areas and the pathways between them rather than the molecular 

mechanisms. In this respect, it seems that CN has the potential to produce its own 

mental taxonomies which will be different from MN. 

 

In conclusion, it seems possible to decide between MN and CN based on a crucial 

experiment after these ideas rise to maturity. This, in turn, may provide us a 

ground to solve the problem of weak underdetermination between CN and MN. 

On the other hand, we need to remember that “experimental contradiction does not 

                                                            
24 This may also be taken as a suggestion to the fact taht there may be no difference between 
what we call as high-level cognitive processes and sensory-motor processes. 
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have the power to transform a physical hypothesis into an indisputable truth” 

(Duhem 1906: 190).    

 

In the following, I will discuss what pessimistic meta-induction is and its 

resemblance to Uttal’s one of the arguments regarding the premier difficulty of 

forming mental taxonomy, which is the claim of not being a continuity of mental 

taxonomies throughout generations.  

 

5.4 Pessimistic Meta-Induction 

As we stated above, “[t]he positive argument for realism is that it is the only 

philosophy that does not make the success of science a miracle” (Putnam 1975: 

73). The reason is that scientific realism regards theoretical statements as 

approximately true. This means that theories are able to make (novel) predictions 

because theoretical entities refer to unobservable entities in the universe. In other 

words theories genuinely refer to unobservable entities. In this respect, there is an 

explanatory connection between theory’s being true and empirical success on the 

one hand, and scientific realism on the other.  

 

Laudan, in his article A Confutation of Convergent Realism, examines the 

relationship between genuine reference and empirical success in light of the 

history of science. He says that “a realist would never want to say that a theory 

was approximately true if its central theoretical terms failed to refer” (Laudan 

1981: 33). No matter how well predictions an atomic theory makes or no matter 
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how well predictions a genetic theory makes, if their theoretical entities do not 

genuinely refer, a realist would never accept these theories asapproximately true 

(Laudan 1981: 33).  

 

Laudan, first, enumerates some theories from the history of science of which 

theoretical entities are considered today as referring to things in the universe. 

However these theories were unsuccessful at the empirical level (1981: 24). For 

example he says that “chemical atomic theory in the 18th century was so 

remarkably unsuccessful that most chemists abandoned it in favor of a more 

phenomenological, elective affinity chemistry” (1981: 24). His conclusion is that 

there is no relation between theories’ being genuinely referential and being 

empirically successful.  

 

Secondly and most importantly, Laudan enumerates empirically successful but not 

referential theories from the history of science. These theories are;  

-the crystalline spheres of ancient and medieval astronomy; 
-the humoral theory of medicine; 
-the effluvia theory of static electricity; 
-'catastrophist' geology, with its commitment to a universal (Noachian) deluge; 
-the phlogiston theory of chemistry; 
-the caloric theory of heat; 
-the vibratory theory of heat; 
-the vital force theories of physiology; 
-the electromagnetic aether; 
-the optical aether; 
-the theory of circular inertia; 
-theories of spontaneous generation (Laudan 1981: 33). 
 
His aim again is to show that there is no connection between theories’ being 

genuinely referential and theories’ being empirically successful. There are theories 
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in the history of science which were accepted once as empirically successful. On 

the other hand, we now regard these theories as non-referring with respect to their 

theoretical entities. It seems that a false theory may be empirically successful. In 

fact, history of science is full of empirically successful theories which are 

considered now as false. 

 

 In light of the considerations above, one may say that our current scientific 

theories are on a par with the old theories. By making a meta-induction from the 

history of science, Laudan asserts that “our best theories are no more referential 

than was ‘natural place’, ‘phlogiston’, ‘aether’, or ‘caloric’ (1981: 42). This is 

called as pessimistic meta-induction (PMI). In this respect, as theories change, 

ontological claims about the universe change. Then there is no reason to believe 

that current theories tell us something about what is beyond the experience. That 

being said, theoretical entities such as electron, gene, do not refer to anything at all 

as the term unicorn do not refer to anything. This is the consequence of the PMI. 

 

5.4.1 The PMI, CN and MN 

In the discussion of mental taxonomy current theories use, Uttal says that “the 

components suggested in one generation are largely forgotten in the next” (2001: 

145). Taxonomies change throughout the generations. Uttal’s claim resembles the 

PMI. The PMI indicates that scientific theories that had been especially 

predicatively successful were given up. It also claims that our current theories are 

on a par with the old theories. In this respect, the resemblance of what Uttal says to 
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the PMI arises from the fact that we do not have any mental taxonomy that 

survives throughout generations. Then there is no reason to believe that current 

taxonomies of MN and CN will be permanent.  

 

In the case of MN or CN, it is strongly possible that something, a protein or a new 

pathway, entirely new will be reported that is active in, for example, memory 

consolidation because science is an ongoing activity. Thus, there may be some 

changes in the account of the phenomenon. However, we need to differentiate 

between CN and MN as to when there would be changes in their account.  

 

Since MN regards studies of upper levels such as neuronal pathways as heuristic 

studies, a new report about a new pathway does not seem to affect MN in a very 

challenging way. A new pathway may suggest that studies of MN are conducted in 

a wrong place because heuristic studies do not point out that place. For example, 

let’s suppose that molecular studies are conducted at a brain region X to 

investigate Z. If we find out that damage to X do not cause any deterioration in Z, 

it is possible to say that X is irrelevant to the study Z. This means that study 

should be channeled to a different brain region25. On the other hand, a new report 

about a protein may challenge to the localization of, for example, memory 

consolidation to the molecular pathways in a much more incisive way. The reason 

                                                            
25 At this point, we need to remember that brain is a complex entity. A brain damage to X does 
not demonstrate necessarily that X is irrelevant to Z. It may be that X and Y are responsible for 
Z while the absence of X may be tolerated. 



62 
 

is that the new report about, say, a protein would introduce a new player to the 

account. In this respect, this would lead some changes in the account.  

 

There is also another and the most prominent challenge that must be emphasized 

concerning the localizations MN favors. As it is stated above, according to MN, 

molecular pathways constitute a temporary station and when we can track 

behavior biophysically, we seem to regard molecular studies as heuristic studies. 

This, I think, is to say that we are not at the position to form a mental taxonomy 

based on molecular studies, which represents mental life respectfully. The reason 

is that molecular pathways are not the last stop to localize mental functions. In this 

respect, any account of high-level cognitive processes based on molecular studies 

seems to be not so much productive to understand mental life.  

 

In the case of CN, it does not regard molecular studies as heuristic studies. CN 

says that molecular studies are not the right place to study mental functions. They 

are the place to understand a single neuron. In other words, molecular mechanisms 

constitute parts of the part (neuron). In the same way, neuron is a part of neuronal 

population with which a phenomenon, memory consolidation, is explained. In this 

respect, it is possible that a new protein in the account may change some points. 

However, one may object that a new protein would not do much harm since the 

account of, for example, memory consolidation refers to gross anatomy, not 

molecular levels. It does not do much harm because individual neurons and intra-

neuronal activities are explained by molecules. On the other hand, there is a 
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possibility that a newly found protein may change our understanding of neuronal 

behavior in a novel way that everything said about the brain mechanisms CN 

refers may change.  

 

It seems that the PMI is a problem to current taxonomies of CN and MN because it 

is a possibility that a change at the current taxonomies may happen. Moreover, I 

examined in some detail of the possibility of future taxonomies of CN and MN by 

which we may differentiate them via a crucial experiment. This possibility of 

different taxonomies also constitutes an evidence for future change of the current 

taxonomies of MN and CN. Since the PMI suggests that a new theory is on a par 

with the old ones, it would be possible to claim that newer theory is not a true 

account of the phenomenon.  

 

Moreover, the PMI causes the problem of whether high-level cognitive processes 

are constituents or properties of the mind in this discussion. As it is mentioned 

above, Uttal proposes the UD and the PMI as premier difficulty of forming mental 

taxonomy. It may be said that, as Uttal suggests, it is not possible to theorize about 

brain functions because of the difficulty of these problems. He suggests us to give 

up theorizing about high-level cognitive processes as constituents of the mind 

(2001: 136). In this respect, Uttal’s position seems to be immune to the PMI since 

he does not propose any brain functions as constituents of the mind.   
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CHAPTER VI 
 

Conclusion 

 

In this chapter, I have tried to summarize previous chapters of this thesis which 

examines cortical localization of high-level cognitive processes. 

 

My aim in this thesis is to evaluate current attempts of localization of high-level 

cognitive processes into the cortex. However, this also led me to wonder when 

cortex was regarded as the place of these processes. 

 

After giving an account as to what developments led people consider the cortex as 

the correct locus of high-level cognitive processes in chapter 2, I presented 

memory consolidation with its history, an example of cortical localization of high-

level cognitive processes, to compare current attempts of localization which are 

cognitive neuroscience and molecular neuroscience as to how they differ in their 

localizations.  

 

As for the developments which led people to consider cortex as the place of mental 

functions, the most important developments were the localizations of sensory-

motor functions to specific areas in the 19th century. For example Legallois (1770-

1840) localized respiration to the medulla oblongata in 1806. Another example is 

the localization of sensory functions to the dorsal root of the spinal cord and the 

localization of motor functions to the ventral roots of the spinal cord. These 
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concrete localizations raised the question as to whether it is possible to localize 

high-level cognitive processes into the brain. If it is possible, what to localize 

where would constitute an important part of the discussions of the localizations of 

high-level cognitive processes as Gall emphasized.  

 

Cognitive neuroscience and molecular neuroscience are the two scientific 

activities that localize high-level cognitive processes into the brain although they 

differ in their localizations. Cognitive neuroscience and molecular neuroscience 

localize high-level cognitive processes into the cortex. While cognitive 

neuroscience localizes high-level cognitive processes to gross anatomical 

structures, molecular neuroscience localizes these processes to the molecular 

mechanisms. In this respect, they are both subject to Uttal’s criticisms of premier 

difficulty which resembles the problems highly discussed in scientific realism 

debate. These problems are pessimistic meta-induction and underdetermination.  

 

Thus, I have tried to summarize scientific realism debate and the objections, 

pessimistic meta-induction and underdetermination, with respect to our discussion 

of cognitive neuroscience and molecular neuroscience. 

 

At the end, I have suggested that cognitive neuroscience and molecular 

neuroscience are both subjected to underdetermination and pessimistic meta-

induction. As for the underdetermination, I have suggested that cognitive 

neuroscience and molecular neuroscience are weakly underdetermined. However, 
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Uttal’s proposition that mind is a unified entity and the current paradigm of brain 

studies that mind is a decomposable entity are strongly underdetermined. As for 

the pessimistic meta-induction, cognitive neuroscience and molecular 

neuroscience are both subjected to it which is not the case for Uttal because he 

suggests us to give up theorizing about brain functions.  

 

For future studies, it seems necessary to add when part to the discussions of the 

localization of high-level cognitive processes apart from the what and where parts. 

The reason is that neuronal firings differ in time with respect to the activities. For 

example, a neuronal population X fires at time t for an activity of A. However, X 

may fire at time t₂ for an activity of B. In this respect, it is important to discuss 

what, where and when part together to understand high-level cognitive processes. 
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              Fig. 1. (Finger 1994: 19) 

                  Fig. 2. (Finger 1994: 19) 
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                Fig. 3. (Finger 1994: 20) 

                            Fig. 4. (Finger 1994: 20) 
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Fig. 5. Schematic illustration of the ventricles 
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Fig. 6. A Taxonomy of mammalian long-term memory systems. The taxonomy lists 
the brian structures thought to be especially important for each form of declerative 
and nondeclerative memory. In addition to its central role in emotional learning, the 
amygdala is able to modulate the strength of both declerative and nondeclerative 
memory (Square 2004: 173). 
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 (Bechtel 2009: 23) 
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