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HENRY PICKERING BOWDITCH, PHYSIOLOGIST1 
By Dr. WALTER B.CANNON 

HARVARD MEDICAL SCHOOL 

SIXTY-EIGHTyears ago a young chemist, Charles W. 
Eliot, was the new president of Harvard University. 
Almost from the first he undertook the hard task of 
revolutionizing medical education. I n  his report for  
the academic year 1870-71, he wrote that the corpora- 
tion and overseers had "changed the title of the Park- 
man Professor of Anatomy and Physiology in the 
Medical School. Physiology having been made a 
separate branch of instruction, and an assistant pro- 
fessor having been appointed to  teach it, the Parkman 
Professor will hereafter teach anatomy only." The 
change, it was explained, was made with the assent of 
Oliver Wendell Holmes, fo r  twenty-four years the 
incumbent of the combined chair. And later in the 
report President Eliot added, "The appointment of 
a n  Assistant Professor of Physiology and the equip- 
ment of a. physiological laboratory has put  that depart- 

1An address given at  the celebration of the fiftieth 
anniversary of the founding of the American Physio-
logical Society, Baltimore, April 1, 1938. 

ment of instruction upon a much better footing than 
before." 

The comment is justifiable that no great change was 
required to bring about a considerable improvement. 
The literary Parkman professor had lavished his flow- 
ery adjectives on bodily structure, and had paid only 
incidental tribute to bodily function. H e  was, indeed, 
impressed by the revelations of the microscope, which, 
he declared, has "cleared u p  many uncertainties con-
cerning the mechanism of special functions." Unfor-
tunately, however, nature had been reluctant. "If any 
prying observer," he wrote, "ventured to spy through 
his magnifying tubes into the mysteries of her glands 
and canals and fluids, she covered u p  her work in blind- 
ing mists and bewildering halos, as  the deities of old 
concealed their favored heroes in  the moment of 
danger." But  progress was recognized. "Science has 
a t  length sifted the turbid light of her lenses, and 
blanched their delusive rainbows." 

Though there is evidence that Dr. Holmes in his lec- 



F o r  purposes of analysis, five of the scales were 
selected for  resolution into principal components. 
These scales were: 

Attitude toward the Bible Scale No. 29 
Attitude toward God (the reality of God) Scale No. 21 
Attitude toward Sunday observance Scale No. 26 
Attitude toward censorship Scale No. 28 
Attitude toward treatment of criminals Scale No. 9 

The Hotelling principal components for  each of 
the batteries is given in Table 1. 

TABLE 1 

THE PRINCIPAL FOR BAT-COMPONENTS TWOCOMPARABLE 
TERIES O F  ATTITUDESCALESTHURSTONE 

Principal Components for Battery A 

yl yz ya y4 y,
Root ................. 2.97 .48 .37 .I9 .12 
Per cent. of total vari-

ance ............... 72 116 9 46 3  

Correlation of the y's of Battery A with 
Bible A . . . . . . . . . . . . . .  .83 -.00 -.27 -.28 .17 
God reality A . . . . . . . . .  .87 - .O1 -.28 .07 - .25 
Sunday observance A . .  .69 .56 .14 .14 .07
Censorship A . . . . . . . . .  .75 - .I4 .45 - .I8 -.09 
Criminal A . . . . . . . . . .  .69 - .39 .04 .27 .14 

Princival Comvonents for Batteru B 
r r E r, r,

Root ................. 3.03 .49 .30 .26 .06  
Per cent. of total vari. 

ance ............... 73 12 7 6 2  

Correlation of the r's of Battery B with 
Bible B . . . . . . . . . . . . .  .86 - .22 .09 - .21 . l7 
God reality B . . . . . . . . .  .89 - .25 .04 - .14 - .18 
Sunday observance B . . .  .76 .25 .35 .26 .OO
Censorship B . . . . . . . . . .  .88 .53 - .23 - . l 6  .OO 
Cri~ninal B . . . . . . . . . . .  .69 - .20 - .33 .32 .02  

Each individual's score was resolved into y and I? 
scores for  each of the two batteries. The correlations 
between the y and scores were then computed. 
These are reported in Table 2. 

TABLE 2  
THE INTERCORRELATIONOF COMPONENT PRINCIPAL SCORES

DERIVEDFROM TWOCOMPARABLETEST BATTERIES 
os THURSTONE ATTITUDESCALES* 

* Where y refers to the principal components of Battery A
and r refers t o  the principal components of Battery B. 

I n  a sense, the correlations of Table 2 are an esti-
mate of the reliability of the principal components, 
since they are correlations between a test and, pre- 
sumably, a comparable form, i.e., considering r, a 
comparable form of y,; r,, a comparable form of Y , ;  

etc. The reliabilities thus are .95, .20, -.13, .58 and 
.32. Obviously all components beyond the first are 
too unreliable fo r  individual prediction. I n  other 
words, information of the five scales might have been 

obtained best by one good test. Further, it should be  
noted that rrzy3= .65 and rr3Y2=.61, indicating that 
an inversion in the order of importance of the prin- 
cipal components occurred in Batteries A and B. 

I f  account is taken of the inversion the reliabilities 
of principal components are in order .95, .65, .61, .58 
and .32 indicative of increasing error variance with 
decreasing importance of the principal components. 
This is to be expected, since each successive compo- 
nent contains less of true information and more of 
error variance. As a matter of fact, the Hotelling 
method squeezes the error to the last and least impor- 
tant component. 

The intercorrelations of the y's of Battery A a re  
zero, except that rylyl,ryzYz,etc., equal 1. Similarly, 
the intercorrelations of the r ' s  of Battery B are zero, 
except that r 1 r p ,  rp,r,, etc., equal 1. Yet certain of 
the intercorrelations between Y and r, excepting those 
between y, and r,, y, and r,, y, and r,, y, and r, 
and Y, and I?, di£€er significantly from zero. 

The causes of the lack of stability in the results 
may be due, among others, to the lack of comparabil- 
ity in the scales, the relative unreliability of the scales, 
the smallness of the sample, the variability in  the sub- 
jects and the like. Nevertheless, i t  seems reasonable 
to require an additional condition of statistical factor 
methods, viz., reliability of components. 

The reliability of principal components beyond the 
first is such as  to lead one to believe that psychological 
nonsense may be a consequence of a too devoted de- 
pendence upon factor methods. Traits beyond the 
first will be inadequately identified and, hence, fre-
quently misnamed. 
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NEW WILEY BOOKS  
Hearing: 

Its Psychology and Physiology 
By 8. SMITH STEVENS, PH.D., Instructor in Psyohology, Harvard University, and HAL- 
LOWELL DAVIS, M.D., Assooiate Professor of Physiology, Harvard University Medical 
School. 

An important book for the student of psychology, physiology, acoustics, and otology. I t  is intended to 
provide the student with the fundamentals of the science of sound-with a minimum of mathematics 
-to tell him what he hears when a sound reaches his ears, and what are the systematic relations between 
stimulus and sensation. The later chapters offer a study of the functional anatomy and physiology of 
the ear. I t  has been the authors' aim throughout to present a systematic and consistent picture of the 
auditory process. 489 pages; 167 illustrations; 6 by 9; $4.50 

General Biology 
By PERRY D. STRAUSBAUGH, PH.D., Professor of Botany, West Virginia University, 
and BERNAL R. WEIMER, PH.D., Professor of Biology, Bethany College, West Virginia. 

Here an attempt has been made to develop a dynamic textbook, based on living things and giving a 
fundamental understanding of structure and function. Such a treatment emphasizes not the machine 
and its functions, but rather the plant and the animal as working machines, thus enabling the student . 
to form a mental picture of the organism as a whole. To this end the authors have endeavored to 
present a continued story throughout, using the functional aspects of organisms to give unity and con- 
tinuity. The book is written primarily for undergraduate students, and the content is kept a t  the Col- 
lege level. The development is based upon the pedagogical principle of proceeding from the known to 
the related unknown. Moreover, the emphasis is placed upon the usable and the essential. 

555 pages; 284 illustrations; 6 by 9; $3.75 

The South: 
Its Economic-Geographic Development 

Ry ALMON E. PARKINS, Professor of Geography, George Peabody College for Teachers, 
Nashville, Tennessee. 

This volume describes the civilization of the South, mainly in its economic-geographic aspects, and 
interprets this civilization in terms of its regional setting and its historical antecedents. To develop 
this theme the author has first described the Southern environment, i.e., natural and man-modified-the 
surface features, the climate, the biota, the soils, the mineral and power resources, and the natural 
transportational facilities. Second, he has described, interpreted and explained, insofar as possible, 
the cultural features and patterns and institutions that Europeans and their descendants have evolved, 
in their occnpancy of this region. I n  this book cultural features and patterns embrace means of trans- 
portation and communication, cities, rural and industrial landscapes, types of agriculture, mines, factories 
and workshops, etc. 528 pages; 154 illustrations; 6 by 9; College Edition, $4.00 

Calculus 
By EDWARD S. SMITH, M.E., PH.D., Professor of Mathematics, MEYER SALKOVER, 
PH.D., Associate Professor of Mathematics, and HOWARD K. JUSTICE, C.E., PH.D., 
Professor of Matl~~matics,  A11 a t  the University of Cincinnati. 

A rigorous and practical book for use in both liberal arts and engineering colleges. Outstanding features 
are: (1) Introduces the central problems of calculus, such as integration and its applications, a t  an early 
stage when manipulation is comparatively simple; ( 2 )  Places emphasis on practical applications; ( 3 )  
Presents the material simply yet thoroughly; (4) Offers over 2,000 graded problems chosen from the 
various fields of science; and (5) Includes nearly 300 illustrations. 

558 pages; 269 illustrations; 6 by 9 ;  $3.25 

JOHN WILEY & SONS, INC., 440 FOURTH AVE., NEW YORK 
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THEY NEVER LOOK PUZZLED WHEN 
YOU SHOW THEM PICTURES 

Why make pupils grope blindly in a tangle of words when a single picture would 
reveal the meaning vividly and unforgetably? Balopticon projected pictures, that 
the whole class can see, translate words into a universal language that every pupil 
can understand. 
Wherever Balopticon projected pictures are used, standings and pupil interest, in 
nearly every case, are markedly improved. 
B & L Balopticons are available, designed especially for educa- 
tional use, adapted to projection from pictures or clippings, lan- 
tern slides, still films or from actual objects or specimens. They 
are built to the same standards of accuracy and rugged dependa- 
bility as are the B & L Instruments for science and industry. 
Write for Catalog E-11. Bausch & Lomb Optical Co., 642 St. 
Paul Street, Rochester, New York. 

& L'60 ~'fy~>,+-d 1 Above,  Model KOSB 

au5c % om Balopticon for both lan- ',&$, te rn  slide and opaque --_ -+ - projection. Designed for 
use with a translucent 
screen. 



OCCASIONAL PAPERS O F  T H E  
AMERICAN ASSOCIATION FOR T H E  

ADVANCEMENT O F  SCIENCE 

The Scientific Aspects 
of Flood Control 

Three illustrated papers presented at the Both* 
ter meeting of the Aamciation in cooperation with 
the Ecological of America, by F. A. Siloox, 
Chief of the U. 8. Foreet Service, Dr. W. C. Lowder- 
milk, Aseociate Chief of the Soii Conservation Ser- 
vice, and Dr. Morria L. Oooke, Chief of the Rural 
Electrification Abinistration. Them three papma 
present the eerioua problems arising from failure 
to control flood watera a t  their souroe and the moil 
erosion resulting from th ie neglect, and the stqe 
that are being taken towards permanent controL 

Price prepaid 60 cents 

Some Fundamental Aspects 
of the Cancer Problem 

Symposium sponeored by the 8ection on Medical 
Sciences a t  Atlantic City, N. J., publiehed under the 
direction of the following committee of mrkers in 
medical science: William Charlea White, Ciroirmn; 
T i n t  du Vigneaud, C. C. Little, Emend R. LOW, 
and Carl Voegtlin. Edited by Henry B. Word. 
T h e  p a p a  bring out the advancea recently made 
in cancer research by leading investigators along 
the three main approaches to the problem: biology, 
ehemietry and physics. A eummav of the papere 
wi l l  be found in S c i e w  for February 5, 1937. 

Price, cloth, $2.60; paper, $2.00 
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3941 Grand Central Terminal Lancaster 
New York, N. Y. Pennsylvania 
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Empire Autotechnicon 
The Empire Autotechnicon Fixes, Clears, Dehp- 
drates and Impregnates Tissue Automatically; D e  
paraffinlzes and stains Micro-Slidw. I t  ellminates 
human error and saves a t  least 50% of the time 
usually required. 
No "vaiting over" from the close of one day to 
the next, since the Autotechnicon works automati- 
cally once it is set. 

IPrite as for complete information. prices and fully  
~l lnstrated catalog 

EIPIRE LAnORATORY SUPPLY CO, INC. 
50;-659 West 130nd Street Xew Tork, N. Y. 

Everything rn supplies and glassware for the laboratory 

LaMOTTE Blood Urea Outfit 
m 

y<=dZ- 
For study of urea retention 

(urea nitrogen by factor). -----n 

rf Iteault is read directly from 
special Urea Burette supplied. 

Price, complete with instruc- 
tions, $18.50 f.0.b. Baltimore, 

-- C__ LaMOTTE CHEMICAL 
PBODUCTS CO. 

418LlghtPltreet - - - - - Baltimore,iUd. 
/ 

. 

NOW AVAILABLE 
VITAMIN 'A' Concentrates, agreeable 
taste and odor without Vitamin D. 
?ROoVTAMIN 'A' (Carotene) crystals, 
concentrates in vegetable oil and also 
powder form. 

E F F  L A B O R A T O R I E S ,  I N C .  
4185 REPUBLIC BLDG. CLEVELAND, OHIO 

a 
CAROTENE PRODUCTS BY THE GRAM OR CAR 


