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Biological Psychology: A Brief History


….the science was everything from crude, shallow, puerile, dull, dogmatic, absurd, foolish, and extravagant to a scientific farce and the most frontless piece of charlatanry that the age had produced, while the "cunning craniologers" who were beginning to roam the country were seen as quacks, empirics, manipulating impostors, and itinerant mountebanks to be looked upon "as rather knaves than fools."

tc  \l 1 "Phrenology's Modern Ghost
# "Phrenology's Modern Ghosts

The quotation above refers to phrenology, long regarded a pseudoscientific fraud, begun by Franz Josef Gall, an eminent and well-meaning Viennese physician,
 who gathered masses of data relating "mental and moral" attributes to the shape of people's heads.  He proposed 26 faculties, or "personality organs," each complete and located in specific sites in the brain.  If we have a lot of a trait, such as facility with language, the brain will be highly developed in the corresponding area and 
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will cause the skull to bulge at that point.  The phrenologist
 could then ana​lyze personality by examining the surface of the skull.  Organ number two is Philoprogenitiveness, love of children, and is located at the back of the head, since Gall believed this area to be prominent in women and in apes, both of whom supposedly love children more than do men.  Organ number 22 is Individuality, located immediately above the nose, since that is what seemed large in the face of Michelangelo and small in Scottish people!  It may seem that phrenology is ridiculed today, but if you attend to newspapers and television you will see that the general point of view remains popular - we still appear to believe in mental motives and powers (faculties) that are localized in spe​cific brain areas. Sometimes they are conceived of as existing in their entirety in some location - perhaps as "memory units" in the  cerebral cortex.  "Didn't someone, Penfield, I think, revive memories by stimulating the cortex of patients?" we think. Scien​tists discover pleasure centers in the brain headlined a Montreal newspaper in the 1950s and variations on that announcement have appeared frequently in newspapers and magazines since.  


You may have also heard of "aggression centers" in the brain.  As recently as the late 1960s and the 1970s many people were operated upon by surgeons who believed that there were such cen​ters.  We hear also that there are "feeding and drinking centers" in the brain and every decade at least two or three "satiety hormones" are reported, each hoped to be the chemical that will turn off our hunger and make us slim. Sometimes it is the "arous​al" center that makes the news or dopamine that causes "awaken​ings" of Parkinsonism patients.
  In countless cases the spirit of phrenology lives on in the localization of faculties in discrete brain structures or in the amazing effects of a new hormone.  The same applies to the fruits of so-called "split brain" research.


Richard Gregory noted that laterality theories, which posit language functions in the left cerebral hemisphere and spatial apprehension in the right, tell an old tale:

One might say that the current interest in 'cere​bral dominance,' with the left hemisphere of the cortex supposedly 'analytic' (responsible for skills such as arithmetic and logical thinking) and the right hemisphere 'synthetic' or 'analogue' (responsible for intuitive and artistic skills), is the dying kick of phrenology.


In fact, if we add up all of the claims for "centers" of one kind or another in the brain, we could list most of the motives and powers proposed by the phrenologists.  Ross Buck listed almost a dozen separate functions that have been attributed to one brain structure, and it isn't even in the cerebral neocortex.
  Does that support phrenology?  

tc  \l 1 "Localization of Function\: Finding the Right Names for Functions # "Localization of Function: Finding the Right Names for Functions   


Let us examine the evidence and briefly look at the history of research in this area.  We will find that specific parts of the brain do serve specific functions, as it seems they must, but it will also be clear that these functions are often hard to name.  That is, when we list functions like attention, memory, learning, arousal, hunger, aggression, and the like, our list seems not to correspond to the functions built in by the architect of the nervous system.  Happily, recent research seeking the classic "centers" of the phrenologists has brought a new understanding of the characteristics of the nervous system.  This allows a revision of the list of centers, thus advancing our knowledge of psycholo​gy, as well as of neuroanatomy and physiology.


The biology of the nineteenth century was a mixture of three main views - vitalism, materialism, and phrenology, the popular "science" of the day.  The vitalists, such as Johannes Müller, followed Aristotle in distinguishing the organic and inorganic as different in kind, a view opposed by Helmholtz and his materialist fellows, who argued that living things are dependent on ordinary physical/chemical processes, just like the rest of nature.  Phre​nology appealed to the conception of mind and brain that the public could understood and endorse.  They expanded on the ancient doctrine of faculties, already popular in Britain by the early 18th century,
 and tied it to hypothetical brain localization. 

tc  \l 1 "The Nineteenth Century
# "
The Nineteenth Century
tc  \l 1 "Phrenology                 
# "Phrenology
 

Far from being regarded as a wholly credible science earlier in the nineteenth century, phre​nology from the commencement of its career in Britain was often seen as pseudoscientific and pseudophilosophical.

Before 1820 phrenology was regarded with disdain in the Edinburgh Medical and Surgical Journal, London Medical Repository, British Critic, Monthly Critical Gazette, Critical Journal, Literary Journal, theMonthly, Quarterly, Augustan, Eclec​tic, and Edinburgh reviews, the Gentleman's, New Monthly, Literary Gazette, and Blackwood's maga​zines, to mention only the most widely circulated.  

Questions to be Answered in this Section

1. What is phrenology and what work was done by Franz Josef Gall?

2. What is the similarity between phrenology and Methodism?  What did Harriet Martineau have to say about it?

3. How did Spurzheim and Combe popularize phrenology?

4. How did Spurzheim disagree with Reid?

5. What is attention according to Spurzheim?

6. What are the faculties proposed by Spurzheim?  How are pleasure and pain secondary?  What does Helvetius have to do with faculties?

7. What does Spurzheim think of innate ideas?  What is a “genius”?

8. How did Flourens reject the ideas of localization of functions?  What was his pigeon experiment?


Franz Josef Gall's
 original purposes were laudable - he criticized the cavalier definitions of mental powers, or "facul​ties," then in fashion, particularly in France.  Rather than the crude references to "memory" and "discrimination" by Condillac,
 Gall proposed to survey populations with known defects or excel​lences of what could be faculties and to examine their brains (indirectly) for differences.  For example, he examined the skulls of hundreds of thieves, seeking the locus of the propensity to steal.



Gall described the method he used to collect data:

I assembled a number of persons at my house, drawn from the lowest classes and engaged in various occupations, such as fiacre driver, street porter, and so on.  I gained their confidence and induced them to speak frankly by giving them money and having wine and beer distributed to them.  When I saw that they were favorably disposed, I urged them to tell me everything they knew about one another, both their good and their bad qualities, and I carefully examined their heads.  This was the origin of the craniological chart which was seized upon so avidly by the public...
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An ever-credulous (or cynical) popular press and a gullible and ignorant public were ready to believe that the mind was a group of faculties
 and that a raised portion of the skull meant that the brain was larger than normal at that location and that whatever faculty was housed there was excessively developed.  And why not?  Gall's data were extensive and they were good. People did seem to differ in their "faculties" of memory, self preserva​tion, love of children, combativeness, and so on, and the relation of these traits to features of the skull surface seemed convinc​ing.
  Gall was no charleton - he proposed a list of twenty-six faculties and felt that his model of the brain was better than that of Condillac, whose faculties were those of folk psychology.

· tc  \l 1 "Spurzheim and Later Phrenology

# "Spurzheim and Later Phrenology    


Though it began seriously enough with Gall, his student, Johann Gaspar Spurzheim popularized phrenology
 and others spread its doctrines through England.  Phrenology was exceptionally popular in England and it was even compared to Methodism in its appeal.  Methodism still carried some of Calvin's doctrines, such as the concept of the body of the elect, those chosen by God and foreordained for salvation.  
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The similarity of Methodism and phrenology lay in the prac​tice of pointing to one's works and wealth as evidence that one was a member of the elect - this led to much of the entrepreneur​ship that constituted the "Protestant Ethic."
  Similarly, evi​dence for one's election could be gotten by brushing the hair aside and examining the head.  Surely, the elect would be identi​fiable by the favorable distribution of faculties revealed by the phrenologist!  Harriet Martineau remarked on why "ignorant per​sons" were so taken with phrenology:
 

they learned that their bodies were a part of the universe, made of substances and governed by laws which it is man's duty to obey.  It was a new view to them that by knowledge and self-management, men have their health, and the development of their minds in their own hands.  They had before thought of themselves as being outside of the world, as it were, - apart from the rest of creation, - each individual being a single existence, incomprehen​sible in nature and qualities, and in no way concerned with natural law.
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Before phrenology, the new "science" that told us that we each had forty (or so) faculties and that we can develop them or not, the mind was a mystery.  But phrenology was the "delight of the half-educated and half-witted...they knew that when the guinea stamp of rank was replaced by been transformed to a popular religion through the efforts of Spurzheim and of the Scotsman, George Combe.  Combe's The Consti​tution of Man
 was on most bookshelves and readers saw its doc​trines as an escape from the tyranny of the nobility and its henchman, the church.  Phrenology was the equalizer, as Charles Thorold Wood lectured in 1838:



(the Queen) does not possess a single faculty more than any of those I am now addressing.  The mon​arch has three lobes - the animal, the moral, and the intellectual - so have you; the monarch has the forty mental faculties of the human mind, so have you: the monarch has not turned these to any good account, but many of you have...and yet the monarch is to be equal to you and all the nation beside!  Oh! shame, shame, that this wretched degradation should have been submitted to by Englishmen in the Nineteenth century.

· tc  \l 1 "Spurzheim's Rendition of Gall
# "Spurzheim's Rendition of Gall   


Johann Gaspar Spurzheim published Philosophical Principles of Phrenology
 in 1835 and, in Volume II of that work, presented a very concise and penetrating summary of philosophy, from the Milesians and Eleatics to his time.  His descriptions were sur​prisingly accurate, given that the great historians of philosophy, Diehls and Zeller, for example, had not yet done their work.  He wrote of the Milesian material monists:
 

The Ionic school investigated particularly the origin and nature of things, considered the exter​nal objects much more than the nature of man...

No distinction was made between thoughts and objects thought of.


Throughout his summary of the history of philosophy, Spur​zheim referred to Thomas Reid, often cited as the philosophical predecessor of the faculty psychology of phrenology.  But Spur​zheim was critical of Reid on basic issues, including the inde​pendent status of consciousness.  Reid felt that consciousness was a "thing in itself," while Spurzheim saw it otherwise.

Consciousness, Perception, and Attention   


In Spurzheim's opinion, Reid was wrong and consciousness is not a special aspect or faculty of mind; rather, it is "an effect of the activity of one or several mental faculties."
  It exists in all of the operations of mind and is almost synonymous with mind, which cnnot be thought of without consciousness.  There are various kinds of consciousness and these are to be "specified by philosophy."



Perception was for Reid a very important faculty - it was the God-given assurance that a real world exists independent of us.  Spurzheim allows this for the intellectual faculties, adding that there are as many sorts of perceptions as there will turn out to be sorts of intellectual faculty.  Then, foreshadowing the opin​ions that Freud would make famous,
 Spurzheim speculated on the "perceptions" of the affective faculties - that is, hunger, fear, and the like.  He proposed that some faculties, such as these, exist only to procure "impressions that are perceived by other faculties."
  As he wrote:

The affective functions are blind and involuntary, and have no knowledge of the objects respectively suited to satisfy their activity; the nerves of hunger do not know aliments; nor circumspection, the object of fear...Even supposing that the affective powers had an obscure consciousness of their own existence, a point which, bye-the-bye, is not proved, it is still certain that the intel​lectual faculties alone procure clear conscious​ness.

Freud would later refer to "primary and secondary process" to make the same distinction.  The fact that Spurzheim felt similarly only shows that the distinction between unconscious motivation and conscious intellect that goes back at least to Plato was still commonly accepted in the early nineteenth century.


Attention was a voluntary act for Reid and a consequence of desire for Brown.
  Spurzheim wrote that "attention, in none of its acceptations, is a single faculty; for if it were, he who possesses it in a particular sense should be able to apply it universally.
  There is no single entity called attention - there is an infinitely large set of "attentions."
  One's customary diet - plants or flesh - determines attention to different objects, boys attend to "horses, whips, and drums," while "little girls prefer dolls, ribands..."
 One person may prefer philosophic discussion while another prefers witty conversation.  "Sheep never attend to philosophy or theology...”As the activation of a faculty, there are as many species of attention as faculties of the mind.  Believing he was following Kant, he proposed that perception is the passive knowledge of externals and attention the active form of knowing.


The assumption that there are as many "attentions" as there are faculties applies as well to memory and to will/desire.  Each is specific to a faculty, in Spurzheim's view, and hence there are as many memories and wills as there are faculties.  Effectively, this reduces will to "the last appetite before action," as Hobbes envisioned it.  Indeed, Spurzheim thought that "the exhibition of true will is very rare..."
 

· tc  \l 1 "The Faculties
# "The Faculties   


The actual faculties proposed by Spurzheim, after Gall, were as follows.
  The lack of activity of any of these faculties led to the opposite effects.  

ORDER I: Affective faculties or feelings  

Genus I - Feelings common to man and animals (total 13)

· Alimentiveness - organ that responds to impressions of hunger 

          and thirst; Disorder - gluttony, drunkenness

· Destructiveness - violent death of animals, to live on their

          flesh; Disorder - murder, cruelty

· Amativeness - physical love, propagation of species;

          Disorder - adultery, incest, etc.

· Philoprogenitiveness - preservation of offspring;

          Disorder - spoiling children, their loss as calamity 


· Inhabitiveness - instinct to dwell in specific localities;

          Disorder - nostalgia 


· Adhesiveness - attachment to all around us - friendship,

          marriage, society, habit; Disorder - grief when loss

· Combativeness - courage, defense; Disorder - quarrelsomeness,

          disputation, attack, anger

· Secretiveness - to conceal; Disorders - lying, hypocrisy

· Acquisitiveness - to acquire that necessary for life;

          Disorder - theft, usury, fraud

· Constructiveness - construction in general

· Cautiousness - to be cautious and circumspect; 

          Disorders - anxiety, fear, uncertainty, melancholy

· Self Esteem - to esteem oneself; Disorders - pride, disdain

· Love of Approbation - love of approbation and distinction;

          Disorders - Vainglory, vanity, ambition 

Genus II - Affective faculties proper to man

· Benevolence - benevolence in general; Disorders - 

   benevolence to the undeserving or at the expense of

               others

· Reverence - to respect what is venerable; 

          Disorders - idolatry, bigotry

· Firmness - firmness; Disorders - stubbornness, obstinacy

· Conscientiousness - justice and duty; 

          Disorders - unwarranted remorse

· Hope - hope; Disorders - love of scheming

· Marvellousness - Admiration of and belief in supernaturality;

          Disorders - sorcery, astrology, belif in demons

· Ideality - perfectionism; Disorders - eccentricity

· Mirthfulness - glee, mirth; Disorders - mockery, satire

· Imitation - imitation, artistic expression; 

          Disorders - buffoonery, grimaces

ORDER II - Intellectual faculties (14 & external senses)

Genus I - External senses, are vision, audition, olfaction, the 

skin senses, and gustation, as conventionally treated.

Genus II - Internal senses,
 or perceptive faculties, which pro​cure knowledge of external objects, their physical qualities, and various relations.


Individuality                     Order

     Configuration                     Calculation

     Size                              Eventuality

     Weight and resistance             Time

     Coloring                          Tune

     Locality                          Language

Genus III - Reflective faculties

     Comparison                        Causality

· Faculties as Fundamental   


Spurzheim was clear on the priority of faculties.  Earlier claims that the faculties were secondary, the product of educa​tion,
 cannot be true.  Spurzheim assumed that this "education" was due to pleasures and pains - trial and error learning.  But he opposed hedonist explanations.  There are as many wants as there are faculties and the degree of the wants reflects the activity of the faculties.  The pleasures attending the satisfaction of these wants are different - compare the pleasure of eating and of read​ing poetry.  It is pleasure and pain that are secondary, reflect​ing the activity of faculties.
 
By the same token, attention, understanding, and will cannot be the cause of our faculties - they reflect the activity of faculties.  Spurzheim was more than ready to accept the fact that education affects us mightily.  He points out that all one need do is consider how different were the Athenians and the Lacedaemoni​ans (Spartans), completely uderstandable as the effect of differ​ences in the constitutions governing the two cities.


But the effects of education are often exaggerated and, in Spurzheim's day, the chief example of this practice was Helvetius.
  Helvetius taught that foxes learn to hunt, birds learn to sing, and human faculties result from education.  But, Spurzheim asked,
  why is the progress of art and science so slow - all should improve steadily as the cumulative effect of instruc​tion.  Yet, is our art better than that of two thousand years ago?  Why do we acknowledge the births of geniuses?  Why does each of us have some faculties stronger than others? Education is not the whole story.


But Spurzheim also opposed the doctrine of innate ideas, whereby moral principles are innate and action predestined.
  That view "lost its authority by degrees, and it was easy to combat it, as it is not conformable to nature."
  The truth is neither ex​treme nativism nor extreme empiricism.  For Spurzheim, faculties are inherited powers and their activation may occur spontaneously, much like a "vacuum reaction:"


Moreover, the faculties of animals and men are active, without any necessity from external cir​cumstances.  The beaver, though shut up and pro​tected against the weather, builds its hut; and the weaver bird, though in a cage, makes its tissue.  It consequently follows, that external wants excite the activity of the internal facul​ties, but do not produce them; and in this respect their influence is important.  The faculties of the poor, for instance, are more active than those of the affluent; when the faculties, however, have not been given by nature, external wants cannot excite them.                                                                            

· tc  \l 1 "The Constancy of the Nature of Animals and Humans
# "The Constancy of the Nature of Animals and Humans   


Spurzheim knew that the teaching masters could not elevate the general level of humankind.  Evidence for this lies in the fact that animal species always retain fundamental behaviors - fowl raised by pigeons don't coo, ducks raised by chickens run for the water, and cuckoos don't sing like the parents that adopted them.  If external factors are so crucial, why are humans so similar?  And, since children spend most of their time with mother or nurse, why do "boys and girls, from earliest infancy, show the distinctive characters which continue to mark them through life."
 


Further, if education is the determinent, why are there geniuses?  That is, why do some few people seem vastly intelli​gent?  The answer must lie in what Nature provided them.  Spur​zheim even described animal geniuses, such as the dog who ran outside to bark, drawing the other dogs outside, only to rush in and take the best spot in front of the fire.  The other dogs were frequently deceived in this way, yet none ever imitated the prac​tice - the deceiving dog was a "genius."  M. Dupont de Nemours' cow could open the gate, but no other cows learned the trick.  In​stead, they waited impatiently at the gate for the genius cow to do it.  The argument for human genius and for examples of it need not be made, since we are all familiar with it.


In summary, Spurzheim believed that all faculties are innate but subject to modification of function, depending on circum​stances.  Second, faculties exist in different degrees, both within individuals and among people.  And nature has "stamped a difference upon the sexes; some faculties are more active in women, others in men.  Men will never feel like women, and women will never think like men."
 

tc  \l 1 "Scottish Philosophy and Phrenology\: The Actual Relation
# "Scottish Philosophy and Phrenology: The Actual Relation   


Though both were excellent scholars, Edwin Boring
 and William James
, along with countless derivative writers, clearly placed Reid's psychology with that of the phrenologists and with earlier faculty psychologies, such as that of Christian Wolff.  This is extremely unfortunate, since it lumped a number of very different views and it treats the composite as if it were best represented by its most criticizable member.  That member was Spurzheim and his relatively crude and sensational rendition of phrenology, meant only for popular audiences, filled with listeners who would otherwise be reading tabloids.  


Reid used his list of powers much as would later writers, who divided the subject matter into chapters with titles like "Memory," "imagination," "concept formation," and so on.
e

In fact, Franz Joseph Gall,
 who founded what was to become "phre​nology," called his subject "Schadellehre," or "craniology," the study of the surface of the skull and the attempt to relate depres​sions and elevations to various traits.  Gall was a thoughtful man, an excellent anatomist, and a careful collector of data - he was not a cynical propagandist.  His list included four types of memory: verbal, for persons, local, and for language.  There was no faculty of attention and no association of ideas.  Hence, Gall's was not a list of commonsense faculties.  It is unlikely that Gall was even aware of Reid and his faculties are not a match for Reid's.

tc  \l 1 "George Combe and the Optimism Regarding Phrenology
# "George Combe and the Optimism Regarding Phrenology   


George Combe
 was the Scottish moral philosopher who spread the glad tidings of phrenology to England and America.  By 1832 there were twenty-nine phrenological societies in Britain and a host of journals, including the Phrenological Journal, edited by Combe from Edinburgh from 1823 to 1847.  In his The Constitution of Man Considered in Relation to External Objects
 he concluded by ennumerating the virtues of phrenology and the ancient problems that it would solve.  
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Phrenology, according to Combe, accomplished for the moral sciences (psychology) what Galileo and Newton had accomplished for astronomy:
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Before the appearance of Drs. Gall and Spurzheim, mankind were practically acquainted with the feelings and intellectual operations of their own minds; and anatomists knew the appearances of the brain: But the science of Mind was very much in the same state as that of the heavenly bodies prior to Galileo and Newton.

  Combe then argued that phrenology had settled the matter of the "number of elementary feelings and intellectual powers," shown how primitive faculties differ in strength, how different feelings are merely different modes of action of the same faculty, and how the size of different parts of the brain is related to the strength of different faculties.


With the knowledge brought by phrenology, many practical problems can be dealt with effectively and many errors of the past could have been avoided.  For example, had Napoleon known that justice existed as a fundamental quality of mind, he may not have relied on fear and self-interest in his dealings with other states and "Europe would have escaped prodigious calamities."
 
Criminal law cannot be effective if it ignores the fundamen​tal nature of humanity.  When heresy was punished by burning, the authorities blamed the crime on "Cautiousness, Self-Love, and other inferior feelings; but intellect, Veneration, Conscientious​ness, and Firmness, were omitted..."
 
Morality and correct action in general rest on the nature of humanity and that means the faculties that nature gives us.  Only when those faculties are properly understood will it be possible to "support morality by the powerful demonstration of interest, as here supposed, coinciding with it."
 
Before phrenology the nature of humanity and the institutions and manners of society reflect the opinions of the "influential classes at the time when they prevail."  The burning of witches showed, in Combe's opinion, the predominance of the faculties of Destructiveness and Wonder over Intellect and Benevolence.  War and other evils depend similarly on the dominance of some facul​ties over others.  This must change - "the mental condition of the people" must change before institutions and cultural practices change.
 Phrenology was a wonder and the knowledge of it was preached as the savior of humanity.  

tc  \l 1 "Flourens' Critique of Phrenology
# "Flourens' Critique of Phrenology
 


In the early 19th century Gall's lectures in Vienna stirred interest in localization of function in the cerebrum. But the claims made by he and Spurzheim for precise localization of com​plex cognitive functions was widely challenged.  A prominent critic was Pierre Flourens,
 who sweepingly rejected all ideas of localization.
  Flourens recognized only three major functional in regions - the cerebrum, the cerebellum, and the medulla.  Within those divisions, functioning was global.  For example, the func​tion of the cerebrum is sensory and that animals that survive their removal "lose perception, judgment, memory and will...there​fore the cerebral hemispheres are the sole site of perception and all intellectual abilities."
  But these abilities are not located in specific areas of the cerebrum.



In an experiment that became famous, he kept a pigeon alive after removal of the cerebral hemispheres.  A poor pet, the bird was blind and deaf and constantly appeared asleep, though it moved when poked.  In Flourens' opinion, the bird had lost its will and even the "faculty of dreaming."
  However, its pupils still reacted normally to light and it retained the sense of equilibri​um.  Some doubted that the pigeon was as mindless as Flourens believed, since their decerebrate birds could be startled by loud noises and they could avoid obstacles.
  If the medulla was sectioned, death came quickly and it was clear to Flourens that here lay the mechanisms for respiration and for life functions in general.  The cerebellum, the last major division of the brain, had motor functions, since he found that its removal caused loss of coordinated movement in birds and mammals.  It was the initiation and control of movement that was Flourens' main research interest for many years, so it is ironic that he was rendered paralyzed for a long period before his death.


During the 1820s the researchers who were carrying out such experiments were accused of "mutilating animals" by Gall.
  And the search for localization of function was not so easily stopped.  Indeed, Gall had placed the faculty of speech in the anterior lobes of the brain and in the 1860s, thirty years after his death, that opinion seemed to be vindicated. The tendency to seek and to find structure/function relationships in the brain continued through the middle of the 20th century, when a revision of strate​gy occurred.  It seemed that the faculties of folk psychology and the Scottish School - attention, sensation, perception, reasoning, and the like - were not the names for the functions that seemed connected with structures.  Before considering the revision that occurred in the late twentieth century, we must consider the substantial developments in neurobiology that occurred in the nineteenth century.
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tc  \l 1 "Nineteenth-Century Science
# "Nineteenth-Century Science

Questions to be Answered in this Section

1. What is Albrecht von Haller’s irritability?

2. What did Galvani discover with his frog experiment?  How did Volta diagree with Galvani’s conclusions?

3. What is a myograph and what did Helmholtz measure with it?

4. What did Bell and Magendie discover about sensory and motor nerves?

5. What did Fritsche and Hitzig discover?  Who is Mary Raffery?  Who coined the term synapse and what is it?

6. Who is “Tan” and what is the “Broca’s area”?  How did Pribram disagree with Broca?

7. How did Penfield show that phrenologists were correct in general?  

8. What did Lashley discover in performing in his experiments on rats?  What is the engram and what experiments did he do to find it?  In concluding his experiments, what did he discover about memory?


The science of the 19th century, especially in physiology, had a profound effect on the development of psychology later in the century.  To most observers, science was showing that the model of British Empiricism that was influential at the turn of the century was essentially correct.  As Hartley had proposed and as James Mill had elaborated, the mind is actually a biological entity that acts as an association machine.  Consider the evidence for the mechanical nature of organisms, including their brains, and for empiricism - the sensory origins of the mind.

tc  \l 1 "The Neural Impulse                                          # "The Neural Impulse  


By 1900 a great deal was known and suspected concerning the gross functions of the major divisions of the nervous system.  In the 1790s Galvani and Volta, competing Italian scientists,
 pro​vided independent evidence for the fact that the nervous system was an electrical system.  This may seem trivial these days, but it was startling news at the time.  The thinkers following De​scartes and the others of the Enlightenment believed that the body was a wonderful machine run by a ghost, the "mind."  According to this view, the mind sent its mental instructions to parts of the body instantaneously; magic need not take time!  


Given that context, it is amazing that Albrecht von Haller,
 a Swiss who studied at Tübingen and studied at Leiden, freed himself from the dogma of the age and proposed irritability as a fundamental property of living tissue.  That part of the body is irritable if it contracts when touched and it requires no media​tion by the soul.  On the other hand, sensitivity is evident when stimulation "transmits the impression of it to the soul."
  This argument, presented in 1753, prepared the way for the materialist theories to come later in the century.


     Once those theories came and it became clear that messages were sent via electrical impulses, a bit of the magic seemed lost.  It is true that electricity has an aura of magic about it, but its behavior is now quite predictable; "mind" is pure magic. Boring 
 described well the circumstances of this discovery.


Luigi Galvani
 showed in 1791 that a frog leg kicked when touched by rods of different metals.  He first ob​served a leg with nerve and a piece of spinal cord hung from a piece of iron with a brass hook through the cord.  It twitched when electricity discharged nearby, whether due to lightning or to a Leyden jar.  He found that he could make the leg kick by touching the nerve and the outside of the leg with wires of different metals if the other ends of the wires were touched together.  In so doing, Galvani created the first electric bat​tery, with the frog leg furnishing the wet cell material.  A fur​ther (and macabre) demonstration involved a frog's leg hanging by its nerve from a grounded brass hook and with its foot touching a silver plate.  If the plate were also grounded, the leg would continue kicking indefinitely.  In Galvani's opinion, he had demonstrated "animal electricity," a conception that was at that time on a par with animal magnetism.



Galvani's interpretation was opposed by the physicist Ales​sandro Volta
, whose work with electricity led Napoleon I to make him a count in 1801.  Prior to his work, static electricity was generated with friction machines and "stored"
 in Leyden jars.  He created the first electric battery that could produce a constant flow.  his was the voltaic pile, composed of alternate silver and zinc plates separated  by brine-soaked cardboard.  Stimulation of body parts with current from this source produced muscular con​traction - hence the source was outside, not inside the organism - there was no animal electricity, Volta claimed. 

tc  \l 1 "The Rate of Neural Conduction                               # "The Rate of Neural Conduction  


Despite the cogency of Volta's argument, the great physiolo​gist Johannes Müller still saw (as we do) the electricity as animal produced.  It was his student Helmholtz, who was the first to measure the rate of conduction of this electricity as it traveled along a nerve.  


Müller doubted that the rate of neural conduction could ever be measured:



We shall probably never attain the power of meas​uring the velocity of nervous action; for we have not the opportunity of comparing its propagation through immense space, as we have in the case of light.

Müller suggested three values, ranging from 150 feet/min to 5,757,600 million feet/sec, a velocity sixty times that of light!  The actual velocity varies from 3-400 ft/sec, depending on the diameter of the fiber.  His student, Hermann Helmholtz, invented the myograph and used it to calculate the velocity of conduction in the frog's leg; this turned out to be 90 ft/sec.  He also investigated differences in conduction time in human nerves when stimulation occurs on a toe or on a thigh.  Based on differences in reaction time (see below), he estimated the conduction veloci​ty to lie between 50 and 100 meters/sec.  It really doesn't matter what the true values are; what matters is that there are values.  That is, neural conduction is not infinitely rapid; unlike magic, it takes time.
 

tc  \l 1 "Sensory and Motor Nerves                                    # "Sensory and Motor Nerves  


Descartes had assumed that the tubes that carry messages via the animal spirits to the mind were different from the tubes that carry the motor command to the muscles.  One of the ancient Alexandrian Greeks, Erasistratus, made a similar assumption, but it was not until the early nineteenth century that the real dis​tinction between sensory and motor nerves was discovered.


Sir Charles Bell
 was England's foremost physiologist and anatomist, who was born in Scotland but who worked and lectured in London.  He typically worked late at night and lectured on his findings to medical students in the morning.  His most famous finding was that cutting the posterior (dorsal...back) roots of the spinal cord produced no violent movements but touching the anterior (ventral...front) roots produced convulsions.  Clearly the latter had purely motor effects.  He published a pamphlet, "Idea of a New Anatomy of the Brain" in 1811 and made 100 copies for friends.




The premier physiologist in France at the time was Francois Magendie,
 whose discovery was similar, but who published his results in a standard journal in 1822.  He noted that when an animal's posterior/dorsal roots were cut, there was no reaction to stimulation of a limb, but the animal was capable of moving the limb.  Sectioning of the anterior/ventral root led to paraly​sis.  Hence, like Bell, Magendie found conduction of the motor impulse is carried in different fibers from those that carried conduction in.  One-way conduction in sensory and motor fibers is basic to the principle of reflex action, am important principle for psychology.


tc  \l 1 "Reflex Action                                               # "Reflex Action  


Galen
 described the pupillary reflex; Descartes proposed a reflex mechanism to account for all animal and most human activi​ty, and the word "reflex" was first used in 1736 by Astruc.  The term was meant to indicate "reflected;" the effect of a stimulus is reflected out in the reflex response.


In 1751 Robert Whytt, another Scot, wrote an essay arguing that the spinal cord is independent of "mind", it is a pure mechanism, as Descartes had suggested.  Whytt showed that the heart and intestinal muscles may continue rhythmic contraction and relaxation long after removal from the body.  This view, echoing LaMettrie, was carried on by another Scot, Marshall Hall, who reported to the Royal Society in 1833 that spinal reflexes were unconscious.  He described the activity of decapitated newts and snakes with severed spinal cords - in neither case did the animals move unless touched.  But move they could.


Oddly, proposals such as that touched off the real debate regarding reflex action - is reflex action independent of con​sciousness and mind, the action of a mere mechanism?  Or, is reflex action still guided by some diminished level of mind/consciousness?  Reflexes are purposive and that implies mentality.  The eminent physiologist Pflüger held this position; in his view, consciousness played a part in all neural action and he referred to a "soul of the spinal cord."  


The issue was discussed by William James
 who posed it as the problem of continuity of mind and matter.  Thus, if we act adaptively because we have mind and the spinal cord acts adap​tively without our commanding it, it must have a degree of mind of its own.  On the other hand, the spinal cord acts according to several fairly simple mechanical principles, as shown by Sher​rington.
  Since it is material and acts adaptively, doesn't it stand to reason that what we call "mind" is superfluous?  Both spinal cord and brain are mechanisms and it is continuity of matter and mechanism, not mind, that is relevant.  


Considerations such as this show why many people at the turn of the twentieth century were interested in Pavlov's demonstra​tion that unconscious movements can be learned.  The question, of course was really that of the relation of mind and body and the two alternative answers were those proposed by Plato (and, later, Descartes) and Aristotle (and, later, LaMettrie and Pavlov).  Is the body best viewed as a material ("dead") machine, with a separate "mind" animating it?  That was the position of Plato, Descartes, and many others.  Or is the whole body alive and is "mind" just a word for the operation of that body; that is the biological position of Aristotle, LaMettrie, and Pavlov.

tc  \l 1 "Reflexes of the Brain                                       # "Reflexes of the Brain  
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During the time when brain structures were being related to sensory and speech functions in this country and in Europe, a young and brilliant Russian army surgeon demonstrated something interesting about the functions of higher neural centers in the control of lower ones.  Ivan Sechenov published a delightful little book, only recently translated into English,
 called "The Reflexes of the Brain," in which he attempted to show exactly how an utterly mechanical brain and nervous system could account for all of our behavior and experience, including the behavior of a man with an ideally strong will acting according to some high moral impulse and conscious of everything he does!


His analysis is ingenious and rests in part on his demonstration of "central inhibition;" that the stimulation of the brain (of a frog) can inhibit reflex activity controlled by the frog's spinal cord.  This finding, unknown to Hughlings Jackson and to Anstie, corroborated their teaching that higher neural centers inhibit lower ones.  
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tc  \l 1 "Specific Nerve Energies                                     # "Specific Nerve Energies  


Johannes Müller's famous handbook of physiology (Handbüch der Physiologie) was published between 1833 and 1840.  It was composed of eight volumes totaling 750,000 words; two hundred and fifty-six pages of the fifth volume was devoted to the doctrine of specific nerve energies.  Boring described the issue in this way:
 

Locke knew that ideas simulate the primary quali​ties, like intensity, shape, and size, but the secondary qualities, like greenness and shrill​ness, have only symbolic representation.  Green​ness and shrillness are vibrations, but in the mind they are sense qualities.

  Müller's point, as authoritative physiologist at Berlin and teacher of three of the four great physiologists of the century, was that Berkeley was correct in his criticism of Locke.  We perceive only the state of our nerves, not some outer reality.  In proposing that each major sensory nerve has its own quality or "energy," Müller was suggesting that there is either something special about the nerve or about its target.  


All sensory nerves are ultimately stimulated by vibrations of various frequencies; some we call sound, others light, and others touch, smell, or taste, depending on the nerve stimulated.  We now assume, of course, that the "energy" is in the cortical target of each nerve, though we have no idea how that is so.  By the turn of the twentieth century it was well established that the target of the optic nerve, the occipital cortex, is necessary for sensations of vision.  The superior (upper) part of the anterior (forward) temporal lobe provides the auditory "energy" and the cortex just posterior to the central sulcus serves the sense of touch.  Olfaction, thought until recently to depend on the limbic system (the "core" of the forebrain), is actually dependent upon cortex rolled under the temporal lobes.  The role of the limbic system in olfaction had first been proposed by Paul Pierre Broca, coincidentally enough.  

tc  \l 1 "Fritsch & Hitzig                                            # "Fritsch & Hitzig  


Work concerning the functions of specific parts of the brain was rare and difficult before the 1840s, when anesthetics such as chloroform and nitrous oxide were discovered.  Prior to that time surgery was extremely traumatic and painful, needless to say, and many of the early biological discoveries were made at the cost of the agonies of the organisms that were under study.  Don't look into the procedures used in the seventeenth century by the Eng​lish physician Harvey, for example, who first showed that the heart acted as a pump!



Much of the data gathered in the eighteenth and nineteenth centuries came as the result of battlefield examinations of soldiers - not because they were being used as subjects, but because their injuries often gave the attending physicians infor​mation about the function of the injured organs.  A salient example occurred in the war between Prussia and Denmark when two German physicians, Fritsche and Hitzig
, discovered that an area of the cerebral cortex just forward of the central sulcus pro​duced movement of limbs when it was touched.  This discovery of the "motor cortex" was replicated and extended in subsequent experiments with dogs.  David Ferrier, a British physiologist, later mapped the area, showing how specific muscle groups are represented in the area.  This is the "motor humunculous" that appears in introductory textbooks.


Shortly thereafter, an American physician named Bartholomew
 chanced on a patient named Mary Rafferty.  She suffered from an ulcerous wound that left part of her brain exposed.  In his examination, Bartholomew discovered that the area of the cerebral cortex just to the rear of the central sulcus is the brain center for touch.  Adjacent to the "map" of the body that Ferrier had drawn to account for movement was the corresponding "map" for touch.  Everything seemed to be falling into place.

rzenich and a New Twist
#Merzenich And A New Twist   


In the 1980s M. M. Merzenich discovered that the receptive fields in the somatosensory cortex of the postcentral gyrus are surprisingly malleable.  For example, after amputation of a finger, the cortical receptive field for that finger is "invaded" by the receptive fields for the neighboring digits.......

continue
tc  \l 1 "Sherrington and Integrative Action                          # "Sherrington and Integrative Action  
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Just after the turn of the century, the great British physi​ologist Sir Charles Sherrington presented the Silliman lectures at Yale and published his masterpiece, The Integrative Action of the Nervous System.
  Sherrington did not emphasize the impor​tance of the synapse or the reflex itself; indeed, he purposely did not mention "reflex" in his title.
  But the major impact of his work lies in the evidence he amassed for the existence of the synapse, a term which he coined.  The neglect of the more impor​tant conception of integrative action was a pity, as Pribram
 agrees.



During the late nineteenth century there was still a sizable body of physiologists and neuroanatomists, including Golgi, who doubted the existence of the synapse and who opposed the neuron theory.  Though it may seem amazing to us now, they believed that the nervous system was one long and continuous whole; there were no gaps or "synapses" dividing it.  Sherrington showed that this "reticularist" view was mistaken by laying out the differences between conduction in a nerve trunk and in a reflex arc; needless to say, the concept of the reflex means nothing without the concept of the synapse.

tc  \l 1 "Broca's \"Language Center\:\" Lesson in Interpretation
# "Broca's "Language Center:" Lesson in Interpretation  
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Müller believed that vision, olfaction, and touch were dependent upon specific structures, though he was unsure whether it was nerve or target that was responsible.  The search for brain targets subserving specific functions appeared to take a giant leap forward in 1861 when Pierre-Paul Broca discovered what appeared to be the "speech center."  A patient described as otherwise normal was unable to articulate language, though he could understand it.  He was called "Tan," since "tan-tan" were the only syllables he could utter.  For years he had been para​lyzed on the right side, evidently due to a series of strokes (to which we refer later).  He was referred to Broca for treatment of an infected bedsore and soon died.  Upon autopsy he was found to have a lesion in the left hemisphere of the lower temporal lobe just forward of the temporal lobe (the inferior posterior frontal lobe) - an area scarcely four centimeters square.  For a century this area was known as the speech center - its function turned out to be not what it seemed to Broca.


· tc  \l 1 "Reassessing Broca's Finding
# "Reassessing Broca's Finding     


It now appears that Broca found what he had been trained to expect to find when he discovered "Broca's area," the language/speech center.  Broca
 reported that his patient, who had suf​fered a stroke, was essentially normal except for his loss of the ability to speak.  Karl Pribram is an eminent neurosurgeon and psychologist who believes that patients showing "Broca's aphasia" may suffer from more general disabilities than the loss of the ability to speak.  His investigation shows that Broca did indeed find what he was expecting to find.  Pribram
 wrote:

Broca had been taught that language was a function of the frontal lobes; his teachers derived their doctrine from the phrenologists who had reasoned that man's high forehead and his linguistic abili​ty were two of his most distinguishing features; ergo they might well be related.  Broca reasoned that the only place where his aphasic patient's lesion overlapped the frontal cortex was in the posterior inferior portion.  Hence Broca's area.


Broca's patients had suffered strokes that involved the middle cerebral artery; this produces widespread damage, but it was the damage to the frontal cortex, "Broca's area," that Broca noted.  Is the area the seat of speech?  Pribram suggests that it is not:


Evidence against Broca's claim is simply that excision of Broca's area in man's brain, and damage to this area, has been inflicted without causing any severe linguistic disturbance...Broca's area...Presumably therefore all of the lobotomies performed for psychosurgical reasons (over 10,000) injured Broca's area to some extent.  Yet not a single report of aphasia due to lobotomy occurred.

In two catatonic patients who had not spoken in over twenty years, removal of Broca's area produced fluent speech that re​mained.  


Is Broca's area the speech center?  Pribram goes on to argue that since its removal does not impair speech and may even im​prove it, it is not necessary for speech production.  Nonethe​less, it is possible that an intact and malfunctioning Broca's area may interfere with the motor production of speech.  This, however, is a bit different from the conventional definition of "speech center."  Penfield's "memories" suffered a related fate.

tc  \l 1 "Penfield's Memories                                         # "Penfield's Memories  


Wilder Penfield was a Canadian neurosurgeon who operated on a variety of patients, including epileptics.  In many cases of epilepsy, anti-epileptic drugs are ineffective and the sufferer is left undergoing embarrassing and life-threatening seizures, with no recourse other than a dangerous operation as a remedy. The operation includes the removal of portions of cerebral cortex that EEG analysis has suggested are responsible for the seizures.  In the course of the operation the patient is awake, while the neurosurgeon probes for the offending tissue.  If signs of a seizure can be evoked, the cortical area is destroyed (e.g., by burning it with DC through the electrode or by aspiration).   


In the course of these procedures, Penfield
 found that his stimulations, especially in the parietal and temporal cortex, often aroused vivid memories in his patients, complete with color and sound.  Often an incident from many years ago seemed to be relived, described by the patient as though it were being played on a video cassette.  Penfield's discovery is described in most introductory psychology books and it seemed to add to the mount​ing evidence that the phrenologists, though wrong in detail, were correct in general.  The brain seemed to be composed of many parts and each part has an obvious and unique function.  Penfield found stored memories, it seemed.  We will return to this issue.

tc  \l 1 "Lashley and the Engram                                      # "Lashley and the Engram
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In a powerful display of faith in the precise localization of function in the brain, a young Karl Lashley offered to trace the neural connections in the frog brain and thus determine how the frog brain worked.
  He had found some discarded slides of sections of the frog brain and the neural connections seemed to him to be traceable.  He was shocked to learn that the stain used was extremely selective and that the tissue he saw was therefore a very small fraction of the total.  Despite his discouragement, he spent a substantial part of the rest of his life trying to accomplish that mission.  His findings had a profound and lasting influence on the search for brain-behavior relations.
 
In 1929 he published a monograph, Brain Mechanisms and Intelligence, detailing his findings concerning the effects of brain lesions on the ability of rats to learn mazes.  He used three mazes, with one, three, or eight blind alleys. His proce​dure consisted of operations in which he destroyed greater or lesser portions of the cerebral cortex of his rat subjects, followed by tests of their ability to learn the mazes.  What he essentially found was that quite a bit of the cortex had to be destroyed before any deficit was found and, surprisingly, that it did not matter from what part of the cortex tissue was destroyed.


Thus, such and such a deficit would be found on the most difficult maze with destruction of 50% of the cortex.  But it did not seem to matter what 50% was destroyed, as long as the primary projection areas were spared.  A rat that had one large lesion comprising half its cortex would perform similarly to a rat that had twenty small lesions scattered over the cortex.  What was important was only the percentage destroyed, not its location.


This means that the cortex is equipotential; any part can carry out the function of any other part, within limits.  The degree of the deficit did increase with the size of the lesion, however, which led Lashley to propose the principle of mass action.  This means that cortical tissue may be equipotential, but that its efficiency depends on the amount of it which is remaining - the mass of cortex available is important.


Lashley's 1929 report was very discouraging to researchers aiming to show localization of function. in the brain.  If the particular locus of brain damage is not crucial, then how can specific memories be stored in specific places?  Whether the memory trace (or engram) consists of neural circuits, concentra​tions of proteins such as RNA, or presence of neurotransmitters, the location of the lesions should be very important.


Lashley continued his search for the engram for a great many years, a search that he described in 1950 ("In Search of the Engram").  After his 1929 monograph he tried slicing the cortices of his subjects, so that their brains resembled sliced hams, only to find no deficits in learning tasks.  He destroyed the linkage between the sensory and the motor areas and even lesioned the cerebellum.  The cerebellum influences motor behavior and, since other lesions had little effect, maybe the engrams required to learn mazes were stored their.  But even those subjects, whose movements were hampered and who crawled, rolled, and squirmed along the alley, came to the choice points and rolled down the correct alley.



Lashley concluded that since learning requires that the effects of experience be somehow stored, learning is impossible.  His search for the engram had convinced him that memories are not stored, at least not in specific locations.  If they were, how could one account for the finding of equipotentiality?  He seri​ously considered the possibility that memory depended on DC electrical fields on the surface of the cortex, theory held by Pavlov
  and the Gestaltists.
  Research discussed in Chapter 14 showed that this theory was untenable.

· tc  \l 1 "Lashley's Legacy                                            # "Lashley's Legacy  


Other data corroborate Lashley's basic findings and two authoritative reviewers
 agree that his findings were legitimate.  Instances of serious brain damage producing little deterioration in performance abound.  For example, Chow
 destroyed three-quar​ters of the visual cortex of cats and at the same time cut more than three-quarters through their optic nerves.  Such an opera​tion would reduce the animal's vision to near nil, one would think, and it does cause disruption of a previously-learned visual discrimination.  But the cats relearned the discrimination as quickly as they had originally learned!  Other data show the discrimination performance of cats and other animals to be passa​ble after even greater destruction of the visual pathway.  It seems that a few hundred visual cortical cells is sufficient for the learning of fairly difficult visual discriminations.
 

tc  \l 1 "Is Your Brain Really Necessary?                             # "Is Your Brain Really Necessary?    


That was the title of a piece appearing in Science in 1980.
  It describes the findings of a British neurologist, John Lorber, at the University of Sheffield in the United Kingdom.
  Lorber's research involves hydrocephalics, whose brain ventricles accumu​late an excess of cerebrospinal fluid.  When this occurs in an infant or young child, the skull expands to make room for the excess fluid.  But in older children and adults, the skull is not malleable and the fluid crushes the forebrain against the inside of the skull.  In many instances great brain damage occurs, accom​panied by grave disturbances in function.  However, in a great many cases, there is no obvious deficit, even though the brain damage is extreme.  As Lorber put it:
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There's a young student at this university, who has an IQ of 126, has gained a first-class honors degree in mathematics, and is socially completely normal.  And yet the boy has virtually no brain...When we did a brain scan on him, we saw that instead of the normal 4.5-centimeter thick​ness of brain tissue between the ventricles and the cortical surface, there was just a thin layer of mantle measuring a millimeter or so.  His cranium is filled mainly with cerebrospinal fluid.

The eminent British neuroanatomist , Patrick Wall, at University College, London, commented that "Scores of similar accounts litter the medical literature, and they go back a long way."  He praised Lorber for compiling a remarkable set of data, rather than relying on mere anecdotal accounts.  Wall wondered how we may account for such findings.


How indeed may we account for them?  If Lorber is right and if Lashley's search means anything, then we must at least question the old supposition that the cerebral cortex is the seat of all intelligent behavior and particularly that it is the repository for precisely localized memories.  But what of Pen​field's famous findings?

tc  \l 1 "Penfield Reconsidered
# "Penfield Reconsidered  


Penfield was no doubt sincere in his belief that he had found the anatomical substrate for memory, but Valenstein
 showed that more recent evidence paints a somewhat different picture.  Fedio and Van Buren
, at what was then the National Institute for the Study of Neurological Disease and Stroke, point out that many surgeons use precisely the procedure used by Penfield, yet no one seems to have found revived memories as he reported.  That fact, along with the report by Mahl
 that such patients often do report seeing flashes of light or hearing brief sounds, suggests another interpretation for Penfield's finding.


Imagine yourself as a patient under the conditions experi​enced by his patients.  You are undergoing a brain operation and, while you were under anesthesia, the surgeon has cut through the scalp, the skull, and the dura under the skull.  You are now sitting there awake and the surgeon is touching your brain with a stimulating electrode!  It is surely fair to say that you might be a little "on edge" or "reactive" under such circumstances.


Suppose now that during the stimulation you see a flash of light or hear a sound, just as you might see flashes and hear "bells ring" when something strikes you in the head.  You say, "I heard something," and the surgeon asks what it was.  Was it like a train whistle?  Yes, it was and you add, "I can see the station and there is my mother..." and so on.  With a little prodding, completely inadvertently done by the surgeon, a patient may well tell many stories under such circumstances.  Does this amount to the revival of memories?  In a sense it does, but the stimulation of the brain surface appears to arouse only light flashes and brief auditory sensations.  The elaborations of these are aroused by the questions of the surgeon in the context of a highly reactive subject.


Penfield was entirely well meaning and no reader of his biography, No Man Alone
 could believe that he was intentionally perpetuating a fraud.  He found what his education had led him to expect to find and one cannot blame him for believing that he found it.  But others did not find it and the reason for their failure is clear. tc  \l 1 "Motivation And Emotion
# "



Motivation and Emotion

The brilliant visual scientist William Rushton...challenged neuroscientists with the assertion that only the hope of understanding perception and consciousness makes neuroscience worth doing...some neuroscientists think of them​selves as philosophers studying the mind-body problem.  They form a field one might call experi​mental philosophy: it is the expensive branch of philosophy.

Questions to be Answered in this Section

1. What is the limbic system and its divisions?

2. What was Papez’s bizarre proposal and what evidence did he use to support it?

3. What did Hess, Hetherington, Ranson, Aanand, Brobeck, and Pribram propose about the hypothalamus?

4. What are the effects of VM and LH lesions and how does this show that they are inhibitory and excitatory?

5. How did Klüver and Blucy interpret evidence for an “aggression center” and what does this have to do with the aamygdala.  What was the Charles Whitman episode?  How are hypersexuality and the amygdala related?

6. What was Valenstein’s interpretation of psychic blindness?

7. What did Olds accidentally discover with his rat experiments?  What does this have to do with Valenstien and rewards and Delgado’s “brave bull”?

8. What are the functions of acetylcholine (Ach), norepinephrine, dopamine, and seretonin?

9. What was shown with Hubel and Wiesel’s cat experiments?

10. What is the neuron doctrine?

11. What did Helmholtz discover about an infant’s vision?  What is amblyopia?


Probably the best known discoveries in physiological psychol​ogy occurred in the area of motivation and emotion; this includes the discovery of what some called "reward" and "punishment" cen​ters, feeding centers, aggression centers, and the like.  The story involves the limbic system, particularly the hypothalamus.


If the brain were an apple, its core would be the limbic system, old cortex arranged essentially the same in us as it is in dogs, rabbits, and rats.  Limbic means "border" and refers to the brain tissue bordering the midline of the brain.  The hypo​thalamus, a cluster of cell bodies about as large as the tip of your thumb, is a crucial part of this system and controls the autonomic nervous system.  


The autonomic nervous system is subdivided into the sympa​thetic and the parasympathetic branches.  The division was sug​gested by two Viennese neurologists, Karplus and Kreidl, in 1909 and subsequent research has supported their view.  They suggested that the anterior (forward) portion of the hypothalamus controls parasympathetic activity; this includes conservative functions such as sleep, sexual activity, feeding, and other "vegetative" functions.  On the other hand, the posterior (rearward) hypotha​lamus controls aggression, flight, and other activities that use up energy in the interests of survival.  The posterior hypothala​mus increases sympathetic activity, which means that heart rate increases, blood is shunted from the viscera to the muscles, the lungs exchange gases more rapidly, and the affected organism is more able to fight for its life or to flee.  And Karplus and Kreidl were correct, as many studies since have shown.  The hypothalamus seems to be a center for motivation and emotion and in a sense it is.


tc  \l 1 "Papez's Circuit                                             # "Papez's Circuit

In 1936 a neuroanatomist, James Papez, made a bizarre pro​posal, based wholly on anatomical evidence and reasonable assump​tions about the nervous system and emotion.  Until that time, what was later called the limbic system was known as the "rhinen​cephalon," meaning "smell brain."
  It humans and in other crea​tures it was believed to subserve the sense of smell.  Oddly, however, this "core" of the brain was strikingly similar in the parts involved and in their organization, as one traced an ascend​ing series of animals from rat, through rabbit, dog, and ape to humankind.  Additionally, the limbic cortex is proportionally larger in humans!  Since olfaction is certainly far more important to a rat or a rabbit than it is to us, why should our limbic structures be proportionally larger?



Papez proposed that the limbic cortex does not serve olfac​tion; because of its location, it more likely serves emotion.  Countless lesion and stimulation studies done before and after Papez's proposal support his suggestion; some will be considered below.  His reasoning was based on the size and the location of the limbic area - consider his reasoning.


We now know that stimulation of the brainstem reticular formation
  produces nonspecific arousal of the entire forebrain.  As the figure shows, the reticular formation passes through the limbic area and could easily set off activity in the "Papez Circuit."  Neural activity beginning in the reticular formation could activate cells in the hippocampus, which would be transmit​ted via the fornix to the mammilary bodies of the hypothalamus.  The mammilothalamic tract then carries the message to the anterior nuclei of the thalamus, which are "intrinsic" nuclei, meaning that they communicate largely with the rest of the thalamus, and thus with the rest of the forebrain.  They project directly to the cingulate cortex and thus can easily cause general arousal.


So what happens when we are emotionally aroused?  Perhaps the object that causes the arousing has its effects in the primary projection areas of the cortex (e.g., the visual and auditory cortex) and at the same time produces activity in the brainstem reticular formation, as was suggested by Hebb.
  The activation of the reticular system is communicated to the hippo​campus and from there, via the Papez circuit, it reaches the anterior nuclei of the thalamus.  


The experience of emotion depends on the limbic system, including the hypothalamus, which produces sympathetic autonomic activity.  (The term "sympathetic" refers to the fact that such energizing is general, causing the affected systems - the circu​latory and respiratory systems, for example - to act together, or "in sympathy.")  Along with this, appropriate brainstem approach/avoidance mechanisms are triggered
 and fight/flee behav​iors are generated in the skeletal muscles.  Thus, we have the conscious appreciation of the stimulating event, as well as the activation of the sympathetic nervous system.  Together, these account for both the experience and the expression of emotion.

tc  \l 1 "The Hypothalamus                                            # "The Hypothalamus

During the twentieth century mounds of evidence accumulated that tie the limbic system with what appear to be instances of emotional behavior.  In addition, one small part of this system, the hypothalamus, has been implicated in so many behaviors that the tiny organ has taken on the role of the major center for motivation.  We will briefly trace the history of research concerned with the functions of the hypothalamus; it tells us some very important things about the presuppositions of researchers in motivation and emotion.


The hypothalamus became popularly accepted as the center for motivation with the work of Walter Hess, a Swiss who studied the effects of electrical stimulation of the hypothalamus in cats.  This work led to a Nobel Prize in 1949.
  After stimulating in 4,500 sites in 480 cats, Hess concluded that he could produce hunger, fear, or rage, depending upon the specific sites stimulat​ed.  The hypothalamus seemed to be the center controlling common and important motives. 


In 1942 Hetherington and Ranson
 found what came to be called the "satiety center" in the hypothalamus.  When they de​stroyed the ventromedial nuclei of that organ (see Figure), their rat subjects ate voraciously, gained huge amounts of weight, and became what Schachter
 later called "creatures of nightmares."  The rats sometimes doubled their body weights after the operation, evidently because the ventromedial nuclei (VM) tell rats (and humans) when to stop eating.  When the VM are destroyed the "satiety signal" is lost and, as subsequent research showed, rats, cats, dogs, porpoises, and sparrows eat far more than normal.  So the story went.


Naturally, if there is a brain center that tells us when to stop eating, there must be one to tell us to eat, one would think.  In 1951 Anand and Brobeck at Yale University found the "feeding center."
  While attempting to insert stimulating elec​trodes into the amygdala of rats (the amygdala is covered below), they inadvertently destroyed the lateral nuclei of the hypothala​mus and found that their subjects died after the operation.  The cause of death was aphagia; the rats refused to eat and spat out food that was forced in their mouths.  Interestingly, Karl Pri​bram
 noted that many rats died before the operation; the re​searchers expected to find changes in feeding behavior as a result of damage to the amygdala and therefore prepared an unpal​atable preparation of axlegrease and sawdust to see if the oper​ated rats would eat it.  The rats found it so tasty that they ate enough of it to die before the operation could be performed!


Thus, the hypothalamus seemed to control both eating and not eating.  If the VM "satiety" center were damaged, hyperphagia, or gross overeating, occurred.  If the lateral nuclei (LH) were destroyed, eating ceased.  Reasonably enough, when the VM was stimulated, eating ceased, and stimulation of the LH produced eating.  Here were the feeding and satiety centers and everyone accepted them.  The only question was what new centers would be discovered to account for new behaviors?  No wonder Hess won the Nobel Prize.

· tc  \l 1 "Feeding and Satiety Centers\: Another Look # "Feeding and Satiety Centers: Another Look           


The functions of the nuclei of the hypothalamus in the regulation of feeding have become far clearer since the early work of Hetherington and Ranson and Anand and Brobeck
.  Few would now argue that the VM is the "satiety center" and the far lateral nuclei the "feeding center."  This is because it is now evident that stimulation and destruction of these regions has more general effects than had been assumed.  Additionally, it is now fairly certain that effects produced through manipulation of VM or LH are actually produced through effects on fiber tracts that pass through these areas.  A landmark paper written by a social psychologist,
 of all people, drew attention to recent research on the hypothalamus and to the change in our view of brain function that was called for.

· tc  \l 1 "Re-evaluation of LH and VMH Function
# "Re-evaluation of LH and VMH Function   


A great deal of evidence indicates that the effects of VM and LH lesions are more general than had been believed and that the ordinary functions of the two structures are inhibitory and excitatory, respectively.  Destruction of the VM removes an inhibitory influence and leads to increased responsiveness to strong external cues.  Stimulation of the VM seems aversive and certainly does not increase responsiveness.


The LH appears excitatory, so that stimulation of it appears in some ways to act as does destruction of the VM.  Such stimula​tion can maintain lever pressing, produce feeding, cause stalking of prey, and other activities that seem describable as "outer directed."  Destruction of the LH causes decreased responsiveness to external stimuli and even to one's own body.  Operated cats will remain immobile, even when placed in uncomfortable posi​tions, and will ignore stimuli that would ordinarily elicit strong reactions.  This sensory neglect is a powerful general effect, yet, as Carlson noted,
 the lateral hypothalamus was called the "feeding center" for approximately two decades!  Therein lies a lesson for us.

tc  \l 1 "The Amygdala and Aggression?                                # "The Amygdala and Aggression?      


Klüver and Bucy of the University of Chicago.
, for reasons not relevant here, removed the temporal lobes from monkeys, along with a structure just inside the temporal lobes, the amygdala.  The most striking effect of this operation was the placidity it produced in the normally aggressive Rhesus monkeys.  Similar effects occurred when the operation was performed on chimpanzees, cats, and subsequently, any animal with a pair of amygdalae to remove.  Even a vicious lynx could be hand fed after a bilateral amygdalectomy.  This could be interpreted as evidence for an "aggression center," of course, and during the mid-twentieth cen​tury a large number of violent humans were pacified through amyg​dalectomy.  In fact, Mark and Ervin,
 two neurosurgeons, advocated the use of this operation to deal with what they called "deep brain disease" (DBD).  They claimed to have helped a number of patients who were aggressive to the extent that they posed a danger to society.  They will be discussed further below.


One striking piece of evidence for the role of the amygdala as the center for aggression came from the Charles Whitman episode.  In 1966 this man killed his wife and mother (though he left a letter of apology) and occupied the top of a tower on the campus of the University of Texas at Austin.  From that spot he shot 38 people below, killing 14.  He was finally overpowered and killed by police and an autopsy revealed a brain tumor (as al​ways, "the size of a walnut") near the amygdala.  Thus, irrita​tion of the aggression center could have been responsible for his violent behavior, as suggested by Sweet, Mark, and Ervin.
  If our amygdalae were all destroyed at birth, what a peaceful world this would be.  But it would be a strange world, as we will see.

· tc  \l 1 "The Amygdala and Aggression                                 # "The Amygdala and Aggression Reconsidered  


The first report relating the amygdala to aggressive behavior was Klüver and Bucy's
 discovery of their famous syndrome.  In their original report they carefully and clearly described all of the major effects they observed, but later researchers and sur​geons emphasized only the placidity it seemed to produce in their patients.    


We noted that they also observed hypersexuality and what they called "psychic blindness."  We now know that these two "side effects" were by no means trivial and that in all likelihood, the placidity was the real side effect.


Hypersexuality may refer to somewhat augmented sexual behav​ior, rendering an individual promiscuous, but still relatively normal.  Or, it may refer to effects like Klüver and Bucy first found.  Their hypersexual animals appeared ready to mount any organism, of whatever sex or species.  Their original article shows a photograph of an amygdalectomized cat attempting to mount another operated cat, which was mounting a third cat.  Other photos show a cat attempting to mount a monkey and even a chicken!  That is hypersexuality indeed.  Similar bizarre sexual behavior has been reported in humans after bilateral amygdalectomy, though details differ from the descriptions of Klüver and Bucy.
  The psychic blindness observed in 1939 was also far from trivial and finds its counterpart in human patients.  Operated monkeys seemed to lack all ability to profit from experience with visual stimuli.  Thus, a new object would be examined, mouthed, and in other ways treated as "new."  When the object was removed from the visual field of the animal and then returned, it was again examined as new.  This occurred even with objects such as feces and burning newspapers, which would be examined and mouthed repeatedly.  Obviously, this would be inconvenient.


Valenstein suggested that this psychic blindness, or the deficit in dealing with visual stimulation, was the real deficit produced by the operation.  Such an individual would show inappro​priate sexual behavior, since it is sexually mature and healthy, but does not react normally to cues eliciting sexual behavior.  The placidity is also a byproduct, since if an individual is mouthing everything it sees and trying to mount everything that moves, one does not need to fear violence from it.


Valenstein described the results of Downer,
 a British inves​tigator who seemed to show that the effect of amygdalectomy was indeed a visual effect.  A rhesus monkey was operated upon so as to divide the two hemispheres of its brain.  Unlike what is usual​ly called a "split brain" operation
 which sections only the corpus callosum, Downer severed the anterior and the posterior commissures, the hippocampal commissure, and the optic chiasm, where the two optic nerves cross.  This produced a true "split brain."  Downer then destroyed the amygdala on one side.


When both of his patient's eyes were open, the animal was a typical rhesus monkey, with the typical aggressiveness of the species.  But when the eye on the side with the intact amygdala was closed, the animal became a Klüver/Bucy monkey.  It was effec​tively a reversible amygdalectomy; if the animal could see through the eye projecting to the remaining amygdala, it was normal.  It that eye was blocked, it was an amygdalectomized animal.  Clearly, psychic blindness is the fundamental deficit produced by the operation and it is only the hope that an "aggression" center had been discovered that led to the overlooking of this fact.


Others, such as Pribram
 add evidence showing that the defi​cit produced by amygdalectomy is mainly visual.  He found that operated monkeys, trained on visual discriminations, failed to show transposition
 or to generalize as do normal subjects.  The failure of both transposition and generalization not only points to visual effects, but may provide unexpected support for the Hull/Spence theory of generalization and discrimination considered in Chapter 15.


During the 1980s and 90s it became generally recognized that the amygdala, like any of the limbic structures, does not serve a simple role.  It seems indisputably involved in what we call emotional/aggressive activities but those are tied to vision and audition, since the amygala receives such input from the thalamus.  But it likewise has input from the frontal cortex and may act as an integrator of inhibitory influences that act directly, via the stria terminalis, on the hypothalamus.  The hypothalamus then acts as an inhibitory influence on motor ganglia further down, in the medulla.  Stimulation and lesioning of such a structure in such a system is bound to have general effects and the experimental situation and interpretation of the experimenter becomes crucial.   The same story applied to research concerning the functions of the LH and VMH.

tc  \l 1 "\"Reward Centers\"                                            # ""Reward Centers"

Anand and Brobeck
 discovered that the lateral hypothalamus had powerful influences on feeding only because of misplaced electrodes.  Another major discovery made through experimental error came about when James Olds, a postdoctoral fellow of Donald Hebb at McGill University in Montreal, was learning to perform electrode implants in the brains of rats.  His purpose was to implant an electrode in the brainstem reticular formation and determine whether stimulation led to more rapid maze learning.
  


As it happened, the electrode bent on the way to the target and lodged far forward, in the medial forebrain bundle.  Both Olds and Peter Milner, who was working with him, noted the odd effects of stimulation produced by this im​plant.  When the rat was stimulated, it returned to the place where it was standing when the stimulation was delivered.  And when Olds and Milner put a lever in the rat's box so that presses produced stimulation, the rat pressed.


What is the significance of this much-publicized finding?  According to Hebb
, who wrote a eulogy following Olds's untimely death, little attention was paid to it at the time.  But a "re​porter known as Mac, for the Montreal Star, happened by and asked Hebb what was going on that could be of interest to his readers.  Hebb told him that nothing much was new, but that Jim Olds had managed to train a rat to do things to receive brain stimulation.  The reporter interviewed Olds and nothing was heard of the matter for some weeks.  Then one day there was a shortage of news (evidently) and bold headlines proclaimed on the front page something like: McGILL SCIENTISTS OPEN GREAT NEW FIELD OF RE​SEARCH.
  Exactly what it was that Olds and Milner accidentally discovered is a complicated matter that will be discussed below.  But, with this publicity, it was difficult for them to believe that they had not found the biological substrate of pleasures and rewards.  This was especially true for Olds, who spent the rest of his life defending the existence of "pleasure centers."


It is true that mild AC stimulation through some electrode placements in the limbic systems of rats, humans, and other animals seems to act as though pleasure were being produced.  Rats will press levers for great lengths of time when the only payoff in electrical stimulation of the brain (ESB) - Valenstein
 reports a rat pressing a lever 850,000 times in 21 days for such a "reward" and others have reported that a rat will starve in the presence of food because it is "addicted" to the ESB produced by pressing a lever.  During the 1960s science fiction writers used ESB (also called ICS, intracranial stimulation) as a theme in a number of pieces, in which evil "electrogarths" enslaved a popu​lation by implanting stimulating electrodes in everyone's brain.


Olds did show that ICS/ESB does act much as do other rewards, such as food.  A rat will press a lever for it and will cross a shock grid to get it.  Green and Rachlin
 showed that brain   stimulation is substitutable for food or for water rein​forcement; hence, there may be a common mechanism involved.  Additionally, the discovery of Olds' "reward" center was only to be expected, in view of the fact that Jose Delgado had reported the discovery of "punishment" centers a few years earlier.     


What Delgado found (and published years later, in 1955),
 was that cats and other animals appear to dislike stimulation in some parts of the limbic system.  Animals will learn to press a lever to end such stimulation, but Delgado preferred more sensa​tional demonstrations of the power of ESB.  In a clearly theatri​cal demonstration, Delgado
 showed that ESB can stop the charge of a "brave bull;" the demonstration was held in a rented bull ring in California, where Delgado stopped the bull as it was charging and about to trample him!  He also showed that ESB could punish eating, as well as the care of infant rhesus monkeys by the normally attentive mother.  Little doubt remained in the minds of many that Delgado had demonstrated the existence of punishment centers in the brain.  Olds' discovery just supplied the other side of the coin.


We noted earlier that the ancient theory of hedonism seems inadequate to explain the behavior of ourselves or of animals.  Nonetheless, this theory has such a long history ("must be something to it") and a commonsense surface plausibility that it is ingrained in the thinking of both laymen and brain research​ers.  Hence, the public supports research aimed at discovery of biological substrates for pleasures and pains, though the profit from such a discovery is uncertain. 


tc  \l 1 "Chemical Theories of Brain Function                         # "Chemical Theories of Brain Function

Many years ago Larry Stein
 suggested that reward and pun​ishment circuits are permanently wired in the brain and that they are served by two different neurotransmitters.  He pointed out that, based on research results, it appeared that punishment circuits pass through the midline of the limbic system, just adjacent to the cerebral ventricles.  This "periventricular system" seems to be a cholinergic network; the neurotransmitter involved is acetylcholine.  The lateral portions of the limbic system appeared to be adrenergic; the neurotransmitter was nore​pinephrine and this network was to mediate reward, the "pleasure center."


Acetylcholine was isolated in 1914 and in the 1920s the German Nobel laureate Otto Loewi provided definite proof that chemical substances are involved in neural transmission.  Acetyl​choline (ACh) is the neurotransmitter in the skeletal nervous system and in the parasympathetic branch of the autonomic nervous system.  It is marketed as acetylcholine chloride and used to stimulate parasympathetic activity, in cardiac emergencies, for example.
  Acetylcholinesterase (AChE) is an enzyme that breaks down ACh and its absence effectively increases the amount of ACh present.  This is the mode of action of some nerve gases and it may be prevented by administering atropine, which diminishes the activity of ACh.


Interestingly, ACh levels influence the electroencephalogram (EEG) so as to produce greatly different patterns of activity.  Lacey
 and others have shown that it is possible to produce a "sleep" EEG pattern in a behaviorally alert and active subject by administering 
atropine and thus diminishing ACh activity. By increasing ACh levels, an alert EEG may be obtained from a sub​ject in a coma.  This dissociation of EEG "arousal" patterns and behavioral arousal was instrumental in discrediting the concept of a unitary arousal mechanism that had been popular in the 1950s and 1960s.


Epinephrine was also a candidate for neurotransmitter, but eventually a derivative, norepinephrine (NE), was identified as the effective agent in the 1940s.  It functions as neurotransmit​ter in the sympathetic portion of the autonomic nervous system and, like ACh, it has been implicated in the highest brain func​tions.  NE is closely related to dopamine (DA), which was accept​ed as a neurotransmitter in the 1950s.
  


Dopamine serves myriad functions.  It is universally recog​nized as the neurotransmitter responsible for whatever "reward" circuits exist and its levels and activity account for the ef​fects of amphetamines and of cocaine, respectively.  In fact, DA may ultimately underlie all addictions.
  In addition, DA has long been known to be important in motor control and its lack is the primary cause of Parkinson's disease.  If that were not enough, an excess of DA occurs in schizophrenia and antipsychotic drugs like chlorpromazine have their effect through decreasing the amount of DA in the brain.
  Schizophrenics are characterized by lack of emotion, yet they appear to have too much (or too effective) DA - yet, DA is the neurotransmitter subserving the "pleasure/reward" circuits.  


The final classic neurotransmitter is serotonin, first isolated from blood in the 1940s.  Serotonin derives from the amino acid tryptophan and is often called 5-HT.  It has been implicated in the control of eating, mood, sleep, and arousal, as well as in the regulation of pain and the occurrence of dreaming.


These were the four neurotransmitters known to be acting in the central and the peripheral nervous systems in the 1950s.  However, during the following decades literally hundreds of new substances were proposed as neurotransmitters.  Their numbers preclude enumeration and the reader is referred to a text such as Carlson's or Kalat's.


The complexities of neurotransmitters were not known to Olds and Milner in the early 1950s when they tried to show that they had indeed discovered "pleasure circuits."  There are complications and we will see that they remain to our day.

tc  \l 1 "ESB and Hedonism                                            # "ESB and Hedonism  


There is good evidence that the rewarding and punishing effects of ESB need have nothing necessarily to do with the pro​duction of pleasure or pain.  Even before the accident that led Olds and Milner to the discovery of the effects of ESB in rats, a surgeon at Columbia University named Robert Heath had electrical​ly stimulated the limbic system in human subjects.  That does not necessarily give us accurate information on the subjective ef​fects of ESB, since these were psychotic patients and their testimo​ny is not always above suspicion.



Heath was trying to provoke some sort of emotional reaction in schizophrenic patients, who are often characterized as lacking in emotional expression.  He knew that Papez had linked the limbic system with the experience and the expression of emotion and so decided to try electrical stimulation of limbic structures on patients for whom nothing else had worked.


This work was begun as early as 1950
 and continued into the 1960s.  No patient reported feelings of great pleasure, though the sites stimulated were often in structures that were later postulated as part of the reward system (e.g., the septum, medial forebrain bundle, and lateral hypothalamus).  Some patients reported some pleasure, especially if they had been in pain.  Others reported noticeable pleasure and continued to report it long after the stimulating equipment was turned off!  Remember, these patients were not the ordinary persons one meets on the street; they were patients in such condition that they had submitted to an operation that included the implanting of electrodes deep in their brains.


In addition to a conspicuous lack of pleasure when parts of the "pleasure circuit" were stimulated, there were no reports of hunger, thirst, or other motives when various parts of the hypothalamus were stimulated, Walter Hess to the contrary.  The typical effect of hypothalamic stimulation was "abdominal discomfort, a feeling of warmth and a feeling of fullness of the head.

tc  \l 1 "Delgado and Punishment                                      # "Delgado and Punishment  


Jose Delgado was not above using theatrics - take the case of "the brave bull," that appeared in many introductory textbooks and was a real crowd pleaser in its day.  Delgado had rented a bull ring in southern California, called the press, and demonstrated how electrical stimulation of the brain "punishment system" could inhib​it aggression - in this case, stop a charging bull.  He had earlier implanted a stimulating electrode in the brain of the bull, which could be activated with telemetry (remote control).  When the big moment came and the cameras were rolling, the bull was released and charged Delgado, who stopped it in its tracks just before it reached him.  The "punishing" stimulation was so effective that Delgado could walk up to the bull and pet it!


That was quite a demonstration.  It had long been known that the brain itself is anesthetic; that is why brain operations can be done without anesthetic, once the skull and the dura have been opened.  So, here was the demonstration of punishment through brain stimulation and it could not be due merely to pain produced by the electrode.


Delgado made no secret of the fact that he was stimulating the caudate nucleus and, to the reporters and their readers and viewers, he may as well have said that he was stimulating the transaxle or the phlogiston or the axolotl.  The fact is that he was stimulating the brain - who cares what part?


But the caudate nucleus (see Figure 9XX) is part of the basal ganglia, which clearly have motor functions in humans and many other animals (except birds).  If the caudate on one side is stimulated in a human, perhaps in an attempt to treat Parkinso​nism, the effect is paralysis, turning of the head in the direc​tion away from the side stimulated, and reports of mental confu​sion.  It is reasonable to suppose that the last effect is the product of the first two.  


How does this relate to the bull?  Films of the charge show clearly why the bull stopped before reaching Delgado; it was too busy turning and, presumably, becoming momentarily paralyzed.  Delgado stopped the bull, but hardly through the activation of a punishment center.
  Other demonstrations are similarly criticiza​ble, but space precludes their discussion.

· tc  \l 1 "ESB, Reward, and Punishment                                 # "ESB, Reward, and Punishment  


Later findings reported by investigators using ESB have been very informative.  The assumptions of the early researchers were too simple - there need not be reward and punishment systems as they envisioned them.  Further, the effects of ESB need have nothing to do with the ordinary experience of pleasure and pain.  What does happen when a rat presses a lever 850,000 times in 21 days for the ESB that each press produces?
   What happens when a cocaine user takes a dose of cocaine?


By most definitions, such brain stimulation is a reinforcer (i.e., acts as a reward), but our ignorance about the nature of reinforcement means that we do not really understand why such stimulation works as it does.  If the taking of cocaine affects dopamine levels in the brain, produces pleasure, and induces the user to take it again later, how is that related to ICS, if at all?  It is now well accepted that ICS and normal "rewards" act by activating dopaminergic brain circuits and by activating the nucleus accumbens to produce dopamine.  Is that enough?  Do we do what we do because constant little jolts of pleasure come from the secretions of dopamine?  Are all of our troubles over?


The work of Valenstein and others may tell us why ESB has the effects that it does, aside from the fact that it produces pleas​ure and we repeat acts that do so.  This means that a line of re​search originally predicated on the belief in specific pleasure and pain systems and in other centers (e.g., aggression) may prove very informative in helping us to revise our categories.  A real clue lies in the finding that both cats and rats also press a lever to turn off ESB.  An experiment by Valenstein and Phillips
 illustrates what happens and how these data might be interpreted if one is seeking specific brain "centers" for pleasure, feeding, and so on.


Rat subjects received electrode placements in what is regarded as the lateral hypothalamic reward system.  They were then placed in a box containing two photocell assemblies, one at each end of the box.  When the rats interrupted one photo beam, they received electrical stimulation of the brain, which continued in half-second pulses until the beam at the other end of the box was interrupted.  What did the rats do under such circum​stances?  They ran back and forth, from one end of the chamber to the other, successively turning on and turning off the stimula​tion.


Then food pellets were placed on the side of the box where interruption of the light beam turned on the stimulation.  What the rats then did was break the beam and pick up a pellet as the stimulation began and carry it to the other side of the box, where the stimulation ended and the pellet was deposited.  To an onlooker, the stimulation could well appear to have elicited the common rat behavior, "hoarding;" what had acted as a "reward" center could also act as a hoarding center.  But that was not the whole story.


When other objects, such as rubber erasers, were placed at one end of the box, these were also carried and deposited, in the same way that the pellets were.  Does this indicate that the stimulation is activating a "hoarding of office supplies" center?  Next, a rat pup was placed at the "stimulation on" end of the box and it was carried across the box and deposited.  Since this resembled the retrieval of pups that occurs as a part of rat parental behavior, one could imagine that a "parental behavior" center had been activated.


But the stimulating electrode was always in the same site; only the material available to be carried was altered.  After this experience, the rats' tendency to carry objects across the floor was so strong that when there was nothing to carry, the animals' occasionally "picked up" their own tail or foreleg, struggled across the box, and "deposited it."  If some specific center were being activated, it is clearly difficult to assign it a name.  Also, although all of the subjects were nominally stimulated in the same hypothalamic region, the individual placements varied quite a bit.  What was going on?


The effect occurred only when the on an off beams were at opposite ends of the chamber; if the same pattern of stimulation were given independently of the animals' position, no carrying occurred.  One can only conclude that when rats are motivated to move back and forth and when this is accompanied by a parallel arousal and calming, they are apt to carry things.  Our old con​ception of specific centers does not seem to help us here.  Later we will discuss one possible explanation for the confusing effects of ICS when considering Glickman and Schiff's theory.

· tc  \l 1 "What About Olds and Milner?
# "What About Olds and Milner?   


Regarding Olds' original findings, Glickman and Schiff suggested that there were actually two ways in which he could have interpreted his data and that the way he chose, consciously or not, was the one in keeping with the psychological thought of the time.  It jibed with the classic view of brain function.  But it was not the only interpretation possible.  If one observes that an animal stays in a place where brain stimulation occurs or that it presses a lever that provides such stimulation, what are the two clearly alternative ways of interpreting that?


First, the subject may be repeating behaviors which were reinforced by the stimulation.  In the presence of the lever, pressing was folloowed by ICS and the S-R link between lever and pressing (S and R) was strengthened by the effects of ICS.  Hence, the subject is more likely to press the lever in the future.  But lever pressing maintained by ICS does not continue if there is a delay imposed between response and consequence; resistance to ex​tinction is virtually absent and there must be no intertrial inter​val of more than the slightest duration.


The second interpretation is that ICS may facilitate whatever behavior is already occurring.  Because of circumstances, the subject may locomote, or manipulate (as in bar pressing), or eat, or attack prey, or engage in sexual behavior and brain stimulation merely facilitates these activities.  The reinforcing effect lies not in the consequence of the action (i.e., pleasure produced by ICS), but in the "kick" it gives to these basic behaviors already occurring.  This may indeed be pleasant to the subject, though this is questionable and irrelevant, but the pleasure comes not from the activation of a "pleasure network."  It comes from the carrying out of species-specific consummatory behavior - one of the "basic behaviors" coded in the brain stem.


According to this reasoning, a "potent reinforcer," such as saccharine, is such because it reliably activates one of these basic behaviors - eating.  Anything that activates one of these basic approach behaviors is a reinforcer and anything that acti​vates a withdrawal behavior is a punisher.  


Any input, whether from the senses, the limbic system (as in intracranial stimulation), or nonsensory cortical areas, may trigger one of these basic behaviors.  In most cases, all of these inputs probably act together, summing, filtering, and otherwise altering input until the brainstem reticular formation is stimulated and a basic behavior is released.  The experience of emotion may depend upon limbic mechanisms, as Papez suggested, but the normal stimula​tion of these areas may result from the activation of motor patterns coded in the brain stem.  Thus, the feeding center of today is the sex center of tomorrow, if the environment is changed in the appro​priate way.

tc  \l 1 "Hubel and Wiesel                                            # "Hubel and Wiesel     


A final instance of precise localization of function in the brain came from the Nobel Prize winning work of Hubel and Wiesel
 that demonstrated the existence of specific kinds of receptive units in the visual cortex of cats.  These researchers found that there are several kinds of cells in the visual cortex that respond to very specific kinds of stimulation.  "Simple cells" respond maximally to specific orientations of line, bar, or edge.  "Complex cells" re​spond when the retina is stimulated by specific orientations of edges or lines that move in a specific direction.  Finally, "hyper​complex cells" respond to specific orientations of lines that are of quite limited length and width; these are the so-called "bar detec​tors."  The discovery of such specialized units seemed to be the final bit of evidence necessary for those who believed in precise localization of function in the brain.  



The signals from the two eyes remain separate when they reach the visual cortex - area VI, layer 4C - and the term ocular dominance columns was coined to refer to this.  That is, there are bands of cells that are responsive to input from either the right or the left eye.
  Some units in the visual cortex respond only to movement in one direction and some cells are binocular, responding to input from both eyes.  These binocular cells tend to occur in the superficial layers of visual cortex and must include cells sensitive to binocular disparity, as we saw in Chapter 9.  Evidence for such units was summarized by Wandell.
 It appears, based largely on 25 years of work by Hubel and Wiesel, that there are "columns" or "streams" that carry specific kinds of information to the visual cortex.  These streams include coding of location, movement, color, and in the higher cortical areas, depth as a function of retinal disparity.

tc  \l 1 "The New \"Neuron Doctrine\"
# "The New Neuron Doctrine   


The battle for the synapse, the reflex, and the neuron doctrine of the late 19th century was won by Sherrington and his supporters.  In the late 20th century a new version of the neuron doctrine has arisen and this theory will be a loser.  Proposed by Horace Barlow,
 this neuron doctrine proposes that the receptive fields for a neuron corresponds to the percept that arises when that neuron fires.  According to Wandell,
 "you will see the idea expressed many times as you read through the primary literature and study how investigators interpret the perceptual significance of neural responses."  


According to the neuron doctrine, our perceptual experience is built up from orientations, motion, binocularity, and activi​ties of complex cells, all combining in area VI, almost like Titchener's sensations were assumed to combine.  Yet, it is known that one cannot predict the experience generated by isolated receptors - knowing that a L cone is highly stimulated does not mean that you will be seeing red.  Color depends not only on the activity of the L cone, but of M and S cones, both nearby and distant, as well as other context, expectations, and so on.  Even Hubel and Wiesel sometimes act as though this doctrine were true, though they know otherwise, as they testify below:
 

What happens beyond the primary visual area, and how is the information on orientation exploited at later stages?  Is one to imagine ultimately find​ing a cell that responds specifically to some very particular item? (Usually one's grandmother is selected as the particular item, for reasons that escape us.)  Our answer is that we doubt that there is such a cell, but we have no good alterna​tive to offer...There was a time, not so long ago, when one looked at the millions of neurons in various layers of the cortex and wondered if anyone would ever have any idea of their function.  Did they all work in parallel, like the cells of the liver or the kidney, achieving their objec​tives by pure bulk, or were they each doing some​thing special?  


Of course there is localization of function in the brain!  But that does not mean that our experience is a conglomeration of elementary sensations from the activities of individual receptors.  And it does not mean that there are discrete structures storing our memories, causing our moods and emotions, and producing our drives.  Beginning in the 1960s, the psychological categories used by brain researchers began to leave the realm of common sense "faculties and motives."  The brain became more complicated, but more intelligent. 

tc  \l 1 "The Development of Vision
# "The Development of Vision   


Helmholtz proposed that perception is dependent on the unconscious inferences that are engendered in childhood.  Follow​ing Berkeley and John Stuart Mill, he believed that the perceived world of objects in space is the product of learning.  This is not learning arising from explicit training by a teacher - uncon​scious inferences are modes of perceiving that inevitably result from the sensory experiences that we have.  The adult spatial world does not exist for the infant - its acuity is so poor that it can barely see until it is several months old, so we should not be taken in by the lore about infants a few days or weeks old who respond to drawings with dots and lines resembling human faces!
 It proves entirely natural for us to assume that the infant is far wiser and more perceptive than is actually the case and that perhaps its smile is directed toward us and it "loves us."  A similar situation exists for those who become overly attached to pets and thus attribute all sorts of human characteristics to them.  But the humanizing of animals is more likely to be justi​fied, since the human infant cannot begin to compare intellectual​ly or emotionally with an adolescent or adult animal pet.  Let us consider what a young infant can see and what that tells us about interpretation of its behavior.  We will see to what extent Helm​holtz and his predecessors
 were correct and in what ways the nativists, like Reid and Kant, were right.

· tc  \l 1 "The Development of Infant Vision
# "The Development of Infant Vision   


How do we assess the visual capabilities - or any capabili​ties - of a very young infant?  The problem is even greater than is the case for an animal, such as a dog, cat, rat, or pigeon.  Animals can be deprived of food and trained to "communicate" by pressing levers or pecking keys.  But we cannot use these methods with very young animals, and we cannot use them with infants, for the same reasons.  Even a nonverbal subject must be ambulatory and capable of manipulation of objects if such methods are to be used.


Infants' perceptual abilities are studied in several simple ways,
 the most popular being preferential looking, a method that takes advantage of the fact that many organisms, including in​fants, look toward new stimuli and displays that have patterns, contrasts, colors, and so on, versus homogeneous displays, such as a gray wall.  Infants older than four months may also show sponta​neous reaching.


Along with preferential looking, the phenomenon of habitua​tion is useful as an indicant of infant perception.  Habituation appears as decreased response to repeated stimulation and occurs when stimuli are repeatedly presented, so as to become familiar.  A nerve that is stimulated repeatedly at short intervals will decrease its firing rate and our startled flinch to the sound of nearby gunfire diminishes with repetition.  By the same token, we tire of monotonous and familiar visual displays and so do infants.  If we present two faces to the infant and it prefers to look at one, it is likely that the nonpreferred face is familiar and the infant has habituated to it.
  The orientation to novel stimuli is an example of an orienting response, made famous by students of Pavlov,
 but this term has not been widely used by developmental psychologists.
 Before an infant is three months old, its vision is abysmally poor and any thought that such an infant recognizes faces or face-like patterns, or facial expressions, or depth is in error.  After three months a lot changes and the infant is far more compe​tent.  But three months is plenty of time for an infant to con​struct a reality through association or some other learning meth​od, the process envisaged by Berkeley, Helmholtz, and others.  What is the not-yet-three-month-old infant like?

· tc  \l 1 "Infants' Color Vision\: No Blue
# "Infants' Color Vision: No Blue   


At four or five days' age, infants prefer to look at displays colored red, green, or yellow, rather than at a gray display.  Clearly, this means that they can discriminate those three colors from gray and, presumably, from other colors.  Interestingly, they do not exhibit a preference for blue until much later, after two to three months.  The reasons for this lie in the fact that the chromatic
 receptors for short wavelengths - blues - develop more slowly than do those for medium and long wavelengths - greens and reds.  Further, the number of blue receptors is only three to four percent of the population of cones, a fact that is particularly important in the fovea.


Our greatest visual acuity depends on a small patch of the retina where the image is focussed when we fixate on something and which is jammed with millions of cones.  But only a tiny minority are blue cones, so that something that looks bluish green when seen out of the corner of our eye looks entirely green when we fixate on it.  The numerical disadvantage for blue is greatest in the fovea.  Blue receptors are also more primitive, in the sense that they are due to genes that are very different from the genes governing red and green cones.

· tc  \l 1 "Visual Acuity\: Not Quite Blind
# "Visual Acuity: Not Quite Blind   


Berkeley and Helmholtz assumed that the sorting out of the world of space takes some time and it is no surprise to learn that an infant's visual acuity develops along with this process.  For those who believe that an infant who has been alive for only a few hours, or days, or weeks can recognize human faces and the like, consider the data.  An infant of one month has visual acuity ranging from 20/400 to 20/600; let's consider 20/500 as average.  That means that if you can clearly see something a football field and a half away,
 a month-old infant can only see it as well at twenty feet - little more than a car length.  A mother's face a few feet away - or a foot away - is a blur, because the infant's contrast sensitivity is awful until at least three months.
  The poor acuity owes to the lack of development of cells in the fovea, as well as in the visual cortex of the brain.  Development that allows an approximation of adult visual acuity requires at least six months.  Adult visual acuity also depends on accommodation, or the curvature of the lens that determines its focus.  Infants have virtually no ability to accommodate prior to three months of age - their acuity is so poor that there is no reason to focus on what they can't see anyway.

· tc  \l 1 "Berkeley and Helmholtz Were Right
# "Visual Pathology: Berkeley and Helmholtz Were Right   


Perhaps the most telling evidence for the effects of environ​mental influence on perception of space (and perception in gener​al) come from research in restricted visual environments during rearing and "nature's equivalents" that happen to human children.


We have, as do cats, dogs, monkeys, and other animals, cells in our visual cortex that respond to specific aspects of the environment.  For present purposes, consider cells that respond specifically to vertical lines, to horizontal lines, and to reti​nal disparity.
  For decades it has been known that early restric​tion of stimulation can greatly influence the number of such cells that operate properly and even their proportional representation.


For example, kittens raised in a cylinder of vertical bars for five months later seemed blind to horizontal stripes.  Simi​larly, cats raised in a world of horizontal stripes were oblivious to verticals.  When a rod was held in front of one of these cats and shaken, the cat reached out and played with it if it was a vertical rod and the cat was vertically reared.  Otherwise the rod was ignored.  Horizontal-reared cats were sensitive only to hori​zontal rods.  Recordings from cortical cells showed that early rearing determined whether responding to vertical or to horizontal was predominant.  The other kind of cell either converted to the rearing orientation or atrophied through disuse.
  


In other experiments, eye muscles have been cut in kittens and monkeys have worn goggles with prism lenses, both done to prevent alignment of the eyes for normal binocular vision.  Later such subjects show a permanent lack of cortical cells that respond to retinal disparity - binocular cells.  One cannot help but wonder what happens to a child who wears an eyepatch during an extended period, as is frequently the case after eye surgery.  As we might suppose, effects can be serious and permanent.

tc  \l 1 "Early Visual Experience in Humans
# "Early Visual Experience in Humans   


If an infant's eye is occluded during the first year, follow​ing an eye operation, for example, the acuity of that eye is apt to be reduced for life.
  The same effect occurs in other animals and is called stimulus deprivation amblyopia - amblyopia referring to decreased acuity.  In other cases, infants suffer from strabis​mus, meaning that the muscles controlling the two eyes are not balanced and thus the eyes don't move in a coordinated way.  When this condition is induced in laboratory animals, by cutting eye muscles, there is a loss of cells in the cerebral cortex that respond to the input of both eyes.  This loss of "binocular cells" occurs naturally in children as well, but can be prevented if the muscle imbalance is surgically corrected before the age of four to five years.  It appears that binocular vision develops beginning in the first year, reaches its maximum development during the second year, and declines after age four.  Hence, results are better the earlier in life that corrective surgery occurs.


This means that the development of vision is dependent not only upon maturation of receptors in the retina, but upon the experience of cells in the visual cortex of the brain.  As Berke​ley and Helmholtz proposed, the world is largely the product of custom.  That is, brain cells appear to be malleable enough to allow many different sensory worlds, much as Helmholtz predicted when he wrote of the effects of growing up inside the egg-shaped planet.  Stimulation of a given kind (e.g., vertical lines) promotes the appearance of cortical cells that respond specifical​ly to vertical lines.  The notion that the world so molds us to its likeness was also proposed by Herbert Spencer in 1855 and later by Stratton, Carr, and other functionalists of the turn of the early twentieth century.

· tc  \l 1 "Astigmatism
# "Astigmatism   


If the empiricists' case needed any more support, effects of early astigmatism would offer it.  Astigmatism is a common condi​tion, in which blurring is caused by distortion in the cornea.  This blurring tends to be concentrated on either vertical or horizontal orientations.  This means that a child who has astigma​tism that is left uncorrected by glasses lives in a world in which either vertical or horizontal lines are sharp and clear, while the other orientation always appears fuzzy.   
Such a child seems molded to the astigmatic world it sees and, as an adult, can be shown to have meridional amblyopia, or astigmatism that cannot be corrected with glasses.  That is be​cause the deficit was initially a fuzzy retinal image - for either verticals or horizontals - focussed on the retina.  However, in time, that produced a permanent deficit in cortical neurons that respond to vertical or horizontal.  Even with glasses that produce a perfect image on the retina, these people still blur horizontals or verticals.  The effect can be demonstrated with a sunrise chart, composed of radiations fanning over a horizontal line and thus resembling a rising sun.  Either verticals or horizontals will be seen as sharp, while the other is blurred.  These findings are supported by recordings from cortical units in the brains of cats and by data from scalp electrodes recording visual evoked potentials in astigmatic humans, even when the retinal image is optically corrected.
  Our early environment determines what our brain cells respond to.  That's what happens when you grow up in the world of Helmholtz's Optics.

tc  \l 1 "Timeline
# "
Timeline   

1843
 Former Boston schoolteacher Dorothea Dix, 41, reveals inhumane treatment of mental 
patients to the Mass.legislature.  The public is apathetic, but the legislature enlarges Worcester asylum.  Dix will work for 40 years in various states on this project.


Atlanta, Georgia is named Marthasville after Martha Atlanta Thomson, daughter of Governor Wilson Lumpkin. It was named Terminus and will be renamed Atlanta in 1847.


The S.S. Great Britain is the first iron ship and first screw propeller ship to cross the Atlantic.  She is 322 feet long, her dining room seats 360, and she is first of a kind that will dominate sea trade.  The ship is finally scuttled in 1937.


Worcester, Mass. inventor Charles Thurber, 40, patents a typewriter with a space bar and a moving cylinder.


First Christmas cards sent - by London museum director Henry Cole.

Dane Soren Kierkegaard's Either-Or repudiates Hegel, founds existentialism.


The Virginia Minstrals give the first minstral show, in New York.  Directed by Daniel Emmet, 28, they are
 gaudily-dressed blackfaced whites who give their impressions of southern blacks.


Skiing for sport begins in Tromso, Norway.


First reference to "cigarettes," on a list of goods controlled by French monopoly.  The paper-wrapped little cigars have been produced in Cuba for half a century.

Scottish settlers in New Zealand strip millions of acres of forests for sheep raising - causes great erosion.

Japan's capital, Edo, has 1.8 million, second only to
London.  The nation's population of 30 million is controlled by infanticide.  Usually 2nd and 3rd born sons are killed, since daughters married off or sold.

1844
Karl Marx, 26, writes that religion is the "opium of the

people."  He exiles himself from Cologne to Paris.


Samuel Laing, 31, writes on the "National Distress" of  Britain, describing the misery of the working class with the advent of machinery.  Only about 1/3 live decently.


YMCA founded, in London, by dry goods clerk GeorgeWilliams, 23, derived from prayer meetings with fellow workers.


Boston dentist Horace Wells, 39, pioneers dental anesthesia with nitrous oxide, removing his own tooth. A demonstration at Harvard next year goes badly.


Crawford Long in Jefferson, Georgia, uses ether in childbirth when his wife has their second child.

Edward Judson, 21, earned a Navy midshipman's commission at 15, published adventure stories under the name Ned Buntline, will track down and capture two fugitive murderers next year, publish Ned Buntline's Own at Nashville, be arrested the year after for shooting and killing the husband of his mistress, somehow survive a lynching, and start a magazine in New York.


Margaret Fuller is editor of transcendentalist magazine The Dial.  She is a feminist and author of Summer on the Lake.


Lydia Child, Boston abolitionist, writes "The Boy's Thanksgiving," beginning, "Over the river, and through the woods/To Grandfather's house we go..."


The great auk becomes extinct as the last one is killed by collectors on a small island west of Iceland.  A flightless bird, for centuries auks swam 3,000 miles from North Carolina's outer banks to nesting sites off Iceland and Greenland.  They were originally used as bait by fishermen, then wantonly shot and clubbed for
 flesh and feathers.


Friedrich Engels, 25, writes of exploitation of workers in England, where his father has a cotton mill.

1845
Scientific American begins publication, in a newspaper format, in New York.


The Police Gazette begins publication as a scandal sheet.


New Bedford, Mass. reaches its pinnacle as whaling port.


Potato crops fail due to fungus - in Europe, British Isles. Famine attributed to the wrath of God kills 2.5 million from Ireland to Moscow.

Benjamin Disraeli criticizes the use of the opiate laudanum by British mothers and nannies to quiet children.

1846
Carl Zeiss opens an optical factory at Jena.


James Smithson, illegitimate son of the late duke of
Northumberland, leaves 100,000 pounds to found the Smithsonian Institution.


Ether is used by Boston dentist Thomas Morton, 27, on himself and his dog and demonstrates it for surgeon John Warren at Massachusetts General Hospital.  



Oliver Wendell Holmes suggests that ether be called
"anesthetic."


Rotary "lightning press" is patented by New Yorker Richard
Hoe, 34 - it is far faster than flatbed presses.

Famine sweeps Ireland, British conservatives ascribe it to the divine hand of Providence.


Nancy Johnson in New Jersey invents a portable, hand cranked ice cream freezer.

1847
Marx and Engels publish The Communist Manifesto, urging

"Workers of the world, unite!"


Italian chemist Ascanio Sobrero, 35, discovers  nitroglycerin, using glycerol with nitric and sulfuric acid.

U.S. tailor Ebenezer Butterick, 21, invents method of paper patterns for dressmaking.


Scottish physician James Simpson, 36, discovers the
anesthetic properties of chloroform.


New York has 400,000, and 16 daily newspapers.


Hanson Gregory, 15, a baker's assistant in Camden, Maine, creates first ring doughnuts.

1848
The first women's rights convention opens at Seneca Falls, New York, led by Elizabeth Stanton, 33, and Lucretia Mott, of 1833 anti-slavery fame.

Gold is discovered in California by New Jersey prospector
James Marshall, 38 while working on a sawmill for
Johann Sutter.


John Jacob Astor dies at 84, leaving 20 million dollars acquired in the fur trade and real estate.


British mathematician William Thomson, 24, proposes an absolute scale of temperature.


Alfred Russel Wallace, 25, and a colleague travel to Brazil.  Wallace spends 40 days alone in the forest collecting insect specimens, all of which are lost when his ship burns on the way home.


The American Association for the Advancement of Science is founded in Philadelphia, after 17-year old British model.


American anesthesia pioneer Horace Wells is jailed in New York while under the influence of chloroform and commits suicide at age 33 in a fit of apparent despondence.


John Simon creates British Health Service and the science of epidemiology.

Solid gutta-percha golf ball replaces the leather-covered, feather-stuffed ball used in Britain for centuries (see 1457).  Made from rubber like gum of sapodilla tree in SE Asia, the new ball travels 25 yds further, is used by professional Tom Morris.


Failure of the liberal movement in the German states
leads to emigration of many young men toWisconsin.

1849
Harriet Tubman, Maryland slave, 29, escapes to the North and helps upward of 300 others escape on the Underground Railway that started in 1838.


Canadians seek annexation to the U.S. as economic depression grips the country following repeal of the British Navigation Acts.  The Acts end restrictions on foreign shipping.


French physicist Armand Fizeau, 30, establishes the
speed of light at approximately 186,300 miles/sec or 300,000 km/sec.


Cholera spread by gold rush emigrants wipes out leaders of Comanche tribe, who still resist settlement of  their lands around the Texas panhandle.

The first woman M.D. graduates at the head of her class at Geneva Medical College in Syracuse, N.Y.  Elizabeth Blackwell, 28, was ostracized by other students, will play an important role in U.S. medicine.


Safety pin patented by New York sewing machine inventor Walter Hunt, who sells patent for $400.


French inventor Joseph Monier, 26, patents reinforced concrete, though no building of more than two stories will use it for 54 years.


Johann Strauss, Viennese waltz king, dies of scarlet
fever at 45.  His son will carry on, eclipse him.


Moscow's Kremlin Palace completed after 11 years.

U.S. Department of the Interior created.


Thousands of farmers, deserted by laborers gone to California, buy

 $100 McCormick reapers.

1850
U.S. President Taylor dies of acute gastroenteritis at age 65 on July 9 

after downing large quantities of iced cherries and ice milk at a July 4 celebration

in which the cornerstone was laid for the Washington Monument.


The first national women's rights convention opens at Worcester, Massachusetts, 

largely due to Lucy Stone, 33, Oberlin graduate, who will organize conventions

for years.


Congress abolishes flogging in the U.S. Navy.


Britain enters an era of prosperity as she embraces free trade principles and

 removes tariffs on foodstuffs.
 Formerly a food net exporter, England becomes a net

importer, balanced by manufacturing in the country.


American Express Co. formed by a merger of Wells & Co., Livingston, Fargo, & Co. and a firm founded by upstate New Yorker John Butterfield, 49.


New York shirtmaker Oliver Winchester, 39, begins 
the manufacture of arms in New Haven, Connecticut.


Americans use energy at a rate not reached by other advanced countries for 120 years.  But 91% of its energy comes from wood and the rest from whale oil.


U.S. actor-inventor Isaac Singer invents world's most popular sewing machine.  He watched Boston mechanics trying to repair a primitive sewing machine while
waiting for his wood carving machine to be repaired.


German Rudolf Clausius, 28, discovers second law of thermodynamics, showing that heat cannot pass from a colder to a warmer body.


Only half the children born in the U.S. until this year
have reached age five.  The percentage will increase dramatically.


Hermann Helmholtz, 29, invents the ophthalmoscope.


Harper's Monthly begins publication.


Bavarian-American entrepreneur Levi Strauss, 20, introduces "bibless overalls."  By 1853 his San Francisco factory will be booming and he will switch from canvas to denim.  Since denim rarely dyes to the same shade of gray, brown, or light blue, he will order deep indigo blue as standard color.


Pinkerton Detective Agency opened in Chicago by Scotch-American Allan Pinkerton, 31, who was a deputy sheriff and later Chicago's first and only police detective.


The Brooklyn Institute imports eight pairs of English sparrows to protect Brooklyn, N.Y. shade trees from caterpillars.


Millard Fillmore installs the first White House cooking stove, but protesting cooks prefer fireplace.


The world's population reaches 1.24 billion by some estimates, more than twice its number two centuries ago.

tc  \l 1 "end
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Unforgettable Major Points





Von Haller’s “irritability” is an extremely important concept – in a sense, it united mind and body as Aristotle had done.


The discovery of structure/function relations by Galvani, Volta, Fritsche & Hitzig, and others led to misinterpretations by Broca, Penfield, and others.


Karl Lashley’s work was the culmination of the futile search for localization of functions based on ordinary language categories, like “memory.”





Unforgettable Points





We should wonder why the VMH and the LH were treated as the “satiety center” and the “feeding center” for decades.


Too often research is driven by public clamor for progress.


The structure/function relation may hold, but the functions are often not easily named.


We would like to believe that there is a specific “aggression center” in the brain, so that we may be able to better control aggression.


The doctrine that there are “pleasure centers” in the brain relies on the simple philosophy of hedonism and led to research that should shame us.
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Unforgettable Major Points So Far





Localization of function has always been the dominant theme in brain research.


The difficulty is assigning the correct name to a function.  “Attention,” “memory,” “hunger,” and the like are probably not the right names.


Phrenology was never accepted by scientists or by educated people in general.


Fads similar in kind to phrenology are offered to us daily, by drug companies selling happiness and slim bodies, by “motivational experts,” and by others who take advantage of our gullibility.  


“Left brain/right brain” differences, or “laterality” effects represent part of the legacy of phrenology.





Franz Josef Gall





Johann Gaspar Spurzheim





Harriet Martineau





George Combe








�   Charles Thorold Wood, 1838, in Cooter, p. 184


�   Cooter, p. 22





�   He was also an expert anatomist and was the first to distin�guish the white and the gray matter of the brain.


�   also called craniologist, zoonomist, physiognomist, and other things.





�   There is no better source on the subject of brain function and localization that Oliver Sacks' Awakenings and his commentary on the making of the movie.  


�   Gregory, R.L. (Ed.)(1987). The Oxford companion to the mind. Oxford: Oxford University Press, pp. 619-620.  Richard Gregory was editor of the volume and author of the particular entry quoted.





�   Ross Buck, 1988, Human motivation and emotion, Wiley, p. 126.  The hippocampus has been implicated in memory, emotion, memory consolidation, retrieval, attention, arousal, movement, inhibition, orienting, spatial mapping, and anxiety.  And it probably is involved in even more than that.


�   Largely due to the Scottish School, especially Dugald Stew�art.  Franz Josef Gall, the founder of phrenology, was almost certainly not influenced by Scottish faculty psychology.





�   Cooter, p. 22


�   1758-1828.  Gall was a German-born Viennese physician.


�   Etienne Bonnet de Condillac (1715-1780) criticized Locke for adding the faculties covered by "reflection" to sensation as the source of all ideas.  His "sensationalism" inadvertently employed common sense faculties and that is what Gall criticized.





�   Roger Cooter, The cultural meaning of popular science.  Cambridge, UK: Cambridge University Press, 1984, p. 4.





�   An idea that will not die - see, for example, J. A. Fodor (1983) The modularity of mind, Cambridge, UK: Cambridge Universi�ty Press.





�   Gall's data and what would later be called correlations of faculty and brain site were better by far than modern data in personality assessment.


�   The name of which is related to "schizophrenia."  "Phrenic" refers to the nerve that innervates the diaphragm and allows breathing - hence, the nerve regulates the pneuma, or soul.


�   See Max Weber, 1901, David McClelland ca 1965


�   Quoted by Cooter, 1984, p. 197.


�   1828, Edinburgh: Maclaclinas - the book sold over 100,000 copies and Combe was immensely popular and adored by academics.  He was offered a professorship at the University of Michigan, probably an unattractive offer in the mid-nineteenth century.





�   Cooter, pp. 184-185


�   footnote - reference


�   PP of P, Vol II, p. 11.  Note that the last sentence of the quotation - as we saw in Chapter 2, the Ionians were material monists, hence they did not differentiate mind and body.


�   Ditto, p. 32.


�   1915 - Instincts and their vicissitudes.


�   P of PP, p. 33.


�   Brown thus followed Hobbes in viewong attention as a second�ary phenomenon and thus not active.


�   P of PP, p. 35.


�   Thorndike & Woodworth would demonstrate this to be the case in 1901 - see Chapter 12.





�   Ditto


�   P of PP, p. 49.  The similarity with Hobbes is never noted.


�   P of PP, Vol II, Sec II, pp. 54-


�   Rudiments of some of them may exist in animals.





�   Notice that the same term was used by the Aristotelians of the middle ages - Avicenna and Aquinas.





�   The position of Hobbes, Condillac, Hume, and others.


�   The reasonableness of the view that pleasure is not a uni�tary thing was evident to others, especially McDougall, who translated the language of faculties to instinct (see Chapter 12).


�   Claude Adrien Helvetius (1715-1771) was a Frnch philosopher and encyclopedist, author of The Mind in 1758.  His views influ�enced later utilitarianism (see Chapter 7).





�   P of PP, p. 64-65.


�   The doctrine of predestination is the most extreme case of nativism.





�   PP of P, p. 64.


�   Konrad Lorenz' Leerlaufreaktion, or the spontaneous occur�rence of an instinctive action when energy has been bottled up because no releasing stimulus has presented itself.





�   Ibid, p. 69.





�   Ibid, p. 71-72.


�   P of PP, p. 80.


�   1950, p. 207.


�   1890


�   This applies to Stewart's faculty list as well.  It was Klein (1970) who made the comparison with chapter titles in defending Reid.


�   1758-1828.


�   See H. D. Spoerl, Character and personality, 1936, 4, 216-231.





�   1788-1858


�   1834


�   1834, p. 198


�   p. 199


�   p. 200


�   Ibid, p. 201.


�   Modern opinion holds that the situation is actually the reverse and that changing social conditions leads to changes in "mental condition."  See Chapter 16


�   A primary source for this section was Brazier, Mary A.B. (1959). The historical development of neurophysiology. In Field, J., Magoun, H.W., & Hall, V.E. (Eds.) Handbook of physiology: Section 1: Neurophysiology, Vol. 1. Washington, D.C.: American Physiological Society, pp. 1-58.


�   1794-1867


�   Flourens, P. (1842/1846). Examen de Phrenologie. Paris, 1842.  English translation by D. de L. Meigs, Phrenology exam�ined. Philadelphia, 1846,





�   Flourens, 1824, excerpted in Brazier, 1959, p. 44.


�   ibid


�   ibid


�   ibid


�   Galvani was a physiologist, Volta a physicist


�   1708-1777


�   Brazier, p. 14.


�   1950, pp. 39-41


�   1737-1798


�   1745-1827


�   electricity is actually never stored, as materials are.  But is seems that way.





�   Boring, 1950


�   Bernstein showed that neural transmission was a wave of negativity, as occurs in injury, in 1866.  In 1902 this was sown to be a wave of depolarization.  All-or-none- conduction was demonstrated by Lucas and Adrian in 1916 for nerve and earlier - in 1871 - by Bowditch for heart muscle.


�   1774-1842


�   He also anticipated the doctrine of specific nerve energies (see below), studied the muscle sense, and showed the reciprocal ennervation of flexor and extensor muscles.


�   1783-1855


�   circa 190 A.D.


�   1890, The Automaton Theory in the Princples


�   1906


�   Sechenov, I.M. (1863/1965). Reflexes of the brain. Cam�bridge, MA: MIT Press.


�   Boring 1950, p.


�   1870


�   1874


�   1906


�   Judith Swazey, 1967


�   1971  Languages of the brain............Pavlov was greatly influenced by Sherrington's views on integra�tive action and his model for brain function is directly analo�gous to Sherrington's model for spinal cord function.  See Ma�lone, John C. (1990). Theories of learning. Belmont, CA: Wads�worth.





�   1861


�   1971


�   e.g., 1958


�   Lashley, 1950?


�   Thompson & Robinson, 1978.


�   Honzik (1936) criticized Lashley's procedure, on grounds that removing more cortex was merely removing more input from sense organs.  But Lashley showed that destruction of sense organs had its own separate effects.  Pavlov's (1931) critique was more to the point:  how can one use three mazes to make general statements about intelligence?





�   see Chapter 15


�   see Chapter 14


�   Pribram, 1971; Thompson & Robinson, 1977.


�   1970


�   Lashley, 1950


�   Lewin, Roger (1980). Is your brain really necessary? Science, 210 (12), 1232-1234.





�   It was also the title of a videotape advertised for sale or rental by a company in Princeton, New Jersey in late 1991.  Judging from the advertisement, Lorber was not involved and the causes of brain damage were different, but the point was the same.


�   Lewin, p. 1232.


�   1973


�   1971


�   1970


�   19


�   That status was conferred by Broca, of course.


�   see Moruzzi & Magoun, 1949; Hebb, 1954.


�   1955


�   Glickman & Schiff, 1966; Valenstein, 1973.  


�   Shared with Egas Moniz, the Portugese surgeon who popular�ized the prefrontal lobotomy after observing Karl Lashley's lobotomized animals at the University of Chicago.





�   Hetherington, A.W. & Ranson, S.W. (1942). Hypothalamic lesions and adiposity in the rat. Anatomical Record, 78, 149-172.





�   1970


�   Anand, B.K. & Brobeck, J.R. (1951). Hypothalamic control of food intake in rats and cats. Yale Journal of Biology and Medi�cine, 24, 123-140.
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