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Science is nothing but trained and organized common sense, differing from the latter only as a veteran may differ from a raw recruit and its methods differ from those of common sense only as far as the guardsman's cut and thrust differ from the manner in which a savage wields his club.

The great tragedy of science - the slaying of a beautiful hypothesis by an ugly fact.

A good many times I have been present at gather​ings of people who...with considerable gusto have been expressing their incredulity at the illitera​cy of scientists.  Once or twice I have been provoked and have asked the company how many of them could describe the Second Law of Thermodynam​ics.  The response was cold; it was also negative.  

Questions to be Answered in this Section

1. Where did psychological research first originate and why?

2. What resulted from the separation of research and educational establishment in France and in England?

3. What influence did Kant’s idealism have on English universities?

4. How did Cavendish, Priestly, Boyle, Darwin, James and John Stuart Mill affect English science?

5. What was the problem with America’s academics during the 19th century and what was done to improve higher education?

6. What influence did Germany have on American education and experimental psychology?  

tc  \l 1 "The Supremacy of Germany and the Beginnings of Modern Psychology# "The Supremacy of Germany and the Beginnings of Modern Psychology

Psychological research, or psychology as a science, began in German universities during the nineteenth century because Germany was the only place where organized science existed, at least as we came to know it during the twentieth century.  Until 1920 there were more psychological research publications in German than in any other language and German domination extended to the traditional sciences as well.
  The position of leadership in science that Germany enjoyed owed to its university system and to its ensuring the mixture of research and teaching.


The German educational system featured self-perpetuating laboratories and research groups organized around the most emi​nent scientists of the time.  Thus, leaders like Müller, Weber, Helmholtz, Brücke, and many others worked within the university structure and established research programs that continued over generations.  This was not the case elsewhere in Europe or in America.


Further, Germany established the first modern
 university, at Halle, in 1694.
  The writings of Descartes and Bacon, printed in German, replaced the Latin scholastic texts still used elsewhere in Europe.
  The famous practice of Lehr- and Lernfreiheit, or freedom of both professors and students to teach and to learn what they wished, was promoted in German universities as early as the early eighteenth century.  


In 1807 the Treaty of Tilsit
 meant that Halle was no longer part of the German states and a new university was established at Berlin with von Humboldt
 as director of instruction.  Lectures and seminars replaced student recitations and chairs were estab​lished for the most distinguished professors.  Key to the system was the close involvement of students with professors, scholar​ship, and research.  This ensured a continuity of scholarly en​deavor that was unique at the time.
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In contrast, France released the best scientists from the in​struction of students, so that they were wholly divorced from educational curricula.  Perhaps as bad, the universities were divided into separate schools (faculties) regulated by restrictive bureaucracy.  The complete separation of research and teaching left the best scholars and scientists with special privileges as professors at the College de France but with absolutely no influ​ence on education or educational policy at any level.  Research and the educational establishment were utterly separate, having a disastrous effect on the training of potential scientists.


The situation in England was even worse.  The only universi​ties in all of England before 1836 were Oxford and Cambridge and both of them were largely devoted to ecclesiastical training.  Particularly at Oxford, eloquent professors defended a form of idealism based on Kant and bitterly resisted the development of science.  The establishment of the University of London in 1836 improved matters, but that was, after all, only one university.  Scotland and Ireland were far better off, having had universities at Aberdeen, Edinburgh, Glasgow, Belfast, and elsewhere, but in England science was not done at universities - it was the avoca​tion of wealthy and talented amateurs, such as Cavendish, Priest​ly, Boyle, Darwin, and their like.   Others, like James and John Stuart Mill, were not wealthy, but had occupations that afforded the time for scholarship.  


The Royal Institution in London was a product of the separa​tion of universities and research, since it was expressly estab​lished as a research institution supported by private funds and unconnected with any university.  In both England and France, the influence of the church on education drove many away to private societies and academies.  But even after the reforms following the French Revolution, the French university system remained a bureau​cratic organization unattractive to foreigners.
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The situation in the United States was worse even than that.  When Edward Thorndike was a student at Wesleyan University in the 1890s, the two physics texts were translations from French origi​nals.
  Not only was America behind Europe in higher education, but it had no real universities until 1890.  There were, of course, academies and colleges long before that time, but they were closely related to the church and were typically anti-scien​tific.  Their philosophy was largely that of the Scottish School of Common Sense,
 a view which we have seen was not congenial to creative research and scholarship.  


Typically, a master's degree had to be obtained from the baccalaureate (undergraduate) institution and no doctorates were awarded until the 1860s.  If one wanted training in science, philosophy, medicine, or even history, the best advice was to go to Germany - and go many did.  College in general was not a valued institution in America until almost the twentieth century.  During the nineteenth century interest actually declined; in 1838, one out of twelve hundred boys went to college and by 1869 only one in two thousand did so.
  That speaks volumes for the value placed on a college education during that century.


By 1880 there were about 400 American graduate students in master's programs in America and about the same number in gradu​ate doctoral programs in Austria and Germany.  When the German-trained people returned, they brought with them the convic​tion that scholarship and research belonged in universities.  Hence, the main features of the model of university education that we accept as “normal” were originally a unique aspect of the German system.  Experimental psychology began in Germany because that was where science in general was growing.


For the experimental-psychology-to-come the important figures were Weber, Fechner, Ebbinghaus, and non-German scientists who contributed to the beginnings of biological psychology.  Workers at the Royal Institution in England contributed to physics and chemistry directly and to psychology through the work in vision by "phenomenon" Thomas Young, as he was called.  And over all of the research of the nineteenth century towered the incomparable figure of Helmholtz.
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I was always open to the ideas of G. T. Fechner and have followed that thinker upon many important points. 

But it would be terrible if such a dear old man as this could saddle our Science forever with his patient whimsies... 

 ...the year 1987 was celebrated as a "Fechner Year."  In the German-speaking countries alone, three international "Fechner Conferences" were organized (at Leipzig, Passau, and Bonn) and Division 26 of the American Psychological Associa​tion hailed Fechner as the "Columbus of the new psychology. 

Outer psychophysics alone is an insignificant appendix to physiology. 

Buffart points out the relevance of Fechner's ideas to the parallel distributed processing approach and to new connectionism... 
   

Questions to be Answered in this Section

· What is Weber’s law and what does it tell us about ratios of other modalities?

· What did Wundt think of Weber’s discovery?
· What are Wundt’s just noticeable differences (jnds) and what did he say about the law that relates sensation to stimulus?
· Who was “Dr. Mises?”

· How was Fechner a dualist?

· What did Fechner say about sensations and what does it have to do with Weber’s Law?  What were his conclusions on the issue of mind and matter?
· What were Fechner’s inner and outer psychophysics?
· What did Stevens think of ESP and paranormal phenomena?  How did he refute Fechner’s Law?
· What did Stevens and Poulten think of Garner’s results?
· What is magnitude estimation?; signal detection theory?; catch trials?
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Ernst Weber
 was a physiologist and anatomist and professor at Leipzig from the age of 23.  He pioneered the investigation of the perception of space on the skin surface and promoted the idea that each sensory nerve fiber serves a specific area on the skin, a "sensory circle."  However, he is most remembered for a discov​ery reported in 1834,
 published in Latin, and concerned with the process of discrimination.
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Weber's original interest was in assessing the effect of the muscle sense on the discrimination of weights held in the hands - how much does hefting the weights, thus involving the muscle sense, aid in discriminating, compared with judgments made with the hands held still in front of the subject?  Hefting the weights did improve performance, but the more interesting discovery was what is sometimes called Weber's Law.  This is what he wrote:
 

In observing the disparity between things that are compared, we perceive not the difference between the things, but the ratio of this difference to the magnitude of the things compared.

If you hold two weights, one of 30 ounces and another of 29, the difference is felt as easily as is the difference between weights of 30 and 29 half-ounces or 30 and 29 drams.
  Yet the differences in the pairs of weights are an ounce, a half ounce, and an eighth of an ounce. 


At the same time, we cannot distinguish weights of 33 and 34 ounces, even though the difference involved is large - eight times the difference in the 30/29 dram discrimination.  This is because it is not the absolute values of weights that are important, but the ratio of the disparity and the heavier weight.  This ratio is 1/30, so that we can discriminate easily a 29 and a 30-ounce weight, but cannot perceive a difference between a 39 and a 40-ounce weight or a 97 and a 100-ounce weight.


Weber noted "that expert and practiced men feel a disparity of weight if it is not less than 1/30 of the heavier weight, and perceive the disparity to be the same if, in place of half ounces, we put drams."
  What is critical is the ratio of change in stimu​lation to level of ongoing stimulation.  For a given task, that ratio is a constant over wide variations in absolute stimulus values.  As Fechner later put it:

dR/R = K

The R refers to the stimulus value, since Reiz means "stimulus," "charm," or "irritate" in German.


Weber showed the ratio to hold for other modalities as well.  We can discriminate lengths of lines if they differ by a ratio of 1/100 of the longer line and trained musicians could discriminate differences in pitch of 1/322.  We do not discriminate absolute differences among stimuli, we discriminate ratios, and that is a fact discussed as a part of common experience in every psychology textbook written during the last decades of the nineteenth cen​tury.  William James quoted Wundt's rendition, and it serves as appropriate introduction to Fechner's adaptation of Weber:

How much stronger or weaker one sensation is than another, we are never able to say.  Whether the sun be a hundred or a thousand times brighter than the moon, a cannon a hundred or a thousand times louder than a pistol, is beyond our power to estimate.  The natural measure of sensation which we possess enables us to judge of the equality, of the 'more' and of the 'less,' but not of 'how many times more or less.'  This natural measure is, therefore, as good as no measure at all...we must be able to say: A stimulus of strength one begets a sensation of strength one; a stimulus of strength two begets a sensation of strength two, or three, or four, etc.  

It is clear that in 1863 Wundt was not yet aware of Fechner's solution of that very problem, published as Elemente der Psychphy​sik in 1860.  We will see the relevance of that to Wundt's problem shortly.  Wundt went on:

But even immediate unaided observation teaches us certain facts which, at least in a general way, suggest the law according to which the sensations vary with their outward cause.

     Everyone knows that in the stilly night we hear things unnoticed in the noise of day.  The gentle ticking of the clock, the air circulating through the chimney, the cracking of the chairs in the room, and a thousand other slight noises, impress themselves upon our ear.  It is equally well known that in the confused hubbub of the streets, or the clamor of a railway, we may lose not only what our neighbor says to us, but even not hear the sound of our own voice.  The stars which are brightest at night are invisible by day; and although we see the moon then, she is far paler than at night.  Everyone who has had to deal with weights knows that if to a pound in the hand a second pound be added, the difference is immedi​ately felt; whilst if it be added to a hundred​weight, we are not aware of the difference at all...


The relation between stimulation and sensation is not a simple one - if it were, then a stimulus of strength one should produce a sensation of one and a stimulus of strength eight should produce a sensation of eight.  But that is not what happens.

But if this simplest of all relations prevailed, a stimulus added to a preexisting strong stimulus ought to provoke as great an increase in feeling as if it were added to a preexisting weak stimu​lus; the light of the stars e.g., ought to make as great an addition to the daylight as it does to the darkness of the nocturnal sky.  This we know not to be the case; the stars are invisible by day, the addition they make to our sensation then is unnoticeable, whereas the same addition to our feeling of the twilight is very considerable indeed...
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Wundt then described the method for determining just notice​able differences (jnds), or Weber Ratios.  He found the jnd for sensations of light to be 1/100, for muscular sensation to be 1/17, and for pressure, warmth, and sound to be 1/8.  These values vary a lot, depending on where pressure is applied to the skin surface, what kind of sound is used, and so on.  Wundt wrote that this law that relates sensation to stimulus "was first discovered by the physiologist Ernst Heinrich Weber to obtain in special cases.  Gustav Theodor Fechner first proved it to be a law for all departments of sensation.  Psychology owes to him the first com​prehensive investigation of sensations from a physical point of view, the first basis of an exact Theory of Sensibility."   James didn't think that Fechner really accomplished that, but many disagreed - Fechner had indeed measured the mind! 

tc  \l 1 "Fechner's Remarkable Life
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Gustav Fechner was born in 1801 and lived until 1887.  He was the second of five children born to a Protestant minister who died when the child was five.  Gustav was raised by an uncle.  He received an MD from the medical school of the University of Leip​zig, though he never practiced as a physician.  He experimented in physics and obtained a lectureship in physics when aged 23.  By the age of twenty-nine he had forty publications in physics.  The next year he devised the first practical method for measuring direct current and published 175 pieces in physics during subse​quent years.  


During this period he did hack work translating texts in physics & chemistry from French - in one case, he translated a household encyclopedia of eight volumes and 9,000 pages.  All this was necessary to augment his income, since academics who were not Professors were not paid well.  Nonetheless, he showed the sine qua non of the scholar in his humorous pieces, published under the pen name of "Dr. Mises."  When the importance of iodine in the diet was recognized there was a period when it was touted as the answer to all ills and prescribed for all sorts of maladies.
  "Dr Mises" published Understand that the moon is made of iodine.
  Another considered the comparative anatomy of angels, who are spherical and perceive gravitation as we do light.  In all four​teen of the pieces appeared.


Fechner was appointed a Professor of physics at the age of thirty-two and was, in Freud's words, "broken by success."
  From age thirty-three to thirty-nine he was an exhausted man and final​ly collapsed entirely, living as a secluded invalid for three years.  He suffered depression, hypochondria, and visual problems related to earlier research on visual afterimages, in which he stared at the sun.  The walls of his rooms were painted black and he spent his time writing poetry and devising riddles.


Just prior to and during this period of depression and inval​idism Fechner became obsessed with the idea of life after death - in 1836 he published Das Buchlein Über das Leben nach dem Tod
 in which he proposed three periods of existence, beginning with conception to birth, characterized by sleep, birth to death, characterized by sleeping and waking, and life after death.  Logically, the last should be characterized by wakefulness.


After recovering from his depression by administering self hypnosis,
 he went through a period of elation, promoted a pleas​ure principle, and became a philosophy professor.  At age forty-seven he wrote the first monograph on the psychology of plants - Nanna, or the Soul of Plants.
  In the same year he published Zend Avesta outlining his philosophy of nature.


And his was a philosophy of nature that provided the impetus for the founding of experimental psychology.  Fechner's obsession was to show that mind and matter were but two aspects of a single underlying reality.  From the day view (Tageansicht), the world and all reality was mind, but from the night view (Nachtansicht), all was matter.  If he could show how mind and matter are trans​latable one into the other, that would show that they were two aspects of the same thing.
  The answer came to him on the fateful morning of October 22, 1860, while in bed.

tc  \l 1 "The Elements of Psychophysics
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Two volumes of data and argument were published as Elemente der Psychophysik
 in 1860, the year that the mind was subjected to measurement, despite Kant's and Herbart's denial of the possibili​ty.  For Fechner, the proof of the identity of mind and matter lie in the demonstration that mind may be calibrated - scaled in physical units.  This was the purpose of the three original psy​chophysical methods that were used to collect the data that proved the Identity Hypothesis.


The methods, familiar to every college student, were the method of ascending and descending limits, used to determine absolute thresholds, and the methods for assessing differential thresholds, the method of  right and wrong cases and the method of average error.


tc  \l 1 "Proving the Identity Hypothesis\: Ingenuity Itself
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The steps Fechner used in his famous argument justifying the legitimacy of his methods are described clearly and in detail in Boring's classic work.
  I reproduce it in simplified and (neces​sarily) interpreted form.  It is a clever argument that repays some consideration - it puzzled many people for many decades.


Fechner assumed first that it is impossible to measure sensa​tion (mental events) directly, since there is no basis for assign​ing numbers to felt sensations.
  But we can judge present/absent, equal, or more/less when considering sensations produced by spe​cific stimuli or sets of stimuli.   This means that our scaling must deal with confusions, or errors in judgments of present/absent, equal/more/less.  The unit of mind must be a unit of error in judgment.  And here comes the first trick.


Fechner referred to Weber's Law, not so called by Weber himself, treating it as a great universal law that is key to the measuring of mind.  But how could this be?  Weber's Law refers only to stimulation, stating that over wide ranges of stimulus values, the amount of change that we can just discriminate, that is just noticeably different, is a constant - dR/R = K has nothing to do with sensation.  Or does it?


Fechner seized on the notion that a just-noticeable differ​ence, or jnd, is a mental entity.  Further, he proposed that all jnds, within or among modalities, are subjectively equal.   Con​sider whether that is true.  Imagine hefting two weights that are indistinguishable in heaviness, as small increments are gradually added to one weight.  Finally, the weights are noticeably differ​ent - hold that feeling.  Imagine now a pair of tones identical in pitch and heard successively.  One tone is increased in frequency until it is noticeably different - what is that "feeling of dif​ference?"  Is it the same as the feeling accompanying the lifted weights?  Is either feeling the same as the feelings when heavier weights are judged or very different pitches are judged?  


Fechner took advantage of the fact that the subjective equal​ity of jnds is a possibility in the minds of most people, but it is a possibility that cannot be directly tested.
 But while others debated the plausibility of the phenomenal equal​ity of jnds, Fechner was ready with proof of an unusual and a compelling kind, with more data than could be doubted. 
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Fechner's method for scaling sensation was simplicity itself.  First we set up Cartesian coordinates, with the vertical (Y-axis) axis divided into equal intervals, since that axis corresponds to sensation and sensation is to be measured in jnd units, already assumed to be subjectively equal.  Hence, we have an equal-interval vertical scale of sensation.

On the stimulus side, we begin by determining the threshold value for loudness of a tone (that is, air pressure, db level).  For ease of description, let us say that the jnd for the particular stimulus continuum and task that we are using is 1/2, a gigantic value.  For any level of stimulus, an increase of 1/2 is necessary to be just noticeably different.


This means that we begin at the value that we found is at threshold level (heard 50% or 75% of the occasions that we present it, depending on how we define "threshold").  To find the first jnd, it follows that we will have to present a new stimulus that is 1 and 1/2 as strong as the threshold value, since our jnd is 1/2.  That value, 1.5 times the threshold value, produces one unit of sensation, in Fechner's reckoning.  We plot that first point as shown.  


To find the next jnd, we increase the strength of the stimu​lus until it is just noticeably different from the first jnd value (1.5T).  Of course, this value will be 1 and 1/2 that value, or 1.5(1.5T).  We continue, and continue to find that the rate of increase in stimulus strength increases by a ratio - Weber's Ratio - which in this case is 1/2.


The third plot compresses the horizontal (X) axis to show that the stimulus values corresponding to equal sensation differ​ences
 increase by a ratio.  The increase is exponential, meaning that it is described by stimulus value raised to some power.  In this case, the power is one and a half.  Fechner believed that such plots actually measured sensation and that the amount of sensation produced by each stimulus value had thus been scaled!


For example, the stimulus value 76, at jnd 6, produces twice as much sensation as does the stimulus value 23 and six times as much as does stimulus value 10, since the latter two correspond to three and one jnd, respectively.  Is that legitimate?  It is only if the Y-axis is really an equal interval scale - if jnds are really subjectively equal.  Are they?  Fechner produced a strong argument that they are, since the functions that he usually found were not only exponential, but a particular kind of exponential function - they were logarithmic, the "log" being simple base 10.  As Fechner put it:  S = K log R.  


If we plot with arithmetic (equal-interval) scales on both axes, the figure looks like this:
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                                Stimulus Values                            Increasing Arithmetically (JND = .5)

Sensation is related to stimulation according to a function fea​turing a constant particular to the stimuli and the task used and the log value of the stimulus values used.  That is mind measured, if Fechner was right.  Consider his proof.

tc  \l 1 "Proof that jnds are Subjectively equal
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Fechner provided an illustration to convey the significance of what he had done; it was only a simple table of logarithms.
  

         Number                      Logarithm            

             10                          1.0000000                                

             11                          1.0413927

           100                          2.0000000           

           110                          2.0413927

          1000                         3.0000000          

          1100                         3.0413927

Notice that the series on the left is a set of pairs where the increase is 1 and 1/10 (1.1).  If the jnd in a psychophysical task were 1/10, that would correspond to the pairs of numbers in that series.  Increases of 1, 10, and 100 each produce one jnd, which Fechner maintained were subjectively equal.


Now, the psychophysical functions that he found were log functions, as we have seen, and therein is justification for the assumed equality of jnds as sense magnitudes.  The log values in the right column correspond to the numbers in the left column and look what they show.  The difference in log value for each pair is .0413927, even though the difference in absolute magnitudes of stimulation ranges a hundredfold.  Ratio increases in stimulation correspond to equal differences in sensation.


Hence, the fundamental formula, as he called it, or Weber's Law, is true and it may be expressed as: sensation increment "gamma" = K(stimulus increment/stimulus baseline)  Gamma is the subjectively felt jnd and it is the unit of sensa​tion.  Note the change from the earlier presentation of Weber's Law and the great significance of this change.  If the preceding argument is correct, then Fechner did measure mind and thus prove the identity hypothesis.  Reconsider what he did.


Mind and body are identical if it can be shown that one can legitimately translate one into the other - the trick is to trans​late units of mind into units of physical stimulation.  His in​sight was to use the jnd as the unit of sensation (mind).  He found that if we assume that jnds are subjectively equal, we can scale sensation by calculating stimulus values necessary to pro​duce successive jnds.  Once we have done that, we have a function that relates mind and body and we can determine the sensory value of any value of stimulus.


But are jnds subjectively equal?  He found that the functions he obtained with many stimulus continua and many kinds of task was a simple logarithmic function.  Such a function, by definition, involves equal log differences for equal ratio differences.  If the log values correspond to sensation and the ratios to stimula​tion, he appears confirmed - jnds are (subjectively) equal.  Or so he concluded. 

tc  \l 1 "Fechner, Memory, and PDP
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Psychophysics, as understood today, is what Fechner called outer psychophysics, and is an "insignificant appendage to physi​ology."
  Inner psychophysics, his real obsession, concerned the physical processes that are the immediate correlate of mental processes - that is what he meant by "psychophysics."  Fechner believed that neural excitation was the physical basis for mental​ity in animals and that neural activity was partly self-produced, or endogenous.  This self-produced activity was in the form of mechanical oscillations - scientists of the day viewed this as archaic, since the electrochemical theories had just replaced older mechanical models.  Thus, they ignored Fechner's entire conception, including the emphasis on endogenous rhythms.


Following the law of the conservation of energy, Fechner viewed organisms as systems of opposing forces, adding and sub​tracting energy, and producing an oscillating system.  This oscil​lation is seen in cycles of waking and sleeping and in a main wave of psychophysical motion and superimposed subsidiary waves, or ripples.  Mental experience, including pleasure and pain, is explained as owing to variations in amplitudes, periods, and phase relations of these waves.  Much that affects the waves, such as the effect of a stimulus, is unnoticed and omitted from conscious​ness.  This conception was very influential on Freud's thinking.
  Fechner's Thoughts on the Psychophysical Representation of Memories was translated and reprinted in 1987
 and includes an application of the oscillation principle to memory.  Patterns of oscillations that underlie sensations leave enduring changes in the corpuscles that constitute the nervous system, so that they resonate with incoming stimuli of the same frequency.
  The con​ception that memory is analogous to the resonance boards of musi​cal instruments places Fechner in concert with connectionist models that were popular in the 1980s and 1990s.


Scheerer
 and others note that Fechner's inner and outer psychophysics were based on his conviction of monism, with mental or physical appearances depending on point of view.  Since mental processes depend on neural processes, and these mental processes are unitary and whole, modern German writers such as Scheerer
 de​scribe Fechner's as a "non-reductive materialism." 
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Fechner also proposed partial thresholds, a notion not appre​ciated for a century after his work.  This means that stimulation may produce a bodily response, for example, an orienting or change in brain electrical activity, yet be unknown to the individual.  In the 1970s and 1980s researchers found that indeed brain re​sponse to stimulation need not be consciously felt and that different thresholds may be demonstrated for verbal versus motor responses.
  This common phenomenon continues to attract more than its fair share of interest, largely because it violates the naive folk psychology that most of us were raised on.  We believe that we are either aware of stimulation or not aware of it.  We don't consider the possibility that part of us may be aware - the spirit driving the machine must be a unitary thing.  


Fechner's psychophysics was criticized by many capable foes during the nineteenth century, yet it remained influential a century after its origin in 1860.  S. Smith Stevens created and directed the Institute of Psychophysics at Harvard and it was he who brought Bekesy to America, where he conducted his Nobel Prize winning work.  Stevens is best known for his promotion of direct scaling, rather than the indirect methods of Fechner.  He also was an opponent of parapsychology - the study of "extrasensory percep​tion," or ESP that waxes and wanes in popularity much as does wholistic medicine and astrology.
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Stevens reviewed a book on ESP in 1967, where he recounted an amusing and instructive interview with a reporter for the college newspaper.
  He already testified that he found ESP difficult to consider seriously, since it requires that one "tread the boggy mire of evidence for inputs without sensors."  It is a manifesta​tion of human faith, similar to other manifestations: "Creatures in saucers are not likely to stop their visitations upon us as long as they can home in on the glowing beacon of human faith."  Believers will not be dissuaded, since conveniently: "evidence for things hoped for has a persistent way of turning up when faith is threatened."


There are many reasons for discounting the supernatural, Stevens wrote, and he would believe in it when "telepathy, clair​voyance, precognition, or psychokinesis can be produced on demand..."  As it was, he was indifferent and his indifference had a long history - going back to the "salad days" at Duke Universi​ty.  Some time during that period, a reporter from the Harvard Crimson wandered into his office asking for information about ESP.  Stevens recounted what followed:

   "What," he asked, "is the Psychology Department doing about it?"

   I told him that departments are mere committees and that only people do research.

   "Then who at Harvard is doing research on ESP?" he asked.

   "No one, so far as I know," I said.

   The reporter was indignant that a department of psychology could neglect a subject so revolution​ary and challenging, especially a department in the university of William James, William McDou​gall, and the many other Harvard people who have concerned themselves with the occult.  Even J. B. Rhine touched base at Harvard.  And with its special endowment funds for the conduct of psychic research, Harvard has had the makings and tradi​tion of a spook center, if ever there was one.

   "Why aren't you working on ESP?" the reporter finally asked.

   "Because I am studying a much more interesting phenomenon," I told him.

   "He shifted his notebook and asked, "What is that?"

   "If you put a wire in your ear and fill the ear with salt water," I told him, "you can listen to a radio program without using a loudspeaker."

   That did it.  The reporter scooped up the details and ran the story in the student paper.  The national press then picked it up and gave it space, complete with cartoon strips, and for a brief interlude ESP was knocked out of the head​lines.


Stevens went on with a thoughtful explanation for the resist​ance of psychologists to seriously consider paranormal phenomena.  We see "so many tainted experiments" in our own specialty, "so many claims of 'significant' results from insignificant studies," and so many "spurious verdicts" that we hardly need "the further distraction of miraculous demonstrations based on far-out odds in the percipient responses of rare and sensitive subjects.  He did not mean that telepathy is impossible, but that we are better off trying to demonstrate the possible.  One interpretation is that the so-called conventional senses have not been well enough under​stood to warrant attention paid to "extra-sensory perception."  Along those lines, Stevens spent decades investigating senso​ry scaling, an investigation that led him to repeal Fechner's Law a century after it was passed.

tc  \l 1 "S. S. Stevens Repeals Fechner's Law
# "S. S. Stevens Repeals Fechner's Law     



In 1960 Stevens published an article in Science titled, "To Honor Fechner and Repeal his Law."  This critique, published during the centennial anniversary of Fechner's Elements, charged that Fechner's methods were faulty and also that they were unnec​essary.


In brief, Stevens proposed that stimuli actually lie on two continua, which he called prothetic and metathetic.  Prothetic continua are those in which a change in physical stimulus value may plausibly be viewed as an increase or decrease in sensory effect.  Examples of prothetic continua are loudness, pressure (including heaviness), length, warmth, and saturation (purity) of color.


Metathetic continua are those where a change is a difference in kind, not an addition or subtraction of something sensory.

For example, the change in wavelength of light over the range 400 - 600 mu is correlated with differences in experienced color.  But is the change from 400 to 500 mu an "increase in wavelength" that produces "more blue until it becomes green?"  That is hardly the case - changes in wavelength are accompanied by changes in kind, not in degree.  Pitch is a similar case and so is angular orienta​tion.


Stevens held that Fechnerian scaling, accomplished indirectly through the use of jnds - units of error - makes sense only if the stimulus continua are prothetic.  Subjects then make errors in judgments of more/less/equal along the same dimension.  Such methods do not make sense, Stevens argued, for metathetic stimulus continua, since judgments concern differences in kind - absolute differences.

tc  \l 1 "Direct Scaling
# "Direct Scaling   


Metathetic continua warrant direct, or manifest scaling methods.  Disagreeing with Fechner, Stevens claimed that people can reliably and directly judge sensory magnitudes, if only they are given a scale with which to calibrate their judgments.   The methods Stevens promoted were not new,
 but no one had argued as convincingly as he that subjects can reliably judge ratios of stimulation.


The most popular method, fractionation was used by Stevens in establishing his sone scale for loudness.
  Subjects are given some stimulus value of loudness or pitch, or some other dimension.  The subject is asked to choose a value that is some fraction, usually half, or to adjust the stimulus itself to half value.  Many judgments of many stimulus values are made and occasional tests are included whereby the subject doubles the given stimulus value.

tc  \l 1 "How is Direct Scaling Accomplished?
# "How is Direct Scaling Accomplished?    


So successful was this method that scales were developed for pitch (the mel scale), heaviness (the veg scale), visual bright​ness (the bril scale) and others.
   Consider the data below that were gathered from eight subjects "fractionating" weights by making half-heaviness judgments.  They were to request that shot be added or subtracted from a comparison weight to make it half as heavy as a standard weight.  What the subjects called "half" showed a consistent "heavy bias."
 


Weight            Judged Half
     900g               541.6g

     550g               325.3g

     300g               159.0g

     150g                93.5g

Each subject made eight half-heaviness judgments in counter-bal​anced ascending and descending order.


If response value is plotted as a function of stimulus magni​tudes, a positively-accelerated function results that does not obey Fechner's Law.  It appears that physically equal ratios (for example, one-half) are psychologically equal.  Notice that 900/541.6 is close to 541.6/325.3.
  Such data support Stevens' Power Law, according to which R = KSx, where R is the sensory magnitude, K is a constant dependent upon the particular condi​tions of the judgments, and x is a power to which S is raised.


Does fractionation truly measure sensation?  Wendell Garner
 found that his subjects' judgments of half loudnesses depended strongly on the range of loudnesses presented.  With a standard 90 db stimulus and comparison stimuli of 55-65, 65-75, and 75-85 db, half-loudness judgments were close to 60, 70, and 80 db, respec​tively.  Can we really judge ratios or are we so context-dependent that the question is moot? 


Stevens and Poulten
  responded that Garner's results were dependent upon his method - he restricted observers to a fixed set of comparison stimuli, thereby limiting the range of responses.  This violates the spirit of direct scaling.  When observers could vary the loudness of comparison tones themselves, Stevens and Poulten found results that corresponded to their sone scale - which is to say, a power function of stimulus intensity and per​ceived loudness resulted.


Magnitude estimation is another method championed by Stevens  and requires the subject to match a number to perceived magnitudes of stimuli.
  In early uses of the method, the subject was pre​sented a standard stimulus and a number - the subject's modulus.  A standard loudness might be assigned the value of 10 and the subject told to rate other stimuli in relation to that value.  Hence, the subject assigns the first stimulus a value of 8, the second a value of 15, and so on.  This method seems to produce different functions, depending on the position of the modulus within the range of comparison stimuli.  So a second method, the free-modulus variation of the method of magnitude estimation leaves it to the subject to select a number for the standard and for all comparison stimuli. This became the more often-used meth​od.


Stevens often used non-numerical scales as indices of per​ceived magnitudes and subjects might be instructed to squeeze a hand dynamometer to indicate the value assigned to a standard stimulus (loudness, pitch, or whatever).  Satisfactory results came with these methods and Stevens was convinced that direct scaling was possible - Fechner's indirect methods were unnecessary and less accurate.  


Advocates for both Fechnerian indirect scaling Stevens scal​ing exist today, as an examination of current handbooks of experi​mental psychology show.
  But the issue was enlarged in the 1960s, which brought a new era in psychophysics, one that emphasized the motivational aspects of sensation.  The new method was signal detection theory, and it changed the face of psychophysics perma​nently.

tc  \l 1 "Signal Detection Theory
# "Signal Detection Theory    


During the early 1950s Bell Telephone was laying transconti​nental telephone lines in America and facing the problems involved in sending signals over very long distances.  If a full strength and full content signal were to be sent from Maine to California, the cost of boosting the signal along the way would be prohibi​tive.  Bell engineers found that about half the message could be deleted, yet a listener could easily understand it.  For example, an auditory signal presented in bursts of 100 milliseconds
 on and 100 milliseconds off leaves a normal sounding message, even though signal energy is halved.


In dealing with such problems, signal detection theory came into being,
 providing a new orientation toward psychophysics.  Prior to signal detection theory (SDT), it was widely assumed that our sense organs act as detectors, with quite fixed capacities and thresholds.  Thus, an audiologist would determine your threshold for loudness by presenting an ascending and descending series of loudnesses, assessing your sensitivity.  The threshold might change from day to day, depending on your alertness and motiva​tion, but that would average out if you were repeatedly tested.  The threshold was treated as a separate entity.  One of the basic tenets of SDT is that the assumption of a fixed threshold is not useful.  So many factors determine what we sense and don't sense that the old concept of a threshold is misleading.
 

tc  \l 1 "ROC Curves
# "ROC Curves   


Imagine the audiologist presenting tones of different loud​nesses and asking you whether you hear them.  But what prevents you from reporting "yes" on every trial and thus appearing to have superhuman sensitivity?  Even an honest, but nervous, subject could believe that perhaps something was heard on every trial.  How can we tell whether the tone was really heard?


One method is to include catch trials, trials with no stimu​lus, to expose deceiving subjects and either reform or dismiss them.  While it is true that this method would do that, it also influences the judgments of honest subjects, as portrayed in the accompanying figure.

---Insert Figure Here---


The y-axis of the figure shows the probability of hits, or detections of the tone when it is presented, while the x-axis scales the probability of false alarms, or reports of the presence of the tone when it is absent, during a catch trial.  Both proba​bilities are normally expressed as percentages of each such re​sponse - thus, what percent of the time may we expect a "yes" response when the tone is presented (p(hit)) and when it is not presented (p(false alarm))?


The straight diagonal line shows chance performance, as would occur when the tone is not heard at all because it is masked by a loud noise.  Note that the probability of saying yes is always the same, at any point on the line, whether the tone is presented or not.  The curved line shows another, hypothetical, function, similar to those that result when the signal is not masked and when its strength is constant, but the percentage of catch trials is varied (percentages shown in parentheses).  As is clear, even though the tone is presented at the same intensity, the subject's response depends upon expectation of a tone on a given trial.  This belief is obviously dependent on the subject's experience in each condition, where the probability of presentation of the tone is inferred.


Notice that when the probability of presentation of the tone is low, the probability of saying "yes" is low, whether the tone is presented or not.  When the probability of tone is high (e.g., .8), the probability that the response will be "yes" is high, whether the tone is presented or not.  This means that the "threshold changes considerably, just depending on how likely the subject expects the signal to be.  The function is called a re​ceiver operating characteristic (ROC) curve, reflecting the ori​gins of SDT in communications technology.


Other factors influence sensory judgments and thus alter the "threshold."  For example, the figure tells us that when signals are infrequent they are infrequently reported, whether they occur or not.  But what of the case of a radar operator watching for a very unlikely but important signal?  In such a case there are important consequences for hits and false alarms, as well as for misses and correct rejections ("no" when there is no signal).  Consider the decision matrix below:

           Response

S          yes      no 

i

g   yes   hit      miss

n

a    no   false    correct

l           alarm   rejection 


If values of rewards and penalties were entered, we would have a payoff matrix.  In the case of the radar observer, the liklihood of a signal may be low, but the rewards for a "hit" and the consequences of a "miss" have great influence.  If the rewards and penalties were not arranged in this way, few targets would be reported, whether they were present or not.  But the differential payoffs ensure that if a target appears it will be reported.  Of course, we must also expect many false alarms, which will not be severely punished.


Just as we can plot a function representing the "threshold," as influenced by the subjects expectations of the probability of a signal, we can obtain data and plot others by varying the payoff matrix.  For example, if we increase the penalty for false alarms, we will reduce the frequency of the subject's saying "yes," signal or no signal.  If we increase the payoff for hits, the frequency of "yes" judgments will increase.


Sensation is thus more than the simple and mechanical action of a "detector;"  it depends on the subject's history and the expectation of stimulation that this engenders.  And it depends upon payoffs and punishments. As I cross the railroad track and see something out of the corner of my eye, my subsequent action depends upon how probable I believe to be the coming of a train and what I believe to be the consequences if I am right or wrong.  Like most points of view, the possibility of motivational influences on sensation and perception was recognized often through history and emphasized in the nineteenth century by John Stuart Mill, and later writers.
  Chief among these was Hermann Helmholtz.

tc  \l 1 "Helmholtz\: The Scientist's Scientist
# "Helmholtz: The Scientist's Scientist 

Whoever, in the pursuit of science, seeks after immediate practical utility, may generally rest assured that he will seek in vain. 

When Emperors, Kings, Pretenders, shadows all,

Leave not a dust-trace on our whirling ball,

Thy work, oh grave-eyed searcher, shall endure,

Unmarred by faction, from low passion pure. 

No reader of this book will need to ask why I have dedicated it to Helmholtz...If it be objected that books should not be dedicated to the dead, the answer is that Helmholtz is not dead.  The organ​ism can predecease its intellect, and conversely.  My dedication asserts Helmholtz's immortality - the kind of immortality that remains the unachiev​able aspiration of so many of us. 

Questions to be Answered in this Section

1. In what way did Helmholtz disagree with Muller and agree with Leibig?

2. How did Helmholtz revolutionize ophthalmology?

3. What did Helmholtz determine about the neural impulse?

4. What frustrated Helmholtz about psychology?

5. What did Helmholtz propose about the “pecking chick”?

6. How were John Stuart Mill and Helmholtz similar?  What is unconscious inference and what are its effects on perception?  What is Pulfrich’s Pendulum?

7. Where does our experiences come from according to Helmholtz?

8. How are Helmholtz’s theories of sensation and perception related to his opposition to vitalism?  What does Helmholtz believe about an infant’s perception?  How do infants develop perception?

9. What is “unconscious conclusion” and what does it have to do with attention?


Helmholtz was born Hermann Ludwig Ferdinand von Helmholtz in 1821 in Potsdam, Germany.  His father was a teacher of philology and philosophy in a Gymnasium, the German equivalent of American high school and two years of college.  His mother's name was Caroline Penne and she was a descendant of William Penn, the Quaker founder of Pennsylvania.
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Helmholtz himself appears to have benefited little from his early formal education,
 rather from independent reading of what​ever science books he could find.  His geometry appears to have come from play with blocks while very young, rather than from formal instruction years later.  Forced to sit through the lec​tures on literature, he worked out optical problems out of the teacher's sight.
 Learning prose by heart was "torture," and it is said that languages did not come easily to him - he had difficulty with idioms and irregular grammar.  Yet, he could memorize poetry and memorized works of Goethe, whole books of the Odyssey, and many odes of Horace, all of which he quoted later in life.  And he learned several languages - he could read Arabic fables in the original by the age of twelve.


Through the help of an influential relative, the Surgeon General, Mursinna, Helmholtz won a government medical scholarship for training at the Friedrich-Wilhelm Institute in Berlin.  It was agreed that he would serve eight years as an army surgeon after graduation.  Helmholtz much preferred physics, but his family's circumstances dictated that he aim for a more practical career.
 
Soon after arriving at Berlin he came to disagree with his father's belief in the virtues of deductive reasoning, called the "metaphysical method" by Helmholtz' teachers and friends.  They derided the old rationalistic methods and emphasized experiment and induction.  He was especially influenced by Johannes Müller, the great physiologist at Berlin; Helmholtz later wrote:
       

When one comes into contact with a man of first rank, the entire scale of his intellectual concep​tion is modified for life; contact with such a man is perhaps the most interesting thing which life may have to offer. 


He also leader of a group whose members would powerfully influence the science of the nineteenth century.  The group in​cluded Emil du Bois-Reymond,
 Ernst Brücke,
 and Karl Ludwig.  Later the group was called the Helmholtz school.  After spending 1838-1842 at Berlin, Helmholtz submitted a doctoral thesis sup​porting Müller's hypothesis that nerve fibers originate in cells in ganglia.
  For the next 45 years he published at least one major piece every year - and sometimes several - totaling over 200 papers and books.  In Chapter 8 we saw how his opinion concerning the age of the sun influenced evolutionary theory.  Now we will examine the other works of this remarkable person.

tc  \l 1 "The Antivitalists
# "The Antivitalists    


Müller was a vitalist, who believed in a vital force that separated the living and the nonliving.  Death meant a loss of vital force and the subsequent dissolution of the body, since the vital part held it together.  Most older physiologists of the 1840s believed in vitalism, as formulated by G. E. Stahl, but Helmholtz did not.  This vitalist view is clearly in keeping with the Aristotelian notion of essences, which had been purged from physics, but which still held influence in biology.


A chemist named Liebig
 believed that dissolution of the body - putrefaction - was simply chemical activity, not the consequence of lost "vitality."  The process is similar in kind to fermenta​tion, he thought, and Helmholtz set out to prove him right.  
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Liebig viewed fermentation as dependent on a substance produced by the yeast cells.  Helmholtz separated fermenting grape juice from boiled juice with an animal bladder.  Liebig's "yeast substance" should pass through the bladder and cause fermentation in the boiled juice - the bladder should pass molecules, but not cells.  But the bladder did prevent fermentation in the juice and Helm​holtz had to conclude that living (vital) yeast cells are neces​sary for fermentation.  Had he continued this line of research, he may have discovered enzyme action, but fortunately for psychology and for physics, he concentrated on other matters.


A more successful conclusion came from his paper "On the Conservation of Energy," in which he showed vitalism unnecessary.  This was so because all heat generated by muscle was explainable if one knew the original condition of the muscle and the end​ products of metabolism.  Only chemistry was involved, no vital force needed to intervene.  He applied the law of conservation to physical systems in general, both living and inorganic, presenting an elegant argument in terms of mathematical physics at a meeting of the physical society in Berlin.  Despite some dispute regarding priority, Helmholtz received credit for the first precise mathe​matical expression of the law.

tc  \l 1 "Helmholtz Escapes the Army
# "Helmholtz Escapes the Army   


Helmholtz' friends were concerned about "the conservation of another force...the mind of Helmholtz himself,"
 and determined to get him freed of the remainder of his army obligation.  He had served five of the required eight years and, thanks to von Hum​boldt, was released from the remainder of his term.  He immediate​ly took a job as lecturer and assistant in the Academy of Arts and the Anatomy Museum in Berlin.  In 1849, less than a year later, he became Associate Professor of Physiology at Königsberg.

tc  \l 1 "Bringing Light into the Darkness
# "Bringing Light into the Darkness   


His next feat, bringing instant world fame, was the invention of the ophthalmoscope, a simple device that allowed one to look into the interior of the living human eye.  This had never been done, since ordinarily when one looks into the pupil, the observ​er's head must block light necessary to illuminate the retina.  Helmholtz used a half-silvered mirror to reflect light onto the retina.   At the age of 30 he had revolutionized ophthalmology.  "Ophthalmology was in darkness, God spoke, let Helmholtz be born - And there was light," expressed the gratitude of a toast-giver at the Ophthalmological Conference in Paris in 1867.  And all this came about because he was trying to devise a way to demonstrate to his students that light is reflected out of the eye.

tc  \l 1 "Reaction Time Studies
# "Reaction Time Studies   


By 1850 Helmholtz determined, though crudely, the velocity of the neural impulse
 - or, more accurately, he determined that the impulse had a velocity and was not instantaneous.  He extended this research from nerve-muscle preparations to reaction times of human subjects.  Thus began mental chronometry, the analysis of reaction time that became popular in the late nineteenth century and was revived during the late twentieth century.

tc  \l 1 "Helmholtz' Research in Vision and Audition
# "Helmholtz' Research in Vision and Audition   


After inventing the ophthalmoscope in 1850, at the age of 29, he conducted a series of experiments on color vision, as well as experiments on physiological acoustics. He published over 40 papers on vision and audition during the 1850s and 1860s.  This includes his monumental Treatise on Physiological Optics in three volumes, the first in 1856 and the third in 1867, and his work on audition, Sensations of Tone (Tonempfindungen) as a Physiological Basis for the Theory of Music in 1863.  Translations of these works are still used by students of vision and audition.  


He also invented another device during this period - the ophthalometer, which allowed measurement of the images reflected from the anterior and the posterior surfaces of the lens.  This allowed accurate measurement of the curvature of the lens sur​faces, and thus, of the amount of accommodation of the lens; it is still a standard piece of laboratory equipment.


In 1855 he became Professor of Physiology and Anatomy at Bonn and in 1858 became Professor of Physiology at Heidelberg, where he established his Physiological Institute.  There Wilhelm Wundt was assigned as his assistant for two years.  Respect, but no deep friendship, developed between the two.


Helmholtz' father and then his wife died in 1859, a year after he arrived at Heidelberg, and he was incapacitated for several months with headaches, fever, sleeplessness, and fainting spells.  He recovered, spending his time in research in vision and audition, with his mother-in-law caring for his two children.  After a bit more than a year, he married Anna von Mohl, which led to his introduction to the royal family, where he would become a favorite of the future Kaiser and Kaiserin.


At Heidelberg , Helmholtz researched the motions of violin strings, friction in fluids, the Arabic-Persian musical scale, properties of ice, electrical oscillations, and even treatment of hay fever.
  And his masterworks on the hearing of tone and the last two volumes of his Optics were completed - all this between 1860 and 1869.  


He found the epistemological/psychological aspects of his work particularly tiring - for example, the "Perception of Sight" in the Optics.  He suffered with migraine headaches that would stop his work for at least twenty-four hours.  He went to places that offered cures and spent time walking through the Mont Blanc region.  When he recovered and had finished the third volume of the Optics, he turned more and more to physics and mathematics. Psychology is frustrating, as he wrote to his friend Karl Ludwig:
 

For the time being I have laid physiological optics and psychology aside.  I found that so much philosophizing eventually led to a certain demor​alization, and made one's thoughts lax and vague; I must discipline myself awhile by experiment and mathematics, and then come back later to the Theory of Perception.


His final psychological work was a paper with N. Baxt in 1871 titled: "On the Time Necessary to Bring a Visual Impression to Consciousness," where a tachistoscope was used to show that the duration of exposure necessary for identification of an object depended on brightness, area, complexity, and familiarity.  And a postexposure masking field was used to extinguish afterimages.  His research on perception ended there, but he had spent perhaps his best years, from 30 to 50, on that subject.  He went to Ber​lin, where an Institute of Physics was built for him, in 1871.  

tc  \l 1 "Helmholtz and the Pecking Chick
# "Helmholtz and the Pecking Chick


By the 1860s Helmholtz was thoroughly empiricist and, like John Stuart Mill before him, fought the "supporters of Intuitive Theories of Sensation," who "often appeal to the capabilities of new-born animals, many of which show themselves much more skillful than a human infant."  He questioned the existence of such innate perceptual knowledge as the calf recognizing the mother's udder (it may be guided by smell) and the young chicken that very soon pecks at grains of corn.  "But it pecked while it was still in the shell, and when it hears the hen peck, it pecks again, at first seemingly at random."


When it hits a grain by chance, "it may...learn to notice the field of vision which is at the moment presented to it."  This analysis of the origin of seemingly instinctive behavior in the chick anticipated twentieth-century work by Kuo, who who studied pecking movements while the chick was still in the shell,
 and by Maier and Schneirla, who suggested that the sight of grain elicits pecking behavior acquired while in the egg.
  Helmholtz proposed that it was the auditory stimulus of the hen pecking that produced pecking in the chick, while still in the egg.  Recent research supports that conclusion.

Later tc  \l 1 "Later Research
# "Research   


His work from then on involved thermodynamics, chemistry (the electrical nature of bonding), meteorology, and electromagnetic theory, with his student Heinrich Hertz.  In 1877 he became rector of the University of Berlin and was elevated to the nobility in 1882 by Wilhem I.  In 1888 he became first president of the Physi​cal Technical Institute at Charlottenberg, near Berlin.  


Helmholtz had long been friends with Werner von Siemens,
 called "the German Edison," but unlike Thomas Edison, Siemens had formal technical training, organizational and financial ability, and a great fortune.  In 1884 Siemens' son married Helmholtz' daughter, Ellen, and Siemens moved to improve his old friend's position.  Teaching took too much of Helmholtz' priceless time, so the Institute and the position of director was created to free him from that and allow time for research.  


He traveled to America for the Electrical Congress in Chicago in 1893.  On the return trip he evidently suffered one of his fainting spells and fell down a flight of stairs.  He recov​ered from a great loss of blood slowly and in 1894 suffered a cerebral hemorrhage.  He remained semiconscious for two months and died on September 8, 1894.


We will treat several of his many contributions in the next chapter, but the one of most influence and value for psychology was his theory of perception.  It remains the best account of perception available and is based on the theory of belief of John Stuart Mill, discussed earlier.

tc  \l 1 "If John Stuart Mill Were a Scientist
# "If John Stuart Mill Were a Scientist        


In 1886
 Helmholtz published a treatise on vision in which he emphasized the "empirical" viewpoint.  He stressed the fact that what we see (or hear, etc.) is not the objective fact that it seems to be; nor need it correspond to the stimulus as coded on the receptive surface, such as the retina.  Like John Stuart Mill, whom he praised, Helmholtz believed that we notice only a small part of what may be identified as objective stimulation.

 ...we are not in the habit of observing our sensations accurately, except as they are useful in allowing us to recognize external objects.  On the contrary, we are wont to disregard all those parts of the sensations that are of no importance so far as external objects are concerned.

Instead of noticing all the forms of stimulation constantly falling on the receptors (i.e., all the "sensations," in his terms) we pragmatically select those that aid us in getting around in the world.  Early in our lives we learn that a given retinal image, sensations from our eye muscles, and the conse​quences when we raise our arm to touch tell us whether an object is  near or far.  This is not known by the infant, who may there​fore try to touch the moon or to the adult who gains vision for the first time and feels that the scene is "touching my eyes".
  But it is known to us, who have long ago learned what we may touch and what we may not.  In perceiving an object-at-a-distance, we unconsciously respond to the host of cues that we have found to be reliable indices of distance.; we make an uncon​scious inference, in Helmholtz's terms.


He cited many examples of such inferences, which are so rapidly made by us so many times a day that we pay them no mind.  In some cases they are more evident, as when an amputee "feels" stimulation on a phantom limb.  A sensory nerve ending at the stump of the limb may be mechanically stimulated by clothing or dressings, leading to a clear sensation "from" the missing limb.  A lifetime of experience prior to the amputation connected the feelings accompanying the firing of that nerve with stimulation on the skin surface of the limb.  Firing of the nerve thus pro​duces the unconscious inference that the limb was being stimulat​ed, since that was always the case before.  With the limb gone, firing of that nerve still produces that inference and the source of stimulation is referred to the now-missing limb.


A more common example involves the granules or "floaters" present in the fluid of our eyeballs.  They are constantly present, but so habitually ignored that we notice them only when looking up into a clear blue sky or down into the clear water of a swimming pool.  Of course, we don't see the blood vessels in our eyes either, but in that case it is because they move with our eyes and thus constitute a stable retinal image.  They thus fall on the same receptor units and deplete the photopigments necessary for vision.  Granules in the humors of the eye are more mobile and thus can be seen, if we look for them.


Similarly, vision may fade gradually in one eye and yet be noticed only when we close the other eye, as when looking through a telescope.  Helmholtz also pointed out that we ignore the fact that most of what we see appears a double images, except for objects at whatever distance we may be focussing at the moment.
  If you hold a finger a foot or so in front of your nose and remain focussed on it while noticing objects ten or twenty feet away, you will appreciate that the latter appear as double.


The common sights of daily life are influenced mightily by our unconscious inferences.  In Helmholtz’s words:
 

it is a familar experience that the colors of a landscape come out much more brilliantly and definitely by looking at them with the head on one side or upside down...in the usual mode of obser​vation all we try to do is judge correctly the objects as such.  We know that at a given distance green objects appear a little different in hue.  We get in the habit of overlooking this differ​ence, and learn to identify the altered green of distant meadows and trees with the color of nearer objects...But the instant we take an unusual position, and look at the landscape with the head under one arm, let us say, or between the legs, it all appears like a flat picture...At the same time the colors lose their associations with near or far objects, and confront us now in their own peculiar differences.


Helmholtz likened the influence of unconscious inference to the behavior of a person in a familiar darkened room.  One can navigate efficiently, though visual cues are minimal, since the layout of the room is known by past experience.  In the same way, we navigate through daily life by unconsciously inferring the presence and location of objects, by noting only a small part of the "objective" stimulation that is present.

tc  \l 1 "Other Examples of Unconscious Inference
# "Examples of Unconscious Inference   


We are accustomed to the sight of people walking and "think of it as a connected whole...But it requires minute attention and a special choice of the point of view to distinguish the upward and lateral movements of the body in a person's gait.  We have to pick out lines or points of reference in the background with which we can compare the position of his head."
  If we look through an astronomical telescope at a group of people, the inverted image makes clear that motion is jerky and largely vertical, not the smooth horizontal motion that the unconscious inference identi​fies.


Such expectations are also common in the theatre, where they depend on the characters' skill.  As he wrote:
 

An actor who cleverly portrays an old man is for us an old man there on the stage, so long as we let the immediate impression sway us, and do not forcibly recall that the programme states that the person moving there is the young actor with whom we are acquainted.  We consider him as being angry or in pain according as he shows us one or the other mode of countenance and demeanor.  He arouses fright or sympathy in us, we tremble for the moment, which we see approaching, when he will perform or suffer something dreadful; and the deep-seated conviction that this is only show and play does not hinder our emotions at all, provided the actor does not cease to play his part.


There are many, many examples of the effects of unconscious inference on perception and all follow a simple rule - percepts are largely matters of expectation.  Some sensations signal some percepts through our lives and when sensation and reality do not correspond, we see or hear or taste what we expect to.  An inter​esting example that was not known to Helmholtz was the 3-D illu​sion called Pulfrich's Pendulum.  All that is necessary to observe the effect is a pair of eyes in working order, a string and weight pendulum, and a pair of sunglasses with the lens missing from one side.


The pendulum swinging in front of the observer will appear to move in an elliptical path, clockwise if the sunglass filter is over the left eye and counterclockwise if the right eye is cov​ered.  Thus, the weight appears to be moving in "depth," farther away and then closer, as it swings back in forth in two dimen​sions.  The illusion can be seen using a television picture as well.  In this case, when the right eye is covered by the filter, objects moving from left to right across the screen will appear to be moving in front of the screen.  That is all that is necessary to produce a (bad) three-dimensional TV picture.
  Carl Pulfrich
 was, ironically, blind in his left eye and so never saw the effect, but he wrote that astronomers had observed it.  The modest Pulfrich also credited Fertsch, an optical engi​neer with the Zeiss company in Jena, with the explanation for the effect.  In brief, the covered eye receives less light and thus the optic nerve firing is delayed by a minuscule amount.  The unconscious inference that results relies on the fact that retinal disparity is a cue to depth - the disparity in time is translated to a disparity in space and depth is perceived.


An increase in light to one eye can reverse the effect by sensitizing the retina and accelerating  transmission to the optic nerve.  To do this, shine a flashlight in the left eye and the Pulfrich effect will appear counterclockwise.  Perhaps the best way to see the effect oneself is to detune a television set so that nothing but "snow" is seen on the screen.  Then cover one eye with a sunglass lens and watch the snowstorm rotate slowly in depth.  That is the product of unconscious inference.


Like John Stuart Mill, a contemporary who greatly influenced him, Helmholtz believed that the information that our senses bring us from moment to moment is a small part of what we see, hear, and feel.
  Our experience depends in part on outside stimulation, but the bulk of it comes from ourselves, or rather from our past experiences, which generate our expectancies.  When Helmholtz called these expectancies unconscious inferences, he stressed the fact that we need not be aware of the elements that make up the current content of our experience.  These concepts or expectancies and inferences are essentially the same as the schemata later proposed by Piaget, Neisser, and others.


However, notice that Helmholtz's theory of perception is an associationist theory, just as was Mill's.  The only difference lies in Helmholtz's emphasis on attention as a selective force, as we will see below.  But associations among independent sensations still form the basis for perception.  A reviewer compactly de​scribed Helmholtz's view a century after his death:

Beginning in the mid-1850s Helmholtz became in​creasingly committed to two features of the ana​lyzer-synthesizer scheme: the front end... is passive; and the active but unconscious calcula​tions of the mind are not innate but learned in the course of purposive action in the world, as practical or functional inferences.


This basic feature of Helmholtz's theories of sensation and perception is related to his opposition to vitalism.  He champi​oned the labeled line theory of sensation, as it was later called.  According to this view, there are specific tuned receptors for discrimination of pitch, for example, and if we can discriminate 16,000 pitches,
 then we have 16,000 tuned pitch receptors in the cochlea.  These receptors are connected to individual nerve fibers - labeled lines - that project to specific cortical targets.  Both this view and its counterpart in color vision, the trichromatic theory, are imperfect but have worked as well as has any competing theory.  Both will be discussed below, but they are mentioned here to show how they are consonant with his theory of perception in general.  But first we will examine the visual competence of infants - if Helmholtz was correct, then we probably "anthropomorphize" infants more than we should.  It is an important issue for psychology and one that has been fraught with controversy.

tc  \l 1 "Helmholtz, Empiricism, and Visual Abilities of Infants                   # "Helmholtz, Empiricism, and Visual Abilities of Infants  


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.  But that will occur (mostly) in the next chapter.

tc  \l 1 "Response to Human Face Displays
 
# "Response to Human Face Displays   

Bower
 found that infants respond to displays with dots and lines arranged so as to represent a human face.  However, they also respond equally strongly and reliably to each of the individ​ual parts comprising the "face" until the age of about sixteen weeks.  Hence, response to "patterns versus pieces" is not evident until four months of age, old enough for experience to work its wonders as Helmholtz, Stratton, and other functionalists would have it.  Indeed, Bower himself seems to prefer functionalist interpretations, such as those of Egon Brunswik.
 
When we ask whether the infant smiles at a face or at a display of lines and dots that caricatures a face, we must be careful to not overestimate the infant's accomplishment:
 

However, such explanations become increasing​ly untenable when one considers the data on early smiling.  For example, it has been found that a card with six dots on it is more effective in eliciting smiles than a card with two dots on it and is even more effec​tive than a whole human face...we must accept that the infant will smile at any high-contrast pair of stimulus objects..."

Bower concluded that "faceness" is really "contrastiness" for very young infants. Margaret Matlin reached similar conclusions in 1992:
 

Psychologists once thought that babies were born with an unlearned preference for the human face.  Recent research suggests that a preference for faces is unlikely to be in​nate.

These authors went on to say that infants do prefer contours, contrasts, and movement, whether of faces or other displays.  But they do not recognize faces and they definitely do not distinguish facial expressions prior to three months of age.  By three to four months, they can distinguish expressions of happiness, surprise, anger, and lack of expression.
  At younger ages, it is certain that recognition of faces is impossible.

tc  \l 1 "Summary of Visual Development
# "Summary of Visual Development   


In evaluating the place for experience in the development of perception in general and of three-dimensional vision, Berkeley's "outness," in particular, consider this outline of the changes that occur in infancy:

-
Infants a few days old can distinguish colors, including reds, greens, and yellows, but they cannot perceive blues until two to three months old.

-
Until two to three months old, the infant's visual acuity is very poor - the infant senses movement and contrast, but sees nothing distinctly.  This is true despite isolated optimistic reports of visual competence in very young infants.  Acuity ap​proaches adult levels by a year of age.

-
The infant's contrast sensitivity is far worse than an adult's, even at six months.

-
Infants can accommodate to some extent at one month and at adult levels by three months.  But prior to three months their general acuity is so poor that accommodation serves no purpose.

-
Binocular fixation is possible at about three months and from three and one half to six months the ability to use retinal dis​parity as a cue for depth develops.  

-
Infants cannot use pictorial depth cues, such as interposi​tion, texture gradients, and linear perspective until five to seven months.

-
Very young infants see parts of displays and tend to see forms as wholes with advancing age.

-
Four-month olds can correctly interpret partial occlusion of objects and can distinguish biological and random motion.

-
Infants show size constancy as early as three months and recognize a familiar face in a new pose at five to six months.


All of this suggests that when an infant of less than three months of age looks at you, it doesn't see you well enough to recognize you as an individual person.  True enough, it may be sensitive to the sound of your voice or your odor, but so is your dog.
 

tc  \l 1 "Attention as Selective Filter
# "Attention as Selective Filter   


The process of unconscious inference was an active one, in Helmholtz' view and his term for it, Unbuwüsste Schluss, means "unconconscious conclusion," as occurs when we actively decide something.  In 1894 he described findings in section 28 of the Optics that convinced him that attention is a voluntary faculty.
  The experiments concerned directing attention to parts of a dark visual field subsequently illuminated for a fraction of a second.  During that brief period, a display of letters was visible and he tried to read and remember as many as he could.


He found that he could direct his attention to parts of the field, without eye movements, since there was not enough time for them.  He could attend to the upper right quadrant or shift atten​tion to the lower left, and thus read and retain letters from either area.  He wrote:
 

These observations demonstrated, so it seems to me, that by a voluntary kind of intention, even without eye movements, and without changes of accommodation, one can concentrate attention on the sensation from a particular part of our peripheral nervous system and at the same time exclude attention from all other parts.

The question of attention, whether it be voluntary or involuntary, had played an important part in the history of psychology, partic​ularly during the seventeenth and eighteenth centuries.  It would remain a central question in the subsequent centuries.


Another German pioneer, Hermann Ebbinghaus, by no means comparable in genius,
 extended the domain of scientific psycholo​gy by showing that the mental faculty of memory could be objec​tively studied.  In so doing, he clarified the role of awareness in cognitive processes.  And he wrote textbooks that popularized the new psychology without pandering to popular tastes and precon​ceptions.

tc  \l 1 "Ebbinghaus                                                  # "Ebbinghaus 

Psychology has a long past, but only a short history. 
  

For at the very worst we should prefer to see resignation arise from the failure of earnest investigations rather than persistent, help​less astonishment in the face of their diffi​culties. 

He was by no means prone to rush into print. 

May we hope to see the day when school regis​ters will record that such and such a lad possesses 36 British Association units of memory-power or when we shall be able to calculate how long a mind of 17 "macaulays" will take to learn Book II of Paradise Lost? 
  

Questions to be Answered in this Section

· How is Ebbinhaus similar to William James?

· How did Ebbinghaus research memory and what is the savings method?

· What did Ebbinghaus discover about forgetting, retention, and association?

· What is the “magical number seven”?

· How are humans and animals similar according to Ebbinghaus?

· How is habituation involved in the learning process?

[image: image7.jpg]


[image: image8.jpg]



Hermann Ebbinghaus was a merchant's son, born near Bonn, who studied history and philology at Bonn and then attended classes at Halle
 and Berlin, where his interests turned to philosophy and to science.  He served in the army during the Franco-Prussian War and returned to Bonn, where he received a doctorate in phi​losophy, with a dissertation on the unconscious, as formulated by von Hartmann.
  He then spent seven years in independent study, including two years in Berlin and time in France and in England as a tutor.  


He is supposed to have found a copy of Fechner's Elemente in a used book store in Paris
 that inspired him to extend experi​mental methods beyond those allowed by Wundt.  There is no doubt that he was influenced by Fechner, since he dedicated his Psy​chologie to Fechner, and wrote "ich hab'es nur von Euch."
  In 1885 he published Uber das Ged{chtniss, his famous study of memory that earned him instant fame.
 


In 1886 he was Ausserordentlich Professor at Berlin, where he remained for eight years, doing no more work on memory - he did publish research on brightness contrast and on Weber's law and brightness.  In 1890 he founded the Zeitschrift für Psycholo​gie und Physiologie der Sinnesorgone, the first journal in Germa​ny that was not concentrated on Wundt's Leipzig research, as was Philosophische Studien.
  Ebbinghaus had editorial assistance from Helmholtz, Exner, Hering, Lipps, G. E. Müller, and Stumpf - truly the cream of the non-Wundtians of the time. 


In 1893 Ebbinghaus published his theory of color vision and moved to Breslau in 1894, until moving to Halle in 1905.  At Breslau he studied mental capacity in school children, inventing the Ebbinghaus completion test, an association test that was later widely used and became a part of modern mental testing. 

The William James of Germany 


By 1897 Ebbinghaus had published the first volume of his immensely successful Grundzuge der Psychologie, a general text that has been often compared to James' famous Principles of Psychology.  This was immediately successful and was revised in 1905, followed by ninety-six pages of the second volume in 1908.  He was asked to do a third edition of the first volume, but died unexpectedly of pneumonia in 1909, before that or the completion of the second volume could be accomplished.  Others revised the first volume after his death.  His style, like that of William James, was "readable and kindly,"
 which accounts for its popu​larity.  But what lives on still is his study of memory.  Though conceptions of memory have changed and his methods have been criticized as overly controlled, no one takes away from his contribution.  Amazingly, his notable publications number only a little over a dozen, but their influence was great.  Indeed, recent work in memory in simple organisms replicates his.  We turn next to that work. 

tc  \l 1 "Ebbinghaus' Contribution\: Awareness and Memory
# "Ebbinghaus' Contribution: Awareness and Memory    


In a truly heroic piece of research, Hermann Ebbinghaus
 investigated the course of forgetting due just to the "...influ​ence of time or the daily events which fill it."  Mimicking Fechner's psychophysical procedures, the inspiration for his work, he listed 2300 consonant-vowel-consonant (CVC) nonsense syllables.
  These syllables were chosen so as to have no meaning in German (E.G., DUB, JIK, COZ).  You may notice that many products have since been given CVC names, making them more memo​rable than was the case in Ebbinghaus's day (e.g., BIZ, DUZ, JIF, FAB).  He learned over 1200 lists of three-letter nonsense sylla​bles, with eight, twelve, or more  syllables in each list.  During each session, which lasted twenty minutes or so, he read through the lists one by one, at a rate of one syllable per 2/5 of a second, repeating each of the lists until he could recite it twice without error.  Successive lists were separated by a pause of fifteen seconds and his measure of memory retention was the savings in time when he relearned the same set (of eight or so) lists after a lapse of time. 


This savings method is actually quite ingenious.  Suppose that you learn some set of material for an exam and, when faced with the task of recalling it, you go blank.  Are you indeed blank - is the effect of your study nil?  Similarly, are your forgotten memories of last year or of ten years ago gone without a trace, or is something left?  You recall nothing, so how can "what is left" be assessed?  Savings in relearning is one way. 

tc  \l 1 "Forgetting Over Time                                        # "Forgetting Over Time   


Ebbinghaus found that there was some savings even when the set of lists was relearned 31 days later.  Table 9.1 shows the savings when sets of lists were relearned after various temporal intervals. 

TABLE 9.1 

Interval                 Number of Experiments            Mean Savings (%) 

 1/3 hr                              12                                        58.2

   1 hr
                             16                                        44.2

 8-9 hrs                             12                                        35.8

  24 hrs                             26                                        33.7

   2 days                           26                                         27.8

   6 days                           26                                         25.4

  31 days                          45                                         21.1


Ebbinghaus also found that spacing his practice sessions aided retention.  He practiced lists of twelve nonsense syllables and stanzas from Byron's Don Juan daily, to a criterion of one errorless recitation.  With successive days, the number of repe​titions required decreased; for a twelve-syllable list and an 80-syllable stanza, the average number of repetitions required fell from 16.5 and 7.8 on the first day to five and .5 on the fourth day
  This seemed to mean that repetition itself "strengthened a memory trace" or some such thing.  If that were not true, there could be no savings as days of practice contin​ued.  The ancient law of frequency is true - the more that mate​rial is repeated, the better we remember it, just as William James told us.
  In addition, Ebbinghaus found that the longer a list, the better it was retained.  This may seem surprising unless you recall that all lists were learned to the criterion of at least one errorless recitation, meaning that longer lists were repeated more than were shorter lists.  The number of readings required for different nonsense syllable list lengths, as well as the savings relearning them, appears in Table 9.2
 

TABLE 9.2

Syllables       Readings Required       Relearning Savings (%)

  12                         17                                   35

  24
                   45                                   49

  36
                   56                                   58

tc  \l 1 "Remote Associations                                         # "Remote Associations    


Finally, he found that the associations among items of his lists extended beyond immediately-adjacent items.  To show this, he used six sets of 16 nonsense syllables and rearranged their order in graded steps.  Thus, on one day he would learn an original list of 16 syllables and the next day relearn the same list rearranged by skipping alternate syllables.  Thus, a list in the order 1, 2, 3, 4, 5, 6, 7, 8, 9, and so on, could appear on the second day as 1. 3, 5, 7, 9, and so on.  Another list could be arranged by beginning with the original list and skipping by twos, producing 1, 4, 7, and so on.


On day one he learned six original lists.  The next day he learned six rearranged lists and repeated the process seventeen times.  Remarkably, he found that there was a savings in learning the rearranged lists, ranging from 10.8%, when alternate sylla​bles were skipped, to 5.8% when he skipped by threes.  He inter​preted this (as have others) to mean that remote associations are formed in the learning of the original syllable lists.  Since there were no savings when the lists were randomly scrambled, his conclusion seems sound.


Ebbinghaus's work was far more extensive than this brief summary suggests - he also invented the completion test (fill in the blank) and showed it superior to other tests for categorizing school children's achievement.  And he wrote introductory text​books in a lively style described as the German equivalent of William James.  In apparently fine health, he contracted pneumo​nia and died suddenly in 1909, at the age of 59.
But we remember the first crude contributions toward an understanding of rote memory, showing that most forgetting occurs within hours after learning, that spaced practice aids retention, that frequency of repetition seems to strengthen a "memory trace," and that remote associations may be important.

tc  \l 1 "Giving Ebbinghaus Credit
# "Giving Ebbinghaus Credit   


This was difficult and lonely work that he carried out - the time spent on some of the experiments was immense.  For example, in the 1879-80 experiments on the effects of number of repeti​tions he learned and relearned 420 sets of 16 syllables, varying the number of repetitions up to 64.  Learning and relearning required over 15,000 recitations.
  Ebbinghaus was mindful of demand characteristics and experi​menter bias, guarding against the "secret influence of theories and opinions" and "secret warpings of the truth."
  He called himself one who "is inclined a priori to estimate very highly the unconscious influence of secret wishes."
  Along these lines, he found that relearning was as good when he could not consciously recollect the list from yesterday as when he could.  Memory and conscious awareness are two different things.  
Ebbinghaus first used the concepts of means, variability, "probable error," and the method of comparing conditions by seeing if the means differed by more than chance.  He discovered what was later called the "magical number seven"
 when assessing the number of syllables that could be recalled after one reading.  He considered memory of meaningful material and was aware of the limitations of his particular methods.  He was the first to treat memory as a scientific topic and he could not foresee that the memory researchers of the late twentieth century would look upon his work as lacking external validity.  And so it did, but it still told us important things about our memory, including as​pects that are shared by other organisms. tc  \l 1 "Ebbinghaus and the Invertebrate                             # "Ebbinghaus's Memory in an Invertebrate



It may seem that human learning, memory, and forgetting as studied by Ebbinghaus are fundamentally different from learning and memory in protozoa, spinal animals, and snails.  But striking similarities do exist, as noted in a well-known article by Thomp​son and Spencer
, as well as in the work of Kandel, who has studied the behavior of the marine snail, Aplysia.
  The learning involved is habituation, which refers to the gradual decrease in responding to repeated and unvarying stimula​tion of any kind.  For example, repeated tactile stimulation of Aplysia produces a progressive decrease in the gill withdrawal reflex.  We habituate also, as evidenced in our initial startle to a loud, sudden noise that decreases with repeated stimulation.  After a time we hardly notice the pulsing beat of the pile driver that disturbs our visitors so much.

tc  \l 1 "Habituation and Attention                                   # "Habituation and Attention     


Mazur
 pointed out the salient similarities between learning in Aplysia and the phenomena reported by Ebbinghaus, though the authors cited above had described learning in the snail so com​pletely that the similarity was easy to see.  


First, the course of habituation is similar to that occur​ring in other kinds of learning.  Of course, "learning" in this case is evidenced by decreased responding (longer latencies, decreased amplitude).  And, with repeated stimulation, decreases in responding become smaller, just as increments in other types of learning become gradually smaller as trials continue.  In other words, the amount of change per trial ("learning") dimin​ishes with trials in both kinds of learning.


Second, if time passes without stimulation, the habituated response recovers; one could say that learning to "not respond" has been forgotten.  But, if a series of stimuli is then present​ed, relearning savings occurs.  Even though the habituated re​sponse may have returned to full strength during the period without stimulation, habituation reoccurs more rapidly than was the case with the first set of stimulations.  Such savings are precisely like those described by Ebbinghaus.


Overlearning savings also occurs.  If a stimulus is repeat​edly presented, habituation may appear complete; no response occurs.  But if the stimulus continues to be presented, "below zero" habituation may result.  That is, a greater savings in relearning appears in later testing.  Responding ceases more quickly (habituation occurs more rapidly) than is the case when stimulation continues only to the point where no response is evident.  Compare that with Ebbinghaus's "overlearning savings" effect and with Pavlov's demonstrations of "extinction below zero"
  Finally, habituation is stimulus specific; when Aplysia shows no response to the last of a series of tactile stimula​tions, a light or other sudden and nontactile stimulus produces a response.  Learning theorists have always stressed the stimulus specificity of learning and it is natural to find that habitua​tion follows the same rule.


The interested reader may consult the source, Hawkins and Kandel
 for much more information on learning in Aplysia.  Those authors have shown classical conditioning, blocking, and other familiar phenomena with that animal as subject and have isolated specific synapses involved.
 


Germany was clearly at the cutting edge of science and became leader in psychology by the second half of the 19th cen​tury.  We turn briefly now to conditions in Britain during the 19th century, a nation hampered, as ever, by lack of support for science from either the universities or the government.  This is more the pity, since there was no shortage of scientific genius in the British Isles.

tc  \l 1 "England at the Turn of the 19th Century
# "England at the Turn of the 19th Century   


Fechner, Helmholtz, Ebbinghaus, and many others supported the development of science, including psychology, by the mid 19th century.  That was in Germany.  Yet, half a century later Eng​lishmen were forced to go to Germany for doctorates and textbooks available in England were translations of German and French works.
  English science and scholarship remained the province of amateurs, but the founding of the Royal Institution represented a start toward public support of science.

tc  \l 1 "The Royal Institution and Phenomenon Young
# "The Royal Institution and Phenomenon Young


 

For out of olde feldes, as men seyth, 

Cometh al this newe corn fro yer to yere;

And out of olde bokes, in good feyth,

Cometh al this newe science that men lere.

All the mathematical sciences are founded on relations between physical laws and laws of numbers, so that the aim of exact science is to reduce the problems of nature to the determination of quantities by operations with numbers.

Questions to be Answered in this Section

1. Who was Benjamin Thompson and what were his contributions?

2. What did Thompson discover about heat?

3. What did Thomas Young show about color vision and the nature of light?  Why did his discoveries force him to resign?

4. Who was Reverend Sydney Smith and what did he have to do with psychology?

5. How did Humphrey Davy discover potassium and sodium?  What else did he discover and what did it do to him?


As we have seen, science in England during the nineteenth century was almost entirely a private matter, the universities being concerned with theology and law and the technical occupa​tions, such as medicine, handled by hospital medical schools.  But at the turn of that century an institution was established for the popularization and implementation of science, the Royal Institu​tion.  Supported entirely by subscription, it became the center of discovery and progress in the natural sciences, as well as in psychology.  


Its founding was the work of an Englishman born in Massachu​setts before the American Revolution.  He was Benjamin Thompson, who became Lord Rumford and a scientist of note.  He founded the Royal Institution and thereby provided support for much of the English science of the early 19th century.  Among the individuals supported was Thomas "Phenomenon" Young, who gave us the first plausible theory of color vision.

tc  \l 1 "Benjamin Thompson, Lord Rumford - Larger than Life
# "Benjamin Thompson, Lord Rumford - Larger than Life   


Thompson was born in Woburn, Massachusetts in 1753 and in 1772 became a schoolmaster in Concord, New Hampshire, formerly called Rumford.  He spent the war years in [image: image9.jpg]


England experimenting with heat as generated by cannon - his findings were published by the Royal Society in 1781 and experiments were repeated on four Royal Navy ships.  He became a Fellow of the Royal Society in 1778 and was named Lieutenant Colonel of the King's American Horse Dragoons
 of New York.
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In 1781 he was in Charleston, South Carolina
 immediately after the surrender of the British army under Cornwallis at York​town. Thompson placed himself under the command of British General Leslie and led his cavalry against two rebel forces, routing them and driving them into the Santee River.
  He then took all the cattle from the rebel plantations and aided royalists who wanted to emigrate to Canada.  He left the service in 1783 with half pay for life and was knighted the same year by George III.  Hence, by the age of 30 he had been elected to the Royal Society for his research on heat and knighted by the king for his military work.


Thompson was invited to Bavaria by the Elector,
 who gave him authority over the army and who wished his advice on other mat​ters.  He found peacetime work for the army - as police, highway repairers, and collector of beggars.  He set up the House of Industry for the Poor and the Military Workhouse, started a mili​tary academy, and built an English Garden six miles in circumfer​ence.  And he introduced the steam engine and the potato to the region and invented a double boiler and a drip coffee maker.


Over the years he continued research on heat and its propaga​tion, showing in 1785 that air in clothing acts as an insulator.  He also studied light and improved the oils and reflectors used in lamps.  He became a member of the Berlin Academy of Sciences and was named Major-General of Cavalry and head of the Bavarian War Department.  He was named a foreign member of the American Academy of Arts and Sciences and in 1791 was knighted again, as Count of the Holy Roman Empire.  He was 38 years old.  

tc  \l 1 "The Beginnings of the Royal Institution
# "The Beginnings of the Royal Institution   


In 1791 Thompson wrote an essay on the poorhouse he built in Munich and that was the germ of the Royal Institution.  A commit​tee including the Bishop of Durham, Wilberforce, a Mr. Bernard, and the Honorable E.J. Eliot formed a society to encourage indus​try and promote the welfare of the poor, correcting the abuses of workhouses.  The King became a patron in 1796 and the society thus became "Royal."
 

tc  \l 1 "The Aristotelian Essence \"Caloric\" is Banished
# "The Aristotelian Essence "Caloric" is Banished   


During 1797-8 Thompson wrote four essays: one on fire and fuel, a second on heat in fluids, a third on the propagation of heat, and the last on friction and heat, a paper that made him famous.  He had built a foundry in Munich and noticed the tremen​dous heat generated in boring cannons - the metal became hot enough to boil water - but the heat did not change the metal; its properties were retained once it cooled.  It had been thought that heat was a substance
 forced out into the air when the metal was compressed by boring - compression makes metal denser and it can then hold less heat!  Thompson showed that friction produced heat and that heat was just motion of particles.   Finally, the ghost of phlogiston was cast out of physics, having survived as "calor​ic" since the time of Lavoisier.
  This brought Thompson the medal of the American Association of Arts & Sciences and the Royal Society's Rumford Medal.  

 
During 1806-7 he invented a differential thermometer, studied radiant heat, conduction, and lamps and lighting.  In 1812 he read an essay before the Royal Society showing that light and heat were not a substance, rather they were vibrations.  He noted that no one searches for sound as a substance, why should light be sub​stantial?  Thompson died of fever in Paris in 1814.  

tc  \l 1 "The Royal Institution's Early Years
# "The Royal Institution's Early Years   


The Royal Institution was originally the Society for Better​ing the Condition and Increasing the Comforts of the Poor, formed on Friday, February 1, 1799.  Subscribers gave 50 guineas and were promised free tickets to lectures.  The object of the society was:
  

Diffusing the knowledge and facilitating the general introduction of useful mechanical inventions and improvements and for teaching by courses of philosophical lectures and experiments the application of science to the common purposes of life.


The popular lectures were to be useful to the audience, but confined only to science.  Topics included: heat and combustion, clothing and warmth, temperature and health, air quality, preserv​ing ice and food, composting, the chemistry of cooking, digestion, tanning leather, and soap and dye.  
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"Dr. Garnett" was hired as lecturer and editor of journals and a Mr. Webster, a Scottish architect, was hired to design rooms and start a school for "mechanics:" bricklayers, joiners, metal​workers - to be trained and sent back to the countryside to train others.  On April 5, 1800  the Journal of the Royal Institution of Great Britain published its first issue, but the second did not appear for fourteen months - there were about 1000 subscribers.  Garnett gave lectures - there were to be two kinds - morning lectures for the amusement of people of wealth and fashion and in the evening serious lectures, including those on abstract subjects and mathematics.  


Humphrey Davy
 was hired as assistant lecturer on [image: image12.jpg]


chemistry in 1801 - on occasions when Garnett was sick, Davy lectured.  The ill-fated Garnett soon resigned and started a private medical practice on Marlborough Street.  In addition, he gave lectures in eight courses, and started a journal, Annals of Philosophy, Natu​ral History, Chemistry, Literature, Agriculture, and Fine Arts in 1801.  His wife had died in childbirth the previous Christmas and then he fell ill with typhus caught from a patient and died the same year, leaving his children penniless. The Royal Institution allowed his lectures to be printed and sold, which made 2,000 pounds for the family.

tc  \l 1 "The Royal Institution Changes From Applied to Pure Science
# "The Royal Institution Changes from Applied to Pure Science   


By 1802 the Institution had an industrial school, journals and public lectures, exhibitions, and a club and cookery school.  Thompson, Lord Rumford, left for Munich in 1802 and new managers wanted to change the mission of the Institution from that of helping and educating the poor to promotion of pure science. Schools, kitchens, and models were replaced by library, laborato​ry, and lecture.  And it provided an opportunity for Thomas Young.

tc  \l 1 "Phenomenon Young
# "Phenomenon Young     
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In keeping with its new emphasis, Thomas Young
 was hired as lecturer in 1802.  He was a quaker prodigy who was a tutor of tutors of Greek by age 14, taught himself not only Greek, but Latin, Italian, French, mathematics, natural philosophy, botany, and entomology.  And he translated Shakespeare to Greek.  He believed that anyone could do as well - it just required work and "strenuous and persevering attention."  


He was a Fellow of the Royal Society at 21, and continued his self-education, learning drawing and dancing.  He received an MD in Germany, at G|ttingen, with no "grinding," as he put it, and learned gymnastics and vaulting on horse as well.
  His German medical degree was not honored in England, so he was forced to attend Cambridge, where he acquired the nickname "Phenomenon Young."  He was hired to lecture at the Royal Institution in 1802.  At that time the lectures at the Institution were the object of criticism.  In the Edinburgh Review, one critic, Lord Brougham, described the lectures as "bulletins of new and fashionable theo​ries for the ladies who attend the Royal Institution."  He saw the Institution as pandering to "...taste, which is directed by the nod of a silly woman or a pampered fop."  Thomas Young responded, denying Brougham's charges - which definitely did not apply to his lectures.
 

tc  \l 1 "Young and Color Vision
# "Young and Color Vision   


Young's interest lay in color vision and the nature of light at that time.  Not only did he propose the three-color theory of color vision, that became the Young-Helmholtz theory, when adopted by Helmholtz, but he studied interference patterns in light, occurring just as is the case with transmitted sounds.
  He demon​strated this to the Royal Society in 1802
  He passed a light from a candle through a pinhole and that light through a pair of pin​holes in a second screen.  The light all comes from the same source, so it is coherent - the wavefront is the same except for a constant shift owing to passing through the pinholes.  The waves from the double pinholes interfere and produce a sinusoidal inter​ference pattern that depends on the distance between the holes.  .  


Unfortunately, Young's lectures on such topics were too difficult for the audiences of what perhaps were "silly women and pampered fops," and he was forced to resign in 1804.  He practiced as a physician after that time and he aided in the translation of the Rosetta Stone,
 discovered in 1799.  He also contributed 63 articles to the Encyclopedia Britannica.  We will soon return to his part in the long battle over the nature of color vision. 

tc  \l 1 "Psychology Lectures at the Royal Institution
# "Psychology Lectures at the Royal Institution   


In 1804 lectures were given in natural philosophy, history, medicine, botany, painting, and comparative anatomy and in the same year the journals were given up.  There were disputes within management over whether to concentrate on promoting knowledge for the poor and for the rich, as was done for the first three years, or to pander to the fashionable rich, with amusing and "pop" lectures.  


Evidently, they chose the second alternative, at least, temporarily.  They hired a pop lecturer on moral philosophy - the term for what would later be called psychology - in 1804.  He was the Reverend Sydney Smith, whose "fashionable, attractive" lec​tures packed in 600-800 hearers every time.  He knew that his lectures were a sham and confessed that, "I am most heartily ashamed of my own fame...the moment men of sense are provoked by the clamor to look into my claims it will be at an end."
  

tc  \l 1 "Humphrey Davy
# "Humphrey Davy   


In 1805 lectures were added in poetry and then music, draw​ing, painting, fine arts in Spain, and other subjects.  Chemistry and physics were still the most emphasized lecture subjects, and emphasis was placed also on the research in chemistry and physics.  In 1807 Humphrey Davy made his electrochemistry breakthroughs, discovering both potassium and sodium by treating potash and soda with electricity.  


Davy made the Royal Institution famous and rich, so it suf​fered in 1808 when he developed an awful and near lethal fever and could not lecture for months.  He blamed the fever on his work at Newgate prison, where he had done experiments disinfecting, but others attributed it to one or more of the dangerous gases from the experiments he had done.  He was the first to use nitrous oxide as "laughing gas," immediately inhaling 16 quarts of it and noting that he was intoxicated and immune to pain.
  Other gases, such as chlorine, which he isolated and named, were less harmless.


Let us return to Thomas Young and the beginnings of a scien​tific debate that has lasted two centuries - what is the nature of color vision?  Helmholtz and the empiricists prevailed with the empirical view, though constantly questioned and attacked by Hering, representing the nativist interpretation.  During much of the 20th century the empiricists clearly prevailed, but evidence for Hering appeared by the 1960s.   The answer was a synthesis that employed Young and Helmholtz at the receptors and Hering farther along in the nervous system.  Only Edwin Land was left as a problem, since he believed both views to be wrong.

tc  \l 1 "The Battle Over Color Vision\: Newton to Now
# "The Battle Over Color Vision: Newton to Now




Helmholtz, Hering, and their schools disa​greed on many issues, chief among them being the proper sense in which the eye may be said to possess and to require a mind with which to see...The schools' antagonistic interpre​tations of all of these phenomena grew out of deep and divergent methodological commitments and ultimately out of disparate conceptions of the nature of life and of organic func​tion.

We have come to the conclusion that the classical laws of color mixing conceal great basic laws of color vision.

Recently a jolt has been given to the more complacent by the American inventive genius Edwin Land.

Helmholtz's advice is at the center of much modern vision science. 

The brilliant visual scientist William Rush​ton enjoyed needling his colleagues.  On one occasion he challenged neuroscientists with the assertion that only the hope of under​standing perception and consciousness makes neuroscience worth doing...some neuroscien​tists think of themselves as philosophers studying the mind-body problem.  They form a field one might call experimental philosophy: it is the expensive branch of philosophy. 

Question to be Answered in this Section

1. What did Newton discover by passing light through a prism?  How were vibrations involved?

2. What is Young’s trichomatic theory of color vision?  How did he disagree and agree with Newton?

3. What did Young discover about mixing lights?

4. What did Helmholtz say about color mixing and what is the distinction between additive and subtractive color mixtures?

5. How did Maxwell show that he agreed with Young?  How did Helmholtz show that he agreed with Maxwell by using colorblindness?

6. What are protanopes, deuteranopes, and tritanopes?

7. What were the achievements of the three-color theory of Young, Maxwell, and Helmholtz

8. Why did Fechner’s color shadow experiment cause a debate and how were hid findings confirmed?  How did Helmholtz agree with Fechner and how did he emphasize “psychological factors”?

 Newton’s Experiments



Isaac Newton had proposed seven primary hues in the visual spectrum.  When Newton passed daylight through a prism, he cast it on a paper "about two and twenty foot distant from the prism"
 and asked a friend to mark with a pencil those points where each color seemed most "full and brisk."  The seven-note musical scale
 no doubt led him to seek seven primaries and those seemed to consist of red, orange, yellow, green, blue, indigo, and violet and those were the hues marked off by his "friend."  If the seven primaries are laid around the circumference of a circle, Newton proposed that their mixture produces all seen hues and brightnesses.    


Newton proposed that vibrations in the "ether" beat and dash against the eye, just as air beats on the "organs of hearing" to produce sounds.  The vibrations that come to us mixed produce sensations of white, while those of greatest "bigness" produce sensations of red and the smallest are felt as blue, if each is present separated from the mixture.  Since "bigness" refers to wavelength, he was correct - reds and blues correspond to long and short wavelengths, respectively.         

Young Reduces the Number of Primaries


It was 150 years later that Thomas Young was interested in color vision and Newton's theory of vibrations seemed to make sense to him.  But seven primaries were too many.  His trichromat​ic theory explained color vision as the combined effect of three photoreceptors in the retina, one sensitive to short wavelength/high frequency vibrations (the blue end of the visible spectrum), one sensitive to middle wavelengths (e.g., green), and one sensitive to long wavelength/low frequency signals (the reds).  Stimulation of individual receptors and combinations produces phenomenal colors.  Combined stimulation of a red receptor and a green receptor, for example produces yellow.


Young proposed a small number of fundamental receptors for a very good reason. He knew that visual acuity is approximately the same in monochromatic light and in white light.  If that is so, there had to be few receptor types - if there were fifty or a hundred, the narrowing of the wavelength of light presented, as when it is monochromatic (red, or green, etc.) would mean that only a fiftieth or a hundredth of the receptors would be involved.  And that should decrease acuity, an effect that does not occur.  But if there were few receptors, say three, then  a sizable frac​tion would be stimulated even in narrowly-monochromatic light and acuity would remain good.  As Young wrote:

Now, as it is almost impossible to conceive each sensitive point of the retina to contain an infinite number of particles, each capable of vibrating in perfect unison with every possible undulation, it becomes necessary to suppose the number limited, for instance, to the principle colours, red, yellow and blue...

Young retained three principal colors, but shortly thereafter he changed their identities to red, green, and violet.  Like Newton, he viewed other colors as mixtures of the primaries and seemed to share Newton's hunch that colors mix in a manner analogous to the mixing of sounds.


Colors do indeed mix, but not as do sounds.  Trained musi​cians can decompose and separately identify the sounds that com​prise a chord or other compound.  But no one, however trained or sensitive, can separately identify the parts of a many light mixtures.  In other words, sounds can never be mixed so as to produce a new pure sound, but lights can be mixed to produce what seems a pure resultant color.  One of the most salient examples of such mixture is yellow.
  We cannot distinguish a yellow monochro​matic light from a yellow that is a mixture of red and green lights.  That is because, as Young held, the two yellows are actually the same, at least as they act on our visual equipment.  There is no yellow receptor, only the combined action of red and green receptors.


Young found that he could mix lights of three "principal colors" and apparently produce all other colors.  It took three lights, not two, and a variety of wavelengths would do - what was necessary was a long-, a medium-, and a short-wavelength light - a "red," a "green," and a "blue."  But any number of reds or greens or blues would do; the primary colors were not a unique set of three.

tc  \l 1 "Helmholtz on Color\: 1852-1855
# "Helmholtz on Color Mixing: 1852-1855     


In 1852 Helmholtz published a short paper on mixing of Grund​farben, or primary colors, where his results seemed to contradict Young's thesis.
  He passed light through a V-shaped slit and through a flint glass prism, producing overlaps in the spectra that included all possible combinations of pairs of colors.  He noted that only the mixture of indigo-blue and yellow produced white.  Since yellow and blue are conventionally thought to pro​duce green, he was led to specify the basic distinction between additive and subtractive color mixture.  


Our retinas are struck by light and it is the mixtures of lights that additively determine our color perceptions.  When we mix paint, however, the color that we see is the remainder of a subtractive process.  The pigments reflect to us only what they do not absorb and that depends on the material composition of the pigments. Subtractive light mixture is a messy business and not helpful in understanding color vision.


Helmholtz also mixed three-component combinations of lights and produced many new colors, but few that seemed to him to really match spectral colors.  The combinations always seemed washed out and whitish; for example, concerning yellow he wrote that a mix​ture of red and green "rays"..."never generate so bright and vivid a yellow , as the red rays do."
  He rejected Young's theory.


Helmholtz was strongly criticized for this poor research and reasoning by an unknown mathematics teacher named Hermann Grass​man, who showed that Newton's color circle required complements for each primary.  He also argued that Newton specified color sensation by reference to hue, brightness, and saturation, and that these corresponded to wavelength, intensity, and intensity of intermixed white.  Mathematical demonstrations were included and Helmholtz was stung by the critique.


With new methods, Helmholtz announced in 1855 that he had found seven complementary color pairs but, unlike Newton and Grassman, some members of pairs were not in the circle of visible colors.  Greens have purples for complements and they are extra​spectral - always mixed colors, composed of extreme reds and violets.  He also found that the intensity of component colors to produce gray or white varied widely, so that different proportions were required in different cases.  Color was complex and he left matters there.

tc  \l 1 "Clerk Maxwell Steps In
# "Clerk Maxwell Steps In   


The Scotsman James Clerk Maxwell was twenty-four years old in 1855 and had been experimenting with color for six years.  He had read the papers of Helmholtz and of Grassman and in 1855 published a paper in the Transactions of the Royal Society of Edinburgh that carried color mixing far beyond Helmholtz.


Maxwell used a rotating color wheel, as shown below.  The inner circle had black and white papers that overlapped so that the proportion of black to white could be adjusted.  When the wheel was spun, this altered the shade of gray that appeared.  The outer circle featured


--------Insert Fig. From Turner (1994), p. 100 About Here----------

adjustable areas of three colors, called by Maxwell "vermillion," "ultramarine," and "emerald green."  That is, red, blue, and green.  When the wheel spun, observers saw a mixed color that depended on the three primaries and the propor​tions of them present.


Maxwell usually asked subjects to match these "outer" colors to various grays in the inner circle - he then computed the amounts of the primaries necessary to match a given gray.  Occa​sionally he operated in more straightforward form and matched colors presented on the inner wheel with mixtures of three hues on the outer wheel.  His success in matching any color or gray with different proportions of three primaries convinced him that Thomas Young had been correct and that the "theory of three distinct modes of sensation in the retina, each...produced in different degrees by the different rays..." was correct.
 


Helmholtz had rejected that theory in 1852, but the young Maxwell tactfully neglected to mention that in his published paper.  Maxwell understood Young to mean that every monochromatic light stimulates all three color responses, though to different degrees - we see red when the red receptor is stimulated more strongly than are the green and blue ones.  For this reason, we can never know to what spectral value the red receptor is really tuned and we cannot locate the three primary hues on a color circle.  We can guess that the values are an extreme red, a green, and blue or violet.  Research with colorblind subjects convinced Maxwell that one of the three responses was missing - in his sub​jects it was the red process.  This was more evidence for the three-color theory, which Maxwell attributed directly and entirely to Young.

tc  \l 1 "Helmholtz Adopts the Young-Maxwell Theory
# "Helmholtz Adopts the "Young-Maxwell Theory"   


Helmholtz quickly realized that Maxwell had recognized the power of Young's theory and he quickly put it to use himself.  In the second volume of his famous Handbook of Physiological Optics,
 published in 1860, he applied Young's theory so thoroughly that the view came to be called the "Young-Helmholtz" theory, despite Maxwell's priority.  One application was to color blindness.

tc  \l 1 "Colorblindness
# "Colorblindness   


Helmholtz knew of the two classes of dichromat
 and explained their color vision with Young's theory.  Normal color vision involves the activity of three receptors tuned to the short, medium, and long wavelength parts of the spectrum, and color sensations are correspond to the sum of the activity of the three kinds of receptor, which Helmholtz identified as cones.  For exam​ple, the "red blind" see all colors as violet, green, and mixtures of the two.  They probably do not see white, though they use the term, and they call all colors that appear greenish to them "yellow."  This is because yellow is the most luminous hue in the spectrum and normals call the most luminous hue "yellow."  Was his guess correct?


How can we ever know what a color blind
 person sees?  Just because a subject says "this appears yellow" doesn't mean that what is seen is what a person with normal color vision sees.  Though we can never know what anyone but ourselves really see,
 it is possible to learn something about the color sensations of the colorblind.  What if a person were colorblind in one eye (that is, a dichromat missing red) and normal in the other eye (a trichro​mat)?  Such a subject could tell us what the color-deficient eye sees, compared with the sensations of the normal eye..  Helmholtz was not correct, according to reports from such subjects, though the Young-Helmholtz theory of three kinds of cones was largely correct.


Most color blind people are males, since the deficiency is inherited and sex linked, and most are missing either the red process (protanopes), or the green process (deuteronopes).  Such red-green difficulty is by far the most common, but occasionally one lacks the blue receptor and is called a tritanope.  The expe​riences of unilaterally-colorblind subjects
 was first described by Graham and his associates and are summarized in a recent source.
  Consider the diagram below: 

Protanope:                       Blue                 Yellow                                                                           
                               400                  492                          700 

Deuteronope:                     Blue                  Yellow                              

                                           400                   498                         700

 Tritanope:                         Green                    Red                              

                                           400                     570                       700


The protanope sees short-wavelength light as blue, which becomes less saturated
 turns to gray at about 492nm.
  From 492 to 700nm yellow is seen and it becomes more saturated as wave​length increases.  The deuteronope lacks the green receptor and sees about the same blue/green split, though the gray point lies at 498nm.  And the tritanope sees greens and reds, with a neutral point at 570nm, the region that we call yellow.  


Notice that the protanope and the deuteronope both seem to see what we call yellow, at least as judged by the same subject with a second and normal eye.  This is a problem for the Young-Helmholtz, theory, since yellow is always the product of activity of both the red and the green receptors.  The figure below is from Helmholtz
 and shows the assumed response of each kind of cone.

                            Insert Figure From Turner, 1994, p. 106 About Here 

Notice that yellow, which occurs at about 570nm, or just to the left of B in the figure, requires a lot of activity of process 3, the red cone, and of cone 2, green.  It even requires a little of the blue process (the top function, 1).  Thus, if either the middle or the bottom process is missing - if there is no red or no green, there should be no yellow. There should be red for the deuteronope and green for the protanope.  But the Young-Helmholtz theory works well for colorblindness in general and in accounting for other phenomena.

tc  \l 1 "Achievements of the Young-Helmholtz Theory
# "Achievements of the Young-Helmholtz Theory   


The three-color theory of Young, Maxwell, and Helmholtz could produce mosspectral colors by mixing various amounts of three primaries, short-, medium-, andlong-wavelength.  It could account for complements, the producing of white or gray when colors such as red and green or yellow and blue are mixed, by assuming that stimulation of all three receptors produces white.  If this seems odd, notive that "red" and "green" complements are not pure hues - it takes red (600nm) and green (494nm) - bluish green - to produce gray or white.  A purer green requires a reddish purple (blue) and in other cases one may plausibly point to three primaries that are stimulated.


The theory accounts for adaptation, afterimages, and succes​sive contrast as the effects of fatigue of one or more receptor type.  Colorblindness is attributed to failure of the red process or the green process, producing protanopes and deuteranopes, and rarely, failure of the blue cones, producing tritanopes.  The difficulty here is that red-green colorblind people still "see" yellow - that is, they can discriminate yellow from other colors.
 Yet, yellow is the product of activation of the red and the green receptors, creating a problem for the three-receptor theory.  Additionally, the fovea seems to contain zones, such that RG sensitivity is greatest toward the center, while YB sensitivity is greater toward the periphery.  This, colorblindness, complements, afterimages, and successive contrasts may be more easily explained with an opponent-process model.

tc  \l 1 "Unconscious Inference - From Fechner?
# "Unconscious Inference - From Fechner?   


Color judgments were partly the basis for Helmholtz's promo​tion of unconscious inferences.  Gustav Fechner and Ernst Brücke had earlier emphasized inferences in perception and Fechner was a particularly strong influence.
  Helmholtz was very impressed with Fechner's discussions of colored shadows and was thereby led to emphasize "psychological factors," or unconscious infer​ences, far more than had others, including Fechner.


Fechner discussed colored shadows in 1838, strongly impress​ing Helmholtz.  The phenomenon consists in shadows cast by a stick or a small object onto a white wall when the illumination is of two different colors.  In the early 1800s, one illuminant was usually a candle, casting yellowish light, and the other was usually "white" daylight.  The shadow cast by daylight and illumi​nated by the candle appears yellowish.  However, the shadow cast by the candle and illuminated by the white daylight was seen as bluish, a complement to the yellowish surround.

*****INSERT ILLUSTRATION HERE******


Debate raged over why this occurred and the experiment was redone with many variations.  Finally, Gottfried Osann showed that the bluish shadow was still blue, even when viewed through a darkened tube that blocked the surrounding yellow field.
  Osann concluded that the blue must be "in the light" somehow - it cannot be produced as a contrast because of the yellow.  Fechner con​firmed this finding and confirmed it in a surprising way.


He showed in 1838 that the complementary color (blue in the example) does persist when viewed in isolation from the surround, but it also persists when the actual original illumination is changed - the view through the tube stays the same.  If a second candle is added to illuminate the bluish shadow, or if the origi​nal candle is blown out, the view through the tube remains bluish.  It changes only when we remove the tube and look directly at the shadow and its surround.


Fechner said that contrast colors are therefore not caused by "objective" factors in the stimulus.  Helmholtz, reading Fechner, went further and concluded that contrast is not in the stimulus light nor in the physiology of the viewer.  Fechner had also shown that simultaneous brightness contrast fades as we gaze at a dis​play.  That is, a black field and a white field "contrast" at a border, where the black is blackest and the white is whitest.
  Over a few minutes time, the fields fade toward a common gray.  But how can they happen?  The white areas gradually darken and we can attribute that to a fatiguing of the receptors exposed to white.
  But what of the lightening of the black?  Fatigue can play no part there and Fechner proposed that we make an uncon​scious and erroneous "judgment" and interpret part of the overall change to a lightening of the dark area.


Helmholtz agreed and went much further than Fechner in empha​sizing "psychological factors."  He proposed that we judge "white" as the color of sunlight and we ignore daily variations in sun​light that make it more blue at low intensities and yellow at high intensities.  He also noted that we see objects that we know to be white as white and not as various shades of gray, whether they appear in bright or in dim light. 


A second observation that impressed Helmholtz was provided by Heinrich Meyer in 1855.
 This is the often-described color con​trast demonstration in which a small piece of gray paper is laid upon a larger, vivid green field.  Sometimes a faint gray tinge appears around the edges of the gray, but the effect is weak if present at all.  But if a transparent white overlay covers both, the vividness of the green is reduced and a strong red contrast appears on the gray paper.  This proved to Helmholtz that contrast is not a physiological effect - if it were, the strongest effects would occur with the most vividly-contrasting color, not when it is washed out by an overlay, as it was here.  


Helmholtz' explanation was actually complex and assumed that we assess colors by unconsciously comparing them with white and this experiment means that desaturated green is taken to be white.  That means that the gray has too much red, hence is seen as red.  A second explanation was that we unconsciously infer that we are seeing the gray as through a green glass or veil.  To appear gray when seen through a transparent green medium, the object must be red.  Such inferences seem immediate, so common are they.


That was precisely the opposite of Hering's interpretation and we find the classic confrontation between nativism and empiri​cism.

 tc  \l 1 "Hering Versus Helmholtz
# "Hering Versus Helmholtz

 

The foreword to Hering's 1872 treatise set out his first and polemically most effective reply to Helmholtz's criticism of the nativist position.  It occupied only five pages, yet it was calculated for maximum polemical effect and - always important to Hering - maximum provocation of his opponents.

(they) have each its own language, and no one can write, or speak, for five minutes on the subject of colour without giving away that he does or does not accept certain of the funda​mental assumptions of one or the other.  Thus the view of Hering that the subjective inten​sity of, say, a whitish bluish green is due solely to the subjective intensity of its whiteness component, either is or is not a part of the speaker's mental furniture.

Questions to be Answered in this Section

1. What did Breuer and Hering discover about the vagus nerve?

2. What was the issue between “spirtualists” and “physilogists” (i.e. Hering and Helmholtz)?

3. How did Hering disagree with Helmholtz about light sensations?

4. How is there only yellow to Hering?  How was he proven wrong by the Young-Helmholtz theory?

5. How did the opponent-colors theory become influential?  What physiological evidence was found?

6. How did Helmholtz’ proof show Hering was correct? 


Ewald Hering had worked as a pure physiologist in Vienna, collaborating early with Josef Breuer, later to be Freud's mentor, in which Breuer showed the self-regulation of the respiratory function.
  Alone, Hering showed in 1870 that inflation of the lungs accelerates cardiac activity and vasoconstriction centers in the brain.  Such self regulation was a secondary focus of what was later to be the Hering School.


Breuer influenced him greatly and the two of them decided that the same nerve fibers of the vagus nerve
 carry impulses of two kinds - to inhale and to exhale.  Thus, nerves may have "multi-form potency,"
 which could be innervated in different ways and produce a sensation or its opposite.  They also found that the vagus did not produce the same effects when it was cut and the stump was stimulated.  Hence, mere conduction is not enough and nerves always act in a context.


For the rest of his life Hering held to the conviction that living things are equilibria of antagonistic processes.  He saw this as the naturalistic view and contrasted it with that of Helmholtz, which he described as a "spiritualistic" and relying on "psychological platitudes" to explain things that are physiological processes.  Oddly, it may seem to modern readers, Hering saw the empiricist/nativist debate as a side issue and of little importance.  The real issue was between "spiritualists" and "physiologists" - the spiritualist always limits the realm of the innate, so as to leave more room for the human spirit to operate.  And Helmholtz was a "spiritualist," since he attributed much contrast effects and other visual phenomena to "psychological factors," varieties of unconscious inferences.  A physiologist would look for physiological explanations, not psychic ones!  If he wanted a quarrel with the Helmholtz who had sworn an oath against vitalism years ago, this was the way to do it.


For Hering, every "subjective" light sensation has a "physio​logical basis in the organ of vision, and cannot arise merely out of false judgments."
  He coined the expressions "simultaneous and successive contrast,"
 referring to the brightness contrast ef​fects that Helmholtz had treated as two separate things, "con​trast" and "afterimages."  


Contrast was caused by the same physiological processes, in Hering's view, and his choice of terms reflected that. For exam​ple, in the retina, "visual substance" breaks down (dissimilates) under the effects of light (a "D stimulus") and builds up (assimi​lates) in the absence of light.  This is an "A process."   The rate of dissimilation depends on the strength of the stimulus and the momentary condition of the visual substance - as the D stimu​lus persists, the rate of breakdown decreases.  A rested eye exposed to strong light sees it as intensely bright, but it grows fainter as adaptation occurs.  


To explain successive contrast, Hering assumed that D-activi​ty in one retinal location enhances A-susceptibility to surround​ing areas.
  The effect decreases with distance and amounts to the suppression of activity in areas adjacent to stimulated areas - "D activity" induces "A activity" in neighboring areas.  This in​creased A activity, or opponent process in adjacent areas, makes  the surround appears darker.  The basic principle is that ratios are always important and - any light produces a brightness that is dependent on more than the absolute value of dissimilation (D) it produces.  What is seen is the ratio D/(D + A).


Successive contrast effects are differently explained, so that negative afterimages are a function of fatigue and positive afterimages are produced wholly implausibly, by destruction of the A substance, so that it cannot be at once replenished by the blood and the A process cannot contribute 


Hering emphasized that we must derive our descriptive con​cepts solely out of the sensations themselves - "We must rigorous​ly avoid confusing sensations with their physical or physiological causes, or deducing from the latter any principle of classifica​tion."
  His most famous application was to the analysis of color.

tc  \l 1 "Hering's Colors
# "Hering's Colors  


We can experience yellow-green and yellow-red and when we mix them there is no trace of red or green in the resultant - only yellow.  We can also experience red and yellow as orange and we can see cyan as blue and green.  But we never experience a simul​taneous red-green and we never see a bluish-yellow.  That, and the fact that yellow seems as pure a hue as one could see, led Ewald Hering to propose that the Young-Helmholtz theory was mistaken and that there are four primary colors, arranged as opponent processes - yellow/blue, red/green, and black/white.
  Sensations of red and green are encoded in a single pathway, so that excitation causes us to perceive one of the opponent colors and inhibition causes us to perceive the other.  The same holds for blue/yellow.


Hering and many others viewed yellow as a "pure" color - it was difficult to imagine it as a combination of red and green lights, as the Young/Helmholtz theory proposed.  On that score they were wrong, however, and it is easy to show that yellow is always a mixture of red and green.  It is shown with an anomalo​scope, a device for presenting two adjacent fields with different light sources illuminating them.
  One field is yellow, produced by a monchromatic "yellow" light, say of 570nm.  The adjacent field is also yellow, but produced by a mixture of red and green lights, say 660nm and 520nm.  The procedure was described by Gregory in his classic, Eye and Brain.
 


An observer adjusts the mixture of red and green lights so as to make a yellow that matches the monochromatic "real" yellow of the adjacent field.  The eye is then directed to a bright red light until the eye adapts and the red fades.  While the eye is adapted, the gaze is returned to the anomaloscope and the subject is asked whether the two fields still appear to be the same color.  The subject will see both fields as green and they will be the same green.  The match is not disturbed by the adaptation to red and there is no need to mix a different proportion of red and green in the mixture field to match the monochromatic yellow.  


If the same experiment is done, but the eye is adapted to green, then both fields will appear red - the same red.  This clearly shows that the yellow produced by monochromatic light is the same as the yellow produced by mixing red and green lights.  Hence, all yellows come from the mixing of red and green - that is, the response of the red and the green receptors in the retina.


The Young-Helmholtz theory and its backers won the day, it would seem, and the discovery of three chromatic
 photopigments in the 1960s seemed to cinch the case.  Cones that showed maximum sensitivity to 445, 535, and 570 nanometers embodied the blue (S), green (M), and red (L) receptors that the Young-Helmholtz theory required.
  The receptors were there and the color mixing data seemed "close enough." 


But yellow still seemed too pure and clear to be a compound. Hering's arguments were based on phenomenology, not quantitative studies, so the color matching "colorimetrists" following the Young-Helmholtz model pressed on while Hering languished.  But thinkers concerned with color perception always had Hering's opponent processes in mind, as noted by D.B. Judd in 1951:

The Hering (1905) theory of opponent colors has come to be fairly well accepted as the most likely description of color processes in the optic nerve and cortex.  Thus this theory reappears in the final stage in the stage theories of von Kries-Shrodinger (von Kries; Schrodinger, 1925), Adams (1923, 1942) and Muller (1924, 1930).


The opponent-colors theory became influential only in the 1950s, when the hue-cancellation experiment was devised by Jameson and Hurvich.

  The subject is asked to judge a light as reddish or greenish and to add enough green or red to to cancel the red​dish or greenish aspect, producing yellow, blue, or gray.  Results show that the most green is required to cancel a red of approxi​mately 610nm and that green of about 525nm requires the most red.  And they do cancel, as is the case when yellow and blue are used and "yellowishness" or "bluishness" is to be removed.  Hence, red/green and blue/yellow are phenomenally opponents.


Better evidence for opponent receptors comes from evidence that thresholds for cones depend upon the wavelength of stimulat​ing light and the stimulation of opponent cones.  For example, a long-wavelength (L, red) cone is most sensitive when stimulated with long wavelength light.  As wavelength is decreased, and some medium-wavelength (M, green) cone activity begins, the L cone requires more stimulation.  In general, a cone becomes less sensi​tive the more than an opponent cone is stimulated.  In fact, two lights that are visible when seen singly become invisible when shown superimposed.
  This opponent-process suppression may negate a signal that is more than five times the threshold value.  Visi​bility is sacrified in the service of opponent-colors encoding.


Physiological evidence for Hering's opponent processes ap​peared in the 1950s and 1960s, just as did evidence for the three receptors of Young and Helmholtz.  Svaetichen
 found retinal units in fish that showed opponent responses - one type increased firing when presented with red and decreased responding when red was shown, while others showed the opposite, or varied responding when yellow or blue was shown.  These and units that responded to black/white were higher-order (horizontal) cells and their discov​ery led to the discovery of opponent units in the visual system of monkeys by Russell DeValois.
  

tc  \l 1 "Helmoltz' Proof of Hering's Theory
# "Helmholtz' Proof of Hering's Theory   


Modern opinion holds that both the Young/Helmholtz theory and the Hering theory are necessary to explain the simplest phenomena of color vision.  There is abundant evidence for three chromatic pigments in the retina and for opponent processes higher in the visial system.  Interestingly, Helmholtz recognized this in his Physiologische Optik, published in 1896.
  On page 377, in a section never translated into English,
 Helmholtz proposed the way that a three-receptor mechanism, R, G, and B, could operate as an opponent-process system - R/G and Y/B.  The two equations below summarize this "proof:"

R - G = 1/ 6 (S - 2M + L)

Y - B + 1/ 2 (L - S)


The first equation specifies that red and green are a function of 1 over the square root of 6 multiplied by the quantity short wavelength contribution minus twice the medium wavelength contri​bution plus the long wavelength contribution.  If the result is positive, red results and if it is negative, green is seen.  The yellow/blue process depends only on the long and short wavelength contribution, so that 1 over the square root of 2 times the re​mainder of L - S and positive values are yellow, negative ones produce green. 


During the 1950s Hurvich and Jameson developed a quantitative version of Hering's model that included three inputs from S, M, and L receptors and operated as an opponent-process model.
  Such processes remained largely unknown, however, as did the large effect that color contrast has on our experience of color.  Thus, the advent of Edwin Land came as more a surprise than it should have. 

tc  \l 1 "Edwin Land Creates a Furor
# "Edwin Land Creates a Furor
   

We have come to the conclusion that the classical laws of color mixing conceal great basic laws of color vision.

Recently a jolt has been given to the more complacent by the American inventive genius Edwin Land.

As to Land's additional and extraordinary claim in these papers, that there are two, not three, types of photoreceptors, well, we all have off days.  (footnote: Of course, even on his off days, Land was worth a bil​lion dollars.)

Questions to be Answered in this Section

1. How were Land’s color mixing experiments different from Young and Maxwell’s experiments?

2. What did Land find by using different filters?

3. How did Land show the three-color “classic” theory to be flawed?

4. How was it all in colored shadows?


Like Ewald Hering, Edwin Land was not concerned with what colors matched what mixtures of other colors.  He was concerned with what was seen and color matching data seemed to have little to do with color appearance.  As far as he was concerned, that meant that the classic laws of color mixing were in error.


He had developed a way of producing low cost polarizing filters while in his early twenties and black and white instant developing (Polaroid) film before he was thirty.  He was planning to produce an instant color film in the 1950s and so was experi​menting with color in his laboratory.  What he found seemed in​credible, both to himself and to his critics - it is described in several sources.


Land repeated the original color mixing experiments of Young and Maxwell with one important difference - he used color trans​parencies of scenes, rather than pure hues.  In a key discovery, he obtained three photographic negatives of the same scene, each taken through a different filter - blue/short wavelength (S), green/medium wavelength (M), or red/long wavelength (L).  They were then converted to positive transparencies and projected through their original filters to provide superimposed pictures on a screen.  This is equivalent to projecting a color transparency on a screen - an ordinary kodachrome transparency gives us all the colors that we ever see and it does so by passing white light through a mixture of the dyes, S, M, and L, just as Young did.


According to lore,
 one of his projectors failed - the blue (S) one - and no one noticed a change in the colors of the scene.  The reds, blues, greens, yellows, oranges, and the rest remained unchanged.  Experimenting further, Land found that any two of the three projectors were sufficient to leave a normal scene - whether it be blue and green (S & M), blue and red (S & L), green and red (M & L) made little difference.  As long as the two wavelengths used were not too closely spaced, their combination seemed to produce normally colored scenes.  


Land even found quite acceptable colors when only one projec​tor, with a red (L) filter, was used and no filter was used on a second projector.  What one might expect is nothing but a pink scene with portions of varying saturation, but instead we find green and other colors not physically present.
  Land believed that he had shown the three-color "classic" theory to be fatally flawed and
 

...Land startled many people by arguing that there are only two, not three, types of cones.  He further went on to dismiss the significance of the color-matching experi​ments.  He wrote: "We have come to the con​clusion that the classical laws of color mixing conceal great basic laws of color vision" (Land, 1959, p. 115).  Land's sharp words, an arrow aimed at the heart of color science, provoked heated rejoinders from two leading scientists, Deane Judd (1960) and Gordon Walls (1960).


Early color films had used two colors, but no one realized how good they could be.
 And everyone knew that there had to be more to color vision than Young's three colors, since no mixture of three, or however many, primary colors could produce metallic colors, like gold and silver, or brown, perhaps the commonest color seen in much of the world.  What was needed was Land's pointing out the huge effect of contrasts and context, just as Fechner had pointed it out to Helmholtz a century before.  It was all in the colored shadows.


This is plain when we consider that Land's effects occur only when the scenes viewed are scenes, not when a color chart or completely unfamiliar display is presented.  The colors in a scene appear as complex patterns, producing contrasts and inferences, so that the three colors involved produce a far greater range of colors than when the same three lights appear as a simple pattern of overlapping circles.


Therefore, color cannot be explained merely in terms of wavelengths and intensities
 - we must include intensity differ​ences, objects represented in the colors, and general expectations and knowledge of normal colors.  Gregory
 pointed out that Land was careful to use objects the colors of which could not have been known - for example, reels of wire and patterns woven in wool.  But he found the same dramatic results.  Would Helmholtz have been surprised?  Hardly.

Timeline

1826 - 1850  

1826
Former U.S. presidents John Adams and Thomas Jefferson
                                       July 4, aged 90 and 83, respectively.


Collins axes are introduced at Hartford, Conn., by

storekeepers Samuel and David Collins.  

They will turn out 40,000 axes a month and Collins axes will


fell the trees of the American wilderness, while

Collins machetes clear tropical jungles for 165 years.
University College founded at London.
Lord & Taylor opens in New York as Samuel Lord, 23, borrows $1,000 from his wife's          uncle John Taylor. The Zoological gardens in London's Regent's Park will be open to the public two days a week in 1828 

and features the first hippopotamus to be seen in
   Europe since ancient Roman times.  Some bird and 

animal species will be saved from extinction.
The 6th edition of Thomas Malthus' Essay on Population
   expands the previous pamphlet into a massive book.

1827
German physicist Georg Simon Ohm, 38, finds that current
   flowing through a conductor is proportional to its 

voltage and inversely proportional to its resistance.
U.S. physicist Joseph Henry, 30 builds an electromagnet
   that can lift 28 pounds.  He will build one that can
   lift 2,880 pounds for Yale's Benjamin Silliman.
Bright's disease discovered by Richard Bright, 38, of 

Guy's Hospital in London.  Albumin in the urine
   provides the first diagnosis of kidney disease.
Contact lenses invented by English astronomer Frederick
   William Herschel, 35, whose father discovered the
   planet Uranus in 1781.
The Freeman's Journal in New York is the first U.S.

black newspaper.  Unlike the white press, it denounces

slavery and promotes education and thrift.
New Orleans has first Mardi Gras in February, French

students introduce the Shrove Tuesday event.

1828
Estonian naturalist Karl Ernst von Baer discovers the 
   mammalian ovum, founds embryology.
Noah Webster has studied 26 languages, worked 28 years,
   publishes An American Dictionary of the English

Language.  He introduces words like skunk and

applesauce, changes the spelling of words like
   colour and plough.
Dutch chocolate maker Conrad van Houten patents a method

for pressing the fat from roasted cacao beans and

produces the world's first chocolate candy.

1829
The Catholic Emancipation bill, passed over Tory

opposition by the duke of Wellington, gives British

Catholics voting rights and the right to hold many

public offices.
According to the U.S. Prison Discipline Society, at

least 75,000 Americans go to prison for debt each

year.  More than half owe less than $20.
New York sailing captain Cornelius van Derbilt, 33,

begins building steamboats.
French inventor Barthelemy Thimmonier, 36, invents the


   first practical sewing machine, gets a contract to
   produce French army uniforms.  A "Luddite" mob
   destroys one of his machines.
William Burke, 37, is hanged at Edinburgh for having

smothered victims and sold their bodies to physicians.
   Corpses needed for dissection cannot be legally obtained.
Karl Baedeker, 28, publishes his first travel guide.
Louis Daguerre, formerly painter of sets for Paris opera,
   goes into partnership with J. N. Niepce and 

accidentally discovers light sensitivity of silver

iodide.  Image forms if exposed plate is fumed with

mercury vapor.
Twins Chang and Eng, 18, arrive in Boston, will be

exhibited by P.T. Barnum, now 19.  They will marry

two North Carolina women, sire 22 children between

them, and maintain separate households.  They were

joined at the chest since birth.
Boston's Tremont House is first modern hotel.  Each

guest has a private room with a key, while other 
   hotels require strangers to sleep together, 
   spoon fashion, three and four to a bed.
London "Bobbies" introduced, named for Home Secretary

Robert Peel, are the first police force in a city

that has one highwayman or thief per 22 inhabitants.

1830
Brussels workers force out Dutch troops, Belgium created.
President Jackson signs the Indian Removal Act, Indians

will be moved to lands west of the Mississippi.
Mexico prohibits further colonization of Texas and

further importation of slaves.
British authorities declare that slaves from the 

schooner Comet, wrecked in the Bahamas, are free.

Washington protests.
London wine merchant-optician Joseph Lister improves the

microscope to modern form and will be the first to

ascertain the true form of red corpuscles.  His son 

will found antiseptic surgery.
Fayette, N.Y. farmhand Joseph Smith, 25, publishes The 

Book of Mormon in 522 pages at Palmyra.  Claims 
   that Indians were Jews who sailed in the 6th century 

and were visited by Jesus Christ.  Smith says that he

translated strange hieroglyphics from gold plates 

buried near Palmyra, revealed by an angel, Moroni.  
The Industrial Revolution has turned England's peasants
   into half-starved paupers, says journalist William

Cobbett, 67, who equates wretchedness with the

prevalence of potato.  He claims that domestic baking 

has been lost and housekeepers buy their dinner

ready cooked.
First tinned foods in English shops.
American congress makes abortion a statutory crime.

1831
Michael Faraday discovers the basic principle of the 

electric dynamo.  
Joseph Henry discovers a method for producing induced

current much like Faraday's.  The unit of induction 

will be called the Henry.


Henry invents a telegraph and demonstrates it at Albany,

NY.  But he does not patent not develop it.
The British Association for the Advancement of Science

is founded, modeled after the Gesellschaft Deutscher

Naturalforscher.
Charles Darwin, 22, embarks as ship's naturalist on 

H.M.S. Beagle.
Chloroform is invented independently by German chemist

Justus von Liebig, 28, and U.S. chemist Samuel 

Guthrie, 49.
Robert Owen tries to popularize contraceptive methods

more effective than the coitus interruptus method

now widely employed.

1832
Black Hawk leads his Sacks back into Illinois from the

west, begins a 4-month war that ends when the 

Illinois militia massacre the Indians at the 

Bad Axe River.
New York inventor Walter Hunt, 36, builds modern sewing

machine with eye through needle so thread interlocks

with a second thread carried by a shuttle.
Thomas Hodgkin, English physician, gives the first

description of a disease involving sarcoma, or 

malignant tumor, of the lymph nodes.
NYU art professor Samuel F.B. Morse begins development

of an electric telegraph.
Patriotic song "America" written in a half hour by 

Boston Baptist minister Samuel Smith, 23, using
        

           the tune of "God Save the King."

1833
German foundling Kaspar Hauser, 21, stabbed to death

while seeking information on his parentage.
Parliament orders abolition of slavery in British

colonies by August 1, 1834.  Owners will be paid.
Parliament forbids employment of children under age 9

and forbids children from 9-13 to work more than

48 hours a week.  They must receive 2 hours' schooling

a day.  Children 13-18 may work only 69 hours per 

week or 12 hours per day.  Tories object, as do Whigs

who favor Adam Smith's laissez-faire policies.  the

law applies only to textile factories.
American anti-slavery society founded at Philadelphia

by abolitionists, including James Mott, 45.
The Female Anti-Slavery Society is founded by Lucretia

Coffin Mott, 40, who finds that her husband's group

bans women.
English mathematician Charles Babbage, 41, proposes an 

"analytical engine," a digital calculator that will 

go far beyond his earlier machine of 1822.  He 

receives some government support but funding is

mostly from his own fortune.
Oberlin College in Ohio opens.  It admits qualified 

blacks and will admit women in 1838, becoming the 

first coeducational U.S. College.
The balloon-frame house invented by Chicago carpenter

Augustus Deodat Taylor uses a cage of two-by-fours 

to which a roof and siding are nailed.  Critics say


it will blow away like a balloon, but it revolutionizes

the housing industry.
The diaphragm contraceptive is invented by German

physician Friedrich Adolphe Wilde.

1834
British Poor Law eliminates dole for able-bodied men,

who must go to workhouses.
Unskilled U.S. workers demonstrate against abolitionists,

in fear that they will be displaced by freed slaves.  

Rioting in New York continues for over a week.
35,000 slaves go free in South Africa as slavery is 

abolished throughout the British Empire.
Spanish Inquisition begun in the 13th century is finally

abolished.
The U.S. Senate censures President Jackson March 28

for removing deposits from the Bank of the United

States.
John Jacob Astor's fur company has nearly exterminated

the beaver, cheated countless trappers, and left him
   the richest man in America.  He will invest in New

York real estate.
Cornelius van Derbilt has made $500,000 in the steamboat

trade.
Louis Braille, 25, blind since 3, invents a system of

raised point writing.
Gas refrigeration begun in England by U.S. inventor Jacob

Perkins, 58, who distills rubber, allows the liquid

to evaporate absorbing heat, and compresses it to 

liquid, can cool enough to freeze water.

1835
Chemists synthesize pain reliever salicylic acid, cannot
   produce a safe version.
London pathologist James Paget, 21, discovers Trichina, 

later associated with trichinosis, a disease resulting

from eating undercooked pork, bear, polar bear, fox,

rat, or marine animal.
Washington Irving describes honeybees, still spreading

west, harbinger of the white man and never far in

advance of the frontier.

1836
The Alamo falls.
Congress passes a resolution stating that it has no

authority over state slavery laws.
Galvanized (zinc-coated) iron invented in France.
Samuel Colt, 22, Hartford inventor, patents six-shooter.
McGuffey's Readers compiled by Cincinnati College

president W.H. McGuffey, 36, and will be used to

educate generations in virtues of frugality, industry.
New York's Astor House opens, sets new standards.
First printed American menu, issued by New York's

Delmonico's, lists as one of most expensive dishes

"Hamburg steak."
Some 75% of employed Americans are engaged in agriculture.

1837
Congress enacts a gag law to suppress debate on slavery.
Persian cuneiform inscriptions deciphered by German

archaeologist Georg Friedrich Grotefend, 62, reveal

something of life of 3,000 B.C.
Seminole leader Osceola is tricked into surrendering,


arrested under flag of truce.  Despite public outcry,

he is imprisoned, braves are defeated by Zachary

Taylor.  Osceola dies in a year in prison at Fort

Moultrie near Charleston, S.C., his tribe exterminated.
World's first kindergarten at Blankenburg, Thuringia, 

directed by Friedrich Fr|bel, 55.
Mount Holyoke Female Seminary in South Hadley, Mass. is

the first U.S. college for women.  Local educator

Mary Lyon begins with 80 women.
Samuel F.B. Morse patents telegraph, assistant Alfred 

Vail, 30, devises Morse code to replace earlier system

using numbers for letters.
Carlyle's The French Revolution published, after manu-

script was partly burned by John Stuart Mill's 

manservant.
Manhattan is only 1/6 buildings and pavement - the rest 

is farms and gardens.
Vermont-born John Deere, 32, invents self-polishing steel

plow, great increases farming efficiency.
Charles Dickens describes hunger among poor displaced 
   by the Industrial Revolution in Oliver Twist.

1838
14,000 Cherokees travel "Trail of Tears" from Georgia,
   Tennessee, and Alabama to Little Rock and beyond.

Escorted by General Winfield Scott, 4,000 will die.
German botanist Matthias Schleiden, 34, formulates the

cell theory of physiology.
German botanist Hugo von Mohl, 33, uses the word

"protoplasm" for the first time.
French physician Charles Cagniard de la Tour, 61, shows

that fermentation depends upon yeast.
Dutch chemist Gerard Johann Mulder, 36, coins the word

"protein," from Greek "of the first importance." 


            J|ns Berzelius relates iron in the blood to absorption

of oxygen, pioneers understanding of hemoglobin.

1839
Opium war begins between China and Britain after Chinese
   order destruction of 20,000 chests of Indian opium.
   British encourage addiction to keep workers subdued.
"To each according to his needs, from each according to

his abilities," written by French socialist Jean

Joseph Charles Louis Blanc, 28.
First real bicycle invented in Dumfries, Scotland by

Kirkpatrick MacMillan, 29, who adds pedals and a

brake to an earlier design.  For the first time a

person can travel self powered faster than one can 

run.
Charles Goodyear, 39, pioneers use of rubber - treats 
   sulfur to "vulcanize" - accidentally discovered the

process, financed research with profits from his

father's pitchfork - the first with steel tines.
Massachusetts inventor Erastus Bigelow, 25, devises a

power loom for two-ply carpets.
Germans Schleiden and Schwann publish on the cell theory.
Telegraph pioneer Samuel Morse makes the first

Daguerreotype portraits in America after a visit to

Paris.


West Point cadet Abner Doubleday, 19, devises baseball

rules.  The game is not new and was mentioned in a

novel by Jane Austen before 1816 (Northanger Abby.)1840
Queen Victoria marries her first cousin, Albert.
World's Anti-Slavery Convention opens in London, but
   abolitionist William Garrison refuses to attend, since

women are excluded.
English physicist James Joule, 22, relates heat produced
   by electricity to the product of the square of the

current and resistance.  He will formulate the first
   law of thermodynamics, the conservation of energy.
More than 200 steamboats ply the Mississippi.
U.S. has 2,816 miles of railways, Britain has 1,331,
   France has under 300.  U.S. has over 300 railroad

companies and track gauge ranges from 6' to 4'8.5".
Darwin's Zoology of the Voyage of the Beagle makes no

reference to evolution, variation, natural selection.
Johannes Peter Müller, 39, publishes Handbuch der

Physiologie der Menschen, revives vitalism of

Aristotle, proposes doctrine of specific nerve

energies.
First U.S. dental school is the Baltimore College of

Dental Surgery.
World's first adhesive postage stamp is the "penny 

black," bearing the head of Queen Victoria.  It was

produced by U.S. inventor Jacob Perkins.
Astronomer William Herschel discovers the solvent power 

of sodium hyposulfite (hypo) on silver salts, uses the

word "negative" to describe the reverse image produced

by Fox Talbot, who pioneered the true photographic

process.
Belgian Antoine Sax, 26, invents the saxophone.
Viennese ballet dancer Fanny Eissler, 30, introduces

polka to U.S.
First breeding herd of Hereford cattle brought from

Britain to Albany, N.Y. by Erasmus Corning and

William Sotham.
Swiss chemist Charles Choss demonstrates the need for

calcium for proper bone development.
Afternoon tea introduced by Anna, duchess of Bedford.
Some 207,000 Irish and 76,000 English emigrants leave

for the U.S.1841


            Arc lighting for street lamps demonstrated in Paris.
First successful breech-loading rifle invented by

Prussian, Johann Dreyse, 54.  Prussian army adopts

it in 1848 to replace muzzle loaders.
Scottish surgeon James Baird, 46, uses hypnosis.
First advertising agency founded by Philadelphian

Volney Palmer.
Thomas Carlyle's "Heroes and Hero Worship" includes the

line, "The history of the world is but the biography

of great men."
U.S. boxer Tim Hyer is first recognized fisticuffs champ.
Deutschland, Deutschland Uber Alles published with

lyrics by Breslau professor August Hoffman, set to


music of Joseph Haydn;s Emperor's quartet.  Becomes

national anthem in 1922.
New York State Fair at Syracuse begins tradition.
London has 2.2 million, Paris 935,000, Vienna 357,000,

Berlin 300,000, New York 313,000.1842
Britain's Mines Act forbids employment in mines of

females or of boys under 10.
Massachusetts limits working hours of children under

12 to ten hours a day.
Massachusetts Chief Justice Lemuel Shaw, 61, rules that

trade unions are not criminal conspiracies.
The British government withdraws support for Charles

Babbage's calculating machine after spending 17,000

pounds (and 20,000 of Babbage's) on it.  Prime

minister Peel jokes, "How about setting the machine 

to calculate the time at which it will be of use?"

An Italian engineer publishes an account of Babbage's

"difference engine" in French and it is read by 

Augusta Ada Lovelace, 27, the only legitimate daughter

of Lord Byron.  She translated it to English and had

it published over her initials.  She later published

a long and original piece and collaborated with

Babbage.  The two devise an "infallible" system for

betting on horse races that uses the "difference

engine and its punched cards.  They lose heavily.
English sanitary reformer Edwin Chadwick, 42, exposes

the deplorable conditions of the milltown slums.
Baron Justus von Liebig suggests that animal heat is the

product of combustion, founds biochemistry.
First recorded operation under general anesthesia 

performed by Jefferson, Georgia physician Crawford

Williamson Long, 27.  Friends knew of Humphrey Davy's 

1799 paper on nitrous oxide, request a "laughing gas" 

frolic.  He proposed that sulfuric ether works as well.

He notices that partygoers bruise themselves but feel

no pain, so he used ether on James Venable to remove

a cyst from his neck.  He published a report in 1849.
Florida physician John Gorrie, 39, pioneers air

conditioning to comfort his sick wife.  He sets a 

vessel of ammonia atop a stepladder and lets it drip,

thus producing an artificial ice maker.

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 George

Williams, 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 leads to emigration of many young men to

Wisconsin.

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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�   Sources for this section include R. A. Littman (1979) Social and Intellectual Origins of Experimental Psychology. in E. Hearst (Ed.) The first century of experimental psychology.  Hillsdale, NJ: Erlbaum, pp. 39-86 and Geraldine Joncich (1968) The sane positivist.  Middletown, CT: Wesleyan University Press.





�   Thomas Huxley, in Brain, R. (Ed.?)  The Oxford dictionary of quotations. Oxford: Oxford University Press, p. 269





�   Thomas Huxley, Ibid.   According to Stephen Jay Gould, this was said by Huxley in a dinner sonversation with Herbert Spencer and recounted in Francis Galton's autobiography.  S.J. Gould (1993) Eight little piggies: Reflections in natural history. New York: Norton, pp. 439-440.





�   C. P. Snow, in The Oxford dictionary of quotations, p. 512





�   Littman, p. 45.


�   This is as opposed to the scholastic universities that continued to concentrate on prescientific subjects, especially theology.


�   Halle lies about 20 miles NW of Leipzig in the eastern part of Germany.  The university was founded by Frederick, Elector of Brandenburg, later Frederick I, King of Prussia.  The composer George Frederick Handel was born in Halle.





�   We have seen (Chapter 6) that John Locke's education in the mid 17th century was similar to that current in the 13th century.





�   Where Kant's grandfather was buried, see Chapter 6.


�   Baron Wilhelm von Humboldt, philologist and statesman known for his analyses of languages as reflections of the cultures of their users.  His brother, Baron Alexander von Humboldt, was a noted naturalist and explorer of Latin America.  The university was later renamed Humboldt University.  


�   Geraldine Joncich, The sane positivist, Wesleyan University Press, 1968, p. 67.





�   See Chapter 7.


�   Littman, p. 47, obtained these data from an unpublished Johns Hopkins dissertation by Albrecht, 1960.





�   For discussion of other features of early American educa�tion, see Chapter 7.  The Scottish Commonsense Philosophy that was so popular did not encourage research, particularly in psy�chology.





�   Freud, 1935, Autobiography.


�   James, 1890





�   Eckart Scheerer, Psychological Research, 1987, 49, 197-202.  (This journal was formerly Psychologische Forschung, the organ of the early Gestaltists)


�   Fechner, 1882, quoted in Scheerer.





�   Scheerer, referring to a paper presented by Buffart in Leipzig and a translated paer of Fechner's, "Thoughts on the Psychophysical Representation of Memories."  This appeared in Psychological Research, 1987, 49.





�   1795-1878


�   E. H. Weber, De pulsu, resorptione, auditu et tactu; annota�tiones anatomicae et physiologicae, 1843, reproduced in part in Herrnstein & Boring, 1965, pp. 64-66.





�   reprinted in Herrnstein & Boring, p. 64.


�   a dram is 1/8th of an ounce.


�   the ratio in this last case is only 3/100, or 1/33.3.  This is less than the minimum 1/30 that Weber found necessary.





�   emphasis added.


�   James' 1890, Vol. i, pp. 534-537.  He excerpted from Wundt's Vorlesungen über Menschen und Thierseele, 1863, a book that we know as Lectures on Human and Animal Psychology.  


�   This is common today, of course, as evidenced in the popu�larity of Vitamin C, seaweed, bran, and so on.  In the 1860s, phosphorus was the wonder nutrient and promoters spread the slogan, "Ohne Phosphor, kein Gedanke;" The naturalist Louis Agas�siz (not to be confused with his son, Alexander) even suggested that fisherman were more intelligent than others because of the phosphorus in their fishy diet!  William James noted (Vol. i, p. 101), that thinking stops without water or salt, so we might say, "Ohne Wasser oder Kochsalz, kein Gedanke."


�   "Beweiss, das der Mond aus Jodine besteht."


�   "Scheitern am Erfolg"


�   The little book concerning life after death.


�   Reference - I have it, but can't find it right now.


�   Nanna, oder der Seeleleben der Pflanzen.  Odd though this may seem, Alfred Binet, the founder of practical mental testing, published a piece on the mental life of micro organisms in 1881.


�   Many before and after Fechner held the same view - belief in a metaphysical monism and an epistemological dualism, but they did not share his fanatic ambition to convince others.


�   Only the first volume of the Elemente has been translated into English.  Only two other books have been translated- a collection published under the title  Religion of a scientist in 1946 and life after death (Büchlein vom Leben nach dem Tode) in many editions - the newest 1946.  Scheerer noted that this is only 5% of the 25,223 pages he published in 176 items.





�   Now called the method of constant stimuli and the method of adjustment (or reproduction), respectively.  





�   Later the method of comparative judgment was added and used in esthetic studies, as well as in the case of a dispute over a painting.  Both Dresden and Darmstadt claimed to have the origi�nal "Madonna" by Holbein and Fechner was called in to decide the issue.





�   Boring, 1950.


�   This is why Fechner's methods are often designated as "indirect scaling."





�   Hence, debate over the issue for a century!


�   at least, according to Fechner's argument


�   excerpted in Herrnstein & Boring, pp. 66-75.


�   Zend-Avesta; oder über die Dinge des Himmels und des Jen�seits.  Leipzig: Vo~, 1851.


�   Fechner, 1882, quoted by Scheerer, 1987, p. 200.


�   Again, see Scheerer, 1987.


�   Psychological Research, 1987, 49.


�   This was, of course, the view of Democritus two thousand years before (see Chapter 3).





�   The standard reference is D.E. Rumelhart, J.L. McClelland, & the PDP Research Group (1986)  Parallel distributed processing: Explorations in the microstructure of cognition.  Cambridge, MA: MIT Press.





�   1987, p. 201.


�   Institute für Kognitionsforschung, Universit{t Oldenburg, Postfach 2503, D-2900 Oldenburg, Germany.





�B. Bridgeman (1986). Relations between the physiology of attention and the physiology of consciousness. Psychological Research, 48, 259-266.


�   Stevens, S. S. (1967). The market for miracles, a review of C. E. M. Hansel (1966). ESP: A scientific evaluation. New York: Charles Scribner's Sons.


�   Indeed, Titchener, Merkel, and other turn-of-the-century researchers used direct scaling methods, including fractionation and magnitude estimation.


�   A scale for the measurement of a psychological magnitude: Loudness. Psychological Review, 1936, 43, 405-416.





�   See Kling & Riggs, 1971, Chapter 3.


�   Engen & Tulunay, 1956 - JEP 58, 204-212.


�   In experiments of this kind, data are usually transformed in a way designed to approximate a real psychology function.  Prob�lems attend this practice and it is irrelevant to our discussion.





�   1.662 and 1.665, respectively.


�   1954, Journal of the Acoustical Society of America





�   1956, Stevens and E.C. Poulten The estimation of loudness by unpracticed observers, JEP, 51, 71-78.





�   The method was first used by Merkel around 1890, according to Titchener, 1905.





�   For example ...


�   1/10th second


�   Galanter, 1962; green & Swets, 1966


�   Galanter, 1962


�   Needless to say, "really" doesn't mean much here, as John Stuart Mill would point out.





�   Helmholtz' theory of unconscious inference embodies that principle, as does the functionalist account of sensation and perception promoted by William James, James Angell, and others.


�   Bartlett's, 16th edition, 496, 18.


�   Part of a poem published by the British magazine Punch in 1894 and republished the following week by the journal Nature.  In Warren, R. M. & Roslyn P. Warren, Helmholtz on perception.  New York: Wiley, 1968, p. 15.


�   Boring, 1942, S&P in the HoEP, pp. xi-xii





�   A common occurrence, remarked upon by Locke and many others.


�   Boring, 1950, 297-315


�   R.M. Warren & R.P. Warren, Helmholtz on perception, Wiley, 1968, p. 3.





�   How many promising scientists and scholars must have suf�fered a similar fate over the centuries and how many still do?


�   Warren & Warren, p. 4.


�   Despite the name, he was German, born and raised in Berlin.  He was a pioneer in the study of the electrical, and then the chemical, bases for neural conduction.


�   Brücke was a teacher of Freud decades later and directed the Institute of Cerebral Physiology in Vienna.





�   Masses of cell bodies.


�   Baron Justus von Liebig (1803-1873) was professor at Giessen and trained some of the greatest scientists of the 19th century.  He established the first chemical research laboratory for stu�dents and was a pioneer in physiological chemistry.  In 1852 he became professor of chemistry at Munich.  The father of agricul�tural chemistry, he successfully experimented with artificial fertilizers.


�  Warren & Warren, pp. 5-6, point out that he was unable to publish this momentous paper, since it was judged to be insuffi�ciently experimental - it was finally published privately, in 1847, as a pamphlet!  So much for the judgment of journals.  He was also accused of dishonestly borrowing from Robert Mayer, who had earlier proposed this law of physics from physiological considerations.  Additionally, James Prescott Joule, British physicist, had earlier shown the equivalence of heat energy and mechanical energy and hinted at the principle of conservation. (Webster's Encyclop.)  Mayer is credited for the basic idea and Joule for its experimental verification.





�   Warren & W. p. 6


�   See Chapter 10.


�   This is covered in Chapter 11.





�   Warren & W., p. 11


�   Warren & Warren, p. 12.


�  From his "The Recent Progress of the Theory of Vision," in Popular Scientific Lectures, 1873.  Reproduced in Warren & War�ren, pp. 61-138.





�   Ibid, p. 134.  On the same page Helmholtz expressed wonder that all of knowledge can be expressed in the 26 shapes of the alphabet letters.  This remark was attributed to Bertrand Russell by Skinner (1974).





�   1932


�   1964


�   M.A. Vince, (1964) Social facilitation of hatching in the Bobwhite Quail.  Animal Behavior, 12, 531-534.  Vince found that the synchronizing effects of auditory stimulation leads eggs in a clutch to hatch at the same time.





�   Ernst Werner von Siemens (1816-1892) was a member of a family of technologists.  He patented an electroplating process in 1842, a differential governor in 1844, and a steam engine.  He was also a major participant, with his brother, Sir William, in the laying of the atlantic cable in 1874, from the ship Faraday, by a company that he owned.





�     Chapter 7.


�  The Optics, Vol. 3


�   Gregory, 1987; Hebb, 1949


�   The horoptor refers to the shell around us formed by the loci of points at our present focal length.  Anything nearer or further away must appear double, due to retinal disparity.


�   1886


�   Helmholtz, 1866, section 26, pp. 570-571.





�   1866, section 26, p. 587.


�   Available in 1997 in Leading Edge catalog.


�   1858-1927, OCTTM, 1987, p. 663


�   See the end of Chapter 7, Mill's theory of belief.


�   The notion of schema originated, of course with Kant - see Chapter 5.





�   M. Norton Wise (1994). The Helmholtz Program. Science, 265, 974-976.  A review of David Cahan (Ed.) (1994) Hermann von Helm�holtz and the foundations of nineteenth-century science. Berke�ley, CA: University of California Press.





�   as a perhaps unreachable upper limit


�   That lore arises largely from a report by Goren, Sarty, & Wu in 1965.  The senior author was an OBG MD and PhD who delivered the babies herself.  If that report were reliable, infants do recognize faces at a few hours of age.  But no one cites that study, especially T. G. R Bower, the acknowledged expert in perception in early infancy.  One must suppose a failure to replicate this study, unsurprising, since it contradicts what is known of the sensory capabilities of infants.   This is discussed further in Chapter 14.


�   that is, at least back to Berkeley


�   1982, p. 140.


�   p. 116


�   T. G. R. Bower, 1982, pp. 262-263.


�   Matlin & Foley, 1992, p. 441


�   Goldstein, p. 327


�   This is contrary to a grossly simplified view of Gestalt psychology.





�   who can also see you clearly, albeit in black and white.


�   The Origin of the Correct Interpretation of our Sensory Impressions, translated by the Warrens and appearing in their collection, pp. 249-260, published in Zeitschrift für Psychologie und Physiologie der Sinnesorgane, 7, 81-96, the summer that he died.  Recall Hume, the Mills, and Baine, for whom attention was by no means voluntary.  This was especially true for James Mill.





�  Reprinted in the Warrens, p. 259


�   a characteristic of virtually all people.


�   Abriss der psychologie, 1908


�   Ebbinghaus, 1885, p. 6, from Roediger, 1985, p. 519.





�   Woodworth, 1909, p. 255, cited by Roediger, 1985, p. 523.


�   Jacobs, 1885, reviewing Ebbinghaus' first book.   Ebbinghaus was never so "visionary."  This was quoted by Roedinger.


�   The site of the model for the modern research university





�   His concern with awareness and the unconscious was evident in his later memory research.





�   Though that seems unlikely, given H. L. Roediger's recent article - CP, 1985, 30, 519-523, "Remembering Ebbinghaus."  Ebb�inghaus' copy of Fechner was an English edition.





�   "I got it only from you," quote from Boring, 1950.





�   It was not translated into English until 1913 as Memory: A Contribution to Experimental Psychology, Teacher's College Press.  A 1964 Dover edition also was published.





�   Hall had founded the American Journal of Psychology in 1887.





�Boring, 1950, p. 390.





�   1885





�   Called nonsense syllables, though some words appeared, as he noted.





�   Woodworth, 1938.


�   James tried to communicate to the reader that this is fairly amazing.  Why should we better remember something that we read twenty times absent-mindedly than when we read it five times?


�   After Woodworth, 1938.


�Roediger, 1985, p. 520.


�   18885, 28-30, in Roediger, p. 521.


�   Ibid, p. 521.


�   Miller, 1956


�   1966


�   Hawkins & Kandel, 1984.


�   1986


�   See Chapter 13.


�   1984


�   Turkkan, J.S. (1989). Classical conditioning: The new hege�mony. Behavioral and Brain Sciences, 12 121-179.  This paper surveys the many areas, both in basic research and in applied areas, where classical conditioning is currently used.  Her main article is followed by commentaries from a variety of experts in the areas addressed, as is the practice of this journal. 


�   This was true in America, as well, and applies to textbooks in the sciences in general - chemistry and physics texts were translated from German or even French.


�   From Jones, E.B. ((1871/1975). The Royal Institution: Its founder and its first professors.  New York: Arno Press.





�   Geoffrey Chaucer (1343-1400), In Kaplan, J. (Ed.) (1992). Bartlett's familiar quotations. Boston: Little, Brown, and Compa�ny, p. 128-8.





�   James Clerk Maxwell (1831-1879), BFG, 516-6


�   The name given by some European armies to cavalry


�   due to unfavorable winds that drove his ship south


�   This is an unusual activity for a Fellow of the Royal Socie�ty, whose election was due to his scientific accomplishments!


�   One who could cast a vote for Holy Roman Emperor; see Chap�ter 5.


�   Bear in mind that the Royal Institution was not connected with the Royal Society, founded in the seventeenth century around Boyle, Newton, Wren, Locke, and others.


�   Recall Lavoisier's "caloric" and the phlogiston theory that was replaced.  See Chapter 5.





�   It is ironic indeed that he met Mde Lavoisier, the great chemist's widow, and married her.  This turned out to be a great mistake.  During some of their long and violent quarrels, she would pour boiling water on his prize flower garden.





�   p. 121





�   1778-1829.


�   1773-1829


�   pp. 230-231


�   p. 237


�   Perhaps influenced by Thomson's then-recent proposal that light and sound are transmitted similarly.





�   Young, T. (1802). On the theory of light and colors. Philo�sophical Transactions of the Royal Society of London, 92 12-48.The experiment is described in Turner (1994), pp. 54-55.





�   A basalt slab inscribed in greek and two types of Egyptian text, one hieroglyphic.  The stone is kept in the British Museum.





�   p. 272


�   Quoted in Trager, J. (1992). The people's chronology. New York: Henry Holt, p. 357.





�   Turner, R. S. (1994). In the eye's mind: vision and the Helmholtz-Hering controversy. Princeton, NJ: Princeton University Press, p. 4.


�   Edwin Land, 1959, quoted in Wandell, B.A. (1995). Founda�tions of vision. Sunderland, Massachusetts: Sinauer Associates, p. 287.


�   Wandell, B.A. (1995). Foundations of vision. Sunderlanf, MA: Sinauer Assoc., p. 288.


�   Gregory, 1978, p. 124.





�   Wandell, 1995, p. 282.


�   Wandell, 1995, p. 187.





�   1675, reprinted in Herrnstein & Boring, 1965, p. 8.


�   do, re, mi, fa, sol, la, te..... or, as he put it in Prop. VI, Prob. II of his Optics, 1730, 4th ed., "Sol, la, fa, sol, la, mi, fa, sol.  Reproduced in Sahakian, W.S., (Ed.) (1968). History of psychology: A sourcebook in systematic psychology. Itaska, IL: Peacock.


�   This is indeed the case.  One major failing of the theory, as pointed out by Richard Gregory in Eye and brain, is that no combination of three wavelengths can produce brown or metallic colors, such as silver and gold.  This failing was one reason for Edwin Land's Retinex Theory, popular in the 1960s.  In 1995 it was finally possible to produce brown by mixing lights and that required an odd mixture of background "noise" across the spectrum and wavelengths in the region of(reference)





�Gregory, R.L. (1978). Eye and brain. 3rd ed. New York: McGraw-Hill.





�   Details and supporting arguments may be found in Gregory, cited above, and in Turner, R. Steven (1994). In the eye's mind: Vision and the Helmholtz-Hering controversy. Princeton, NJ: Princeton University Press.





�   In Helmholtz' Wissenschaftliche Abhandlungen, 3 vols. Leip�zig: J.A. Barth, 1895.  Described in Turner, 1995, pp. 95-99.


�   Turner, p. 96.


�   Maxwell, 1855, p. 136, excerpted in Turner, 1994, p. 101.


�   Handbuch der Physiologischen Optik, 3 pts. 1st German edi�tion: Leipzig: L. Voss, 1856, 1860, 1866, reissued as a whole with supplements, 1867.





�   Those missing one color response, usually either red or green.





�   True color blindness means lack of all color vision, and such "monochromats" see only shades of gray and are very rare.  As I use "color blind" I really mean "color deficient."  


�   This is a statement difficult to define and so I will not try.





�   Graham, C.H., Sperling, H.G., Hsia, Y., & Coulson, A.H. (1961). The determination of some visual functions of a unilater�ally color-blind subject: Methods and results. Journal of Psy�chology, 51, 3-32.





�   Goldstein, E. Bruce (1989). Sensation and perception. Bel�mont, CA: Wadsworth, pp. 33-135.


�   washed out, infused with white or gray.


�   The visible spectrum runs from about 400nm to 700nm, or billionths of a meter.  Corresponding frequencies begin at about a million Hz (herz), or cycles/sec.


�   Reproduced in Turner, p. 106.


�   and, as noted above, they apparently do "see" yellow.


�   Turner, 1994, pp. 109-110.


�   Reported in German by Fechner (1838) and described by Turn�er, p. 110.


�   These accents are called Mach Bands.


�   As Fechner did in 1840, described by Turner, p. 110-111.


�   in German, described by Turner, p. 111-112.


�   In this case, the labels "physiological" versus "psychologi�cal" are equally apt.


�   Turner, p. 121.


�Christine Ladd-Franklin, 1916, excerpted in Turner, 1994, p. 219.


�   Hering-Breuer reflex.


�   the tenth cranial nerve.


�   Turner, p. 121.


�   Hering, E. (1878/1874). Zur Lehre vom Lichtsinne.  Sechs Mittheilungen 	an die kaiserl. Akademie der Wissenschaften in Wien. 2nd. ed. Wien: Carl Gerold's Sohn. Reprint of Hering, 1874, quoted in Turner, 1994, p. 125.
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