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SECTION 1.

INTRODUCTION

The experiments to be reported in this thesis were

the result of any hypothesis formulated by Dr. N.« W. Shock

of the Department of Physiology at this University, and

by the writer, with regard to the nature of such differ-

ences as might exist between the bright and dull strains

of animals developed by R. C. Tryon. In the course of an

experiment on the inheritance of maze ability in the rat,

Tryon (74) has run twelve generations of animals on a

self-recording 17-unit maze, described by Tolman, Tryon,

and Jeffress (70), The parental generation was composed

of 142 animals fron heterogeneous stocks maintained by

the Department of Psychology, and the Department of Anat-

omy, at this University. These animals, after receiving

preliminary training, were given one trial per day for a

period of 20 deys on the maze. The scores for each animal

were the errors made from days 2 to 19, and ranged from

ll to 198 errors. Insofar as possibie, animals from the
 

extremes of the distribution were selected as parents for

the first filial generation. When these animals, mom

as the Ry generation, were run, the mean score of the

offspring of superior parents was slightly less than the

score of the offspring of inferior parents.
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A similar selection from the extremes of the distribu-

tion of bright and dull animals was continued for each

succeeding generation. In order to maintain the continuity

of the lines it was necessary to select animals which were

healthy and fertile, in the case of both bright and dull

strains. The probable fertility of an animal was judged

by the number of litter mates in his litter, and by the

number of litters and of offspring produced in other mat-

ing of his parents. The most importent criterion for sel-

ection, however, was the maze scores

Our hypothesis specifically concerned the nature and

magnitude of such anatomical or physiological differences

as migitt be found between the bright and dull strains.

According to current theories regarding the nature of the

mage-learning function, maze ability might be determined

largely by either differences in the peripheral nerves,

sense organs and specifie projection areas, or largely by

differences in the whole brain. Hunter (34,35) empha-

sizes the importance of miltiple sensory factors, and feels

thet the maze habit is localized in definite projection

areas. On the other hand, Tryon (78), Lashley (36,37).

and more recently, Honzik (31,52), have presented experim=

ental data in support of the theory that the maze habit

involves large areas of cortical tissue which funetion in

a more or less integrated fashion. Our investigation ten=

ded to follow the latter interpretation, insofar es our
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experimental studies were confined to anatomical and phy-

siological aspects of the whole brain. It should be point-

ed out, however, that the findings to be presented in this

thesis do not constitute a critical test of the truth of

either type of explenation.

Another aspect of current psychological theory was

of some importance, in the determination of our procedure.

Current opinion is divided into two schools with regard

to multiple factors as opposed to general factors as de-

terminers of ability. According to strict mltiple factor

theory, maze ability might be the result of a very large

number of specific traits. In the case of the strains

developed by Tryon, it might be expected that bright ani-

mals were superior to normal or dull animals by virtue of

possessing superiority in a great many minor characteris-

tics of their nervous systems. If this were the case one

might expect to find, in the case of bright animals, in~

mmerable minor superiorities. Only in the event that

these innumeratie minor differences additively combined to

form a major difference would we expect to find such a

major difference.

As opposed to the mitiple factor theory, Spearman

(62) has long advocated a general theory of ability.

Aecording to this theory, all individuals differ in learn=

ing or intellectual ability by virtue of possessing varying

amounts of general ability or G. In the case ef each func-

tion the individualts ability is the result of his ¢- endow-
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ment plus varying amounts of specific abilities. Spear-

man has, however, nov2r given evidence with regard to the

anatomice! or physiological nature of G, except in such

vague terms as “intellectual energy."

It should be emphasized that our hypothesis was not

dependent upon either a miltiple factor or a general theory

of ability. We postulated, however, thet such differences

aS might exist between the nervous systems of the bright

and dull animals, would exist in magnitude comparable to

the difference between the maze seores of bright and dull

enimale. If an anatomical iiavaatertstte releted to maze

ability differed quantitatively between the two strains,

we expected the difference to be quite marked. Whether or

not this difference was due to the additive effect of m-

merous minor difference, was of little immediate concern.

Our preliminary procedure was thus greatly simplified.

We had but to compare the brains of bright and dull animals

for gross differences, If no gross differences were found

in the case of any single anatomical or physiological trait,

that trait was eliminated from consideration. Dr. Shock

made a number of chemical analyses of brains from bright and

dull animals. The results of these analyses are not yet

ready for presentation. The writer confined himself to the

investigation ef anatomical features of the brains.

The literature was particularly barren of suggestions

in this regard. As is presented elsewhere in this thesis

(Section IZ) the investigations of brain size in relation

to intelligence in the human species have found no large corre~
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lation between cranial or brein measurements end intell~

ectual ability.

fwo investigators have studied the relationship

between maze ability end brain size in animels. The re-

sults of Shirley (59) were definitely negative (ef. Section

IV). Bassett (5) compared the maze ability of a strain of

rats having small brains with animals from the Wistar col-

ony having brains of average size, and found that the

Wistar animals were somewhat superior, Paterson (46),

however, showed that Bassett’s results did not demonstrate

statistically significant differences between the two

strains.

Consequently we turmed to other possibilities in

search of anatomical correlates of ability. The work of

Hindzé (26,27,28,29) on the vascularity of the brains of

superior persons seemed suggestive. With the cooperation

of Dr. Alexis Koneff and Miss Yvonne Champreux, of the

Department of Anatomy, a technique was developed for stain~

ing the vascular tree of the pie mater. Ine few cases

the pia mater was removed but it was later deemed advis-

able te leave it on the brains. The brains of ten dull and

ton bright animals were prepared in this manner. The com

plexity of the vascular tree precluded direct measurement

of vascularity, so the psychological method of ratings was

employed. Five observers were requested to arrange the

‘brains in order of complexity of vasouler structures

{here was considerable agreement emong the observers with
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regard to rank order of complexity, but the ratings did

not seem to be at all related to whether the brains were

from bright or dull animals.

fhe brains of five brights and five dulls were

then sectioned and stained according to a technique de-

scribed by Sugita (66). Thickness of cortex was measured

at @ number of comparable loci, but no differences appeared

between the bright and dull animals. Complete serial sec-

tions were not studied in detail, but a cursory examination

of them revealed no striking differences.

A few crude measurements were then taken on the

breins of several bright and dull animals. The bright

animals had consistently larger brains. It seemed ad=

visable to add brain weight to the measurements, so 22

animais from the dull strain and 26 animals from the bright

strein were studied. The animals of-each group were about

equelly divided as to sex. The average brain weight of the

dull animals was 1.45 grams, with a standard deviation of

2+ 099, while the average brain weight of the bright ani-

mals was 1.71, with ea standard deviation of ¥.089. The

critical ratio of the difference, 26 grams, was 5.375

indicating that the two averages were significantly diff-

erente

Before definite conclusions could be drawn with re-

gerd to the association between maze ability and brain size

number of factors had to be considered. A large portion

of this thesis is concerned with a description of methods
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used in measuring and controlling these factors. It

might be well, however, to indicate the general nature

of the factors in question.

ie Gross Body Size. We wished to learn whether

the bright animals were simply large animals with propor=

tionally large brains, or whether their brains were large

irrespective of body weight. In order to learn this it

was necessary to have not only body weight, but several

indices of skeletal size.

2, Technique of Dissection int Measurement. It

was necessary to develop a technique which would enable us

to obtain accurate and reliable measurements of brain sise.

Fortunately Sugita (65) had worked out such methods in

considerable detail, It was possible for us to make several

4mprovements on his technique, particularly with regard to

the problem of ascertaining the reliability of measurements.

"8. Normal Controls. We wished to leern if both bright

and dull strains differed from an unselected group of normal

colony rets in brain size. It might have been possible, for

example, thet bright animals, had brains which were larger

than unselected animals, while dull animals did not differ

from unselected animals in brain size. In erder to invest-

igate such possibilities it was necessary to make anatomical

measurements on a large number of unselected animals.

4, Concomitant Genetic Effect. It would be impossible

to conclude, from data regarding the brains of bright and

dull animais, anything regarding the relationships which

might exist between brain size and maze ability in normal
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animals. It was his neesssary for us to run our un=

selected normal animals on a maze which might adequately

measure individual differences in maze ability, and to

correlate maze scores with anatomical measures.

5e Age and Sex. In our preliminary studies we did

not take pains to have groups which were comparable with

regard to age, nor did we ieparcte sexes. These data, of

course, were available and were controlled in the subsequent

groups. Under ideal conditions it would have been desirable

to restrict the animals used to a narrow age range. This

was done in the case of the unselected normal animals,

It was necessary, however, to use bright and dull snimals

of various ages. About half of Tryon's animals were de~

livered to the writer upon completion of the maze schedule.

Other animals were not run on the maze, and were delivered

to the writer at ages varying from 90 to 120 days. Certain

aspects of the statistical treatment of the data were de-

signed to control the factor of age.

Sections III. and IV. are devoted to a detailed de-

seription of the methods which were used in investigating

and controlling the above factors, Before these methods

are presented, however, it might be desirable to review the

literature which is related to the general problem of the

association between anatomical features of the brain and

ability, This is done in the following section.



SECTION IT.
 

A History of Experimental Investigations of

The Association between Intellectual Traits

and Features of the Srain or cranium
 

The problem of discovering anatomical correlates or

determiners of intelligence has intrigued many of the most

notable anatomists, biometricians, anthropologists, and psy-

chologists of the last hundred years. Among those who have

conducted such research are Tiedemann, Broca, Galton, Binet

and Pearson. Recently Pearl, Donaldson and Hull have attemp-

ted to contribute to our knowledge of these relationships.

The great bulk of the literature is devoted to the de-

scription of investigations of features of the brain and cran-

dan, as related to intellectual ability or achievement, in

the human species. Only two studies have been done with ani-

mals. Since our problem has obvious implications with regard

to the nature of brain function irrespective of species, it

seemed desirable to present the findings of the studies on

human beings in some detail. There is, moreover, no compre=

hensive review of the literature of this subject.

We will first consider the studies which have been done

on the human brain. Several kinds of approach have been made

to this problem. The earliest investigators were concerned

largely with gross brain size and the possible relation be=

tween brain size and intellectual achievement. It was not

long, however, before anatomists began to search for other

-9~



-10-

features which might differentiate the brains of inferior,

normel and superior persons. These studies are so intimat-

ely bound up with the investigations of brain size that it

seems desirable to consider them together.

Shortly after 1900 a large number of investigators

used cranial measurements of living persons as indices of

brain size. Although such measurements were not exact mea-

sures of brain size or development, the workers had the ad=

vantage of somewhat more accurate estimates of intelligence

than was the case when anatomists were restricted by the

necessity of using estimates of the intellectual ability of

persons who had died. Another advantage of cranial measure=

ments was the feasibility of including a large number of cases

of more or less homogeneous chronological age.

More recently Hindzé (26,27,28,29) has suggested the

study of the vascular system of the brain and its possible

relation to intellectual achievement. The vascular tree of

the pia mater of several noted Russians has been eeatared with

that of normal and retarded persons. Although Hindzé's find-

ings have not been corroborated or disputed by other investi-

gators, they present a novel attack upon the problem of ana-

tomical correlates of intelligence. Since the pia mater is

not usually considered a part of the brain, these studies

will be considered under a separate heading.

A final discussion will consider the two animal studies

whieh bear directly upon the present study.

Studies of the Brain.

The anthropologist Topinard (66) has reviewed the studies

of the human brain up to 1885. In 1830 Sir William Hamilton
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reported the weights of 61, brains in “The Anatomy of the

Brain," which was published in Edinburg. Frederick Tied-

emann, in 1836 wrote "Sur l"encéphale du Négre comparé &

celui de 1*Buropéen et celui de 1* orangoutang,” which was

published in the Philosophical Transactions of Londons

Tiedemann is quoted by Bain (3) as establishing "an indis=

putable connection between the size of brain and the mental

energy displayed by the individual man or animal." Tiedemann

did this by weighing the brains of three microcephalic idiots,

and finding the lergest of these to weight 25% ounces.

By 1885 Topinard (71) was able to report that 10,182

brains hed been weighed by 35 investigators, KR. Wagner

(Vorstudien zu einer Wissenschaftliche Vorphologie und

Physiologie des Menschenliches Gehirns," Gdéttingen, 1860)

started the first collection of brains of superior persons,

and made the first attempt to discover relationships between

complexity of fissures and intelligence. Topinard (72)

states that Wagner had small faith in brain size as a de-

terminer of intelligence, partly because of the fact that

the heaviest brain in the Gottingen collection was that of a

S-year=old hydrocephalic idiots Donaldson (17) is authority

for the statement thet within Bischoff's series of 559 males

there was no difference in weight between the brain of elite,

ordinary meny and criminals.

Another important series of brain weighings is that of Broca (11)

in 1861, who suggested that if the reports of extremely large

brains of geniuses could be depended upon, it was probable that

such men achieved distinction in spite of, rather than because
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of their heavy brains. ‘Twenty years later fopinard (72)

went through Broca's original clinical reports and class-

4fied the cases by age, sex, and body weight. Topinard re-

ported that there seemed to be ne consistent association be-

tween brain size and ability in Broca's casese

The only extensive bibliography of the earliest lit-

erature is that of Topinerd (71), and miny of his citations

are so incomplete as to preclude consultation of the original

papers. Such titles as are given suggest that much of the

great mass of investigation which was carried on prior to

1885 was done with the notion that somehow such studies

might lead to anatomical correlates of ability. It is in-

dicative of the interest in the subject that in the second

volume of the memoirs of the Societe d'Antbropologie de Paris,

published in 1861, over half of the papers and almost all of

the discussions are devoted to the topic of brain studies.

This volume contains Broca's (11) series of brain measurements,

as well as his first attempt to estim:te brain size from

skull measurements. (12)

The finding of Broca, Wagner, Topinard (after Broce)»

and Bischoff (bas Hirngewicht des Menschen," Bonn, 1880) are

almost universally combined in some form for the purpose of

comparison with individual brains. There is but one large~

scale investigation of the size of the normal human brain

after 1885 which has been used as a standard of normality,-~

thet of Marchand (41,42) in 1902. Marchand pointed out clear-

ly the technical and interpretative pitfalls in brain studies,
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and attempted to overcome them. His work was done at Marburg

petween 1885 and 1900, and comprises 1175 cases. In discussing

the factor of age he states that the occurrence of a war may

result in a different distribution of "normal" brain weights,

as a result of the large number of young men who come to hos-

pitals during such a period. In discussing the heavy brains of

geniuses reported by sporadic investigators, he states, "“Derartige

Gehirne teenie dabei gut, ja sogar sehr gut funktioniersn (Cuvier,

Turgenieff), ohne dass sie einen Schluss auf das Verhaltnis

gwischen Gehirngewicht und Geisteshaltigkeit im allgemeinen

sulassen, denn in anderen Fallen sind die Funktionen solcher

"
ubergrossen Gehirne keineswegs hervorragend.”

The elaborate monograph of Spitzks (63) recites the inter-

esting history of various societies organized for the purpose

of accumulating large collections of the "brains of the élite.”

Their method was patterned after that in the bequest of Tiede-

mann, who said in his will, “Den Korper lasst offmen; es

gowahrt aiess vielleicht enigen Nutzen. Finded sich ein Theil,

der den Aerzten Belehrung gewahren kann, so nehme ihn in eine

anatomische Sammlung auf.”

Members of the societies signed mutual wills regarding

the disposal of their respective brains. The first of these

societies was the Societé d*Antopsie de Paris, which was

founded in 1881, as a subsidiary group withing the Societé
 

d*Anthropolgie. It was followed in 1889 by the American An-

thropometric Society, and shortly after by the Cornell Brain

Association, under the leadership of Professor Burt G. Wilder.
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As the "brains of the élite” began to accumulate, the

literature became flooded with scores of extremely detailed

descriptions of the brains of famous men. Well over one-

hundred investigators are cited by Spitzka, and their findings

in the case of 150 brains are summarized. It should be noted

that this summary of necessity consisted of a description of

each brain treated as an individual, and the only deta capable

of quantitative comparison was brain weight.

As time went on and the early supposition with regard

to the intimate relationship between brain size and ability

was borne out only in very slicht degree, investigators began

to look for other indices of ability in the brains which com-

prised their collections. Elaborate methods were devised for

measuring depths of fissures, total area of the cortex, and the

relative sizes of various lobes. One of these methods is de-

scribed by Donaldson (16,19), who also refers to many of the

other methods. . mticsiane at Suiell bagan to wane after the

autopsy of the noted mathematician and philosopher Chauncy

Wright, of who brain Wilder says, “the simplicity of the fiss-

ures, and the width and flatness of the gyres are paralleled

in the Cornell collection only in the mush smaller brain of an

unknown matte. Some approach to this condition occurs in

Ruloff, a murderer, and perhaps in a German shown by Wagner a

We have already mentioned that the weight standards for

“normal” brains were furnished by Wagner, Broca, Bischoff and

Marchand. It is reasonable to assume that each of these men

established uniform conditions for the preparation of brains

for weighing, and uniform lendmarks for determining the point

at which the spinal cord wes severed. It is possible that
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the same conditions were adhered to by all four investigators.

We have, however, no assurance that these same conditions were

not edhered to in the case of the 150 brains reported by Spitzka

(63). Since scores of anetomists from all parts of the world

contributed to the literetmre cited by Spitzka, it would be a

most reasonable astumption that uniform conditions were not ad=

hered to.

Some idea of the factors affecting variability in prep-

eration may be obtained from the study of the brain of H. L. Fe

von Helmholtz, by Hansemann (24,525).

The brain as removed from the cranium weighed 1,700 grams.

4s would place Helmholtz in the ninety-third percentile of

Spitzka's list of the elite. The blood coagulum was then re-

moved, which reduced the weight to 1,540 grams (seventy-third

percentile). So much blood still remained on the brain that

Fansemann estimated that the "real" weight of the brain was

from 1,420 to 1,440 grams (forty-fourth percentile). This

single test of the reliability of measurement might well ex~

cite our suspicion of the investigators who report no such

ambiguities of measurement.

Spitzke's graphic representation of the difference be~

tween normal brains and brains of eminent men is open to ser=

jovs criticism. The brains of 100 @lite are classified accord=

ing to weight, and are displayed in the form of a histogram.

Phe Bishoff-Marchand~Broca=Topinard series of 1,334 cases is

distributed in similar class intervals end reduced in the ratio

of 100/1334. This distribution in the form of a second histe-

gram is then superimposed on the @lite distribution, with the
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result that, for every class interval in the heavier brackets,

there is a proportionally greater number of élite brains, while

in each light class there are more brains of normal men. It

should be noted that a few microcephalic brains among the

"normal" series would be sufficient to shift the entire series

in the divecten desired. The difference between the means of

the two distributions differ by but 75 crams, the average weight

of @lite brains being 1,473 grams.

An interesting example of the personel equation in brain

measurement is brought out in two recent publications of Henry

Donaldson (19, 20). The first of these publications reports

detailed measurements of the brains of G. Stanley Hall, Sir

William Osler, and Edward S. Vorse. The actual measurements

were made by Dr. Myrtelle M. Canavan, according to a technique

worked out by Donaldson. The frontal ani occipital areas of

the cortexes of all three scholars were more extensive than

those found by Dr. Canavan ( 13 ) in the case of three other

brains measured by here

These findings suggested the necessity for a large con-

trol croup, so Donaldson ( 20 ) supervised the measurement of

brains of 30 white males and 27 negro males. The actual measure-

ment, in this case, was done by Dr. Addison. When the results

for the normal controls were compared with those previously pre-

sented by Donaldson, it was apparent that the scholars had a

marked deficiency in parietal area, and an excess of temporal

area. In order to assure himself that the differences found
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were real, Donaldson had Dre Addison remeasure the brains

previously measured by Canavane The proportional distri-

bution of cortical areas in the case of the scholars was

identical with that found in the case of the white and negro

controls. The differences found had apparently been due to

differences in technique, despite the fact that the works, in

each case, was done with the same system and was supervised

by the same person.

Studies of the Size and Shape of the Cranium.

The letter half of the nineteenth century produced enough

investigations of cranial measurements and their relation to

intelligence for A. Binet ( 8 ) to write an extensive review

of the subject in 1898. This review contains a full reprint

of P, Brocats privately-printed memoire, "De 1’influence de

l’edueation sur la volume et la forme de la tete." The date

of original publication of Broca's study is not given. Broca

hed found small differences between averages of skull measure~

ments taken on normal and inferior adults, and had inferred

that the process of acquiring knowledge tended to increase the

size of the brain.

At the meetings of the Anthropological Institute on April

24, 1888, a paper was read by Dr. A. Venn describing preliminary

results from anthropometric measurements taken on Cambridge

students. There is no record of the publication of this paper.
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On the following day Francis Galton (22,23,82), who was then

president of the Institute, commented on Dr. Venn's study,

and presented a rearrangement of the Cambridge data. lMeasure-

ments of height, width and length of skull were mltiplied

together to give an approximate index of the craniel capacity

of the men. Galton concluded, “Accepting these curves as a

true statement of the case--and they are beyond doubt an

approximately true statement--we find that a ‘high honor’

man possesses at the age of nineteen a distinctly larger

brain than e 'poll" man in the proportion of 241 to 230.5,

or one that is almost 5 per cent larger. By the end of his

college career, the brain of the thigh honor? man has in-

creased from 241 to 249, that is, by 3 per cent of its sizes

while the brain of the *poll* man has increased from 250.5

to 244.5 or 6 per cent.”

Binet's investigations of the problem, covering a period

from 1900 to 1910, was dominated by an interest in establish~-

ing limiting boundaries (frontiéres anthropométriques) for the

diagnosis of feeblemindedness in children. Following much the

same statistical procedure as was later used by him in his in-

telligence testing, he established norms for stature, length

and breadth of head, and various indices derived from these

measurements, for children from the age of 6 to 1€..(°9 )»

These norms were amplified in 1910 to include the sum of five

cranial measurements ( 10 ). He suggested that a retardation
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of six years or more in cranial development was significant

evidence of sbnormality, while a retardation of from three

to six years, if confirmed by inferior scholarship or un-

satisfactory scores on psychological examinations would be

valuable diagnostic evidence. Investigations of cephalic

measures of feebleminded children by Simon ( 60 ) confirmed

his opinion regarding the diagnostic value of such measures.

Contemporary with the French investigations were studies

by German, English and American investigators. The German

and American investigations were similar in method and con-

clusion to those of the followers of Binet. The general

procedure was to divide a sample of children into two or more

groups on the basis of estimates of ability, and compare av-

ereges of cranial measurements for the groups. Investigators,

as a rule, established their owmm anthropometric landmarks and

theirom classification of ability. The results are thus

not Sigeietsvio but in elmost every case point in the same

direction as the French studies. Rose ( 57 ) compared 884

"sitzengebliebenen" children with 621 "weiterkommenden" chil-

dren and found a difference of .17 cm. in cranial length and ©

04 em. in width. Loewenfeld and Eyerich ( 40 ) collected

data on 935 Bavarian soldiers who were grouped into four classes

by their superiors on the basis of ratings. Measurements of

head length and head diameter were then taken, and the average

measurements for the four groups were in the same order as the
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ratings. Bayerthal ( 7 ) reported the measurement of 10,000

heads, but subdivided his subjects into so many groups thet

his figures are meaningless.

two American studies resulted in the assembling of a vast

amount of data concerning relationships between morphological

factors and intelligence. Porter ( 53,54 ) supervised the

measurement of 33,500 St. Louis school children. Most of these

data were never analyzed, but one summary of 1,067 boys aged

10 is available. These boys were classified by school grade,

and head width was found to increase according as the boys

were in the first, second, third or fourth grade. The average

head width for first-grade 10-year olds was 145.86 mm, while

fourth-graders averaged 147.21 mm.

The second extensive American study was that of McDonald

{ 43 ), who made a number of anthropometric and "psycho-physical”

measurements on 5,000 Washington school children. He took the

average head circumference at various ages from 6 to 18, and se-

cured teachers’ ratings as to whether the children were bright,

average or dull. For most age groups there was about 1/6 inch

difference in head circumference between bright and dull pupils.

As is the case with most of the other American, French and

German studies, no measures of variability are reported. McDonald

concludes, “As circumference of head increases, mental ability

increases."

In contrast to the investigations reported above, most of
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the English studies after Galton were characterized by an

attempt to arrive et more accurate quantification and analysis

ef expsrimental data. lee ( 38 ) devised formulae for arriv~

ing at @n approximation of the exact size of the brain Sees

cranial measurements, and reports a negligible relationship

between estimated cranial capacity and estimated intelleetual

capacity in the case of 60 men and 30 women.

Pearson ( 50 ) using four-fold tables, correlated breadth

of head with scholastic ability in the case of 524 Cambridge

students, and found the r to be +.0845 + .024. He averaged

correletions for 5,000 pupils of various school grades and

for Cambridge grades, and concluded that the mean r of both

‘preadth and length of Head was of the order of t.065. He

states, “For practical purposes it seems impossible either

in the case of exceptionally able men or in the bulk of the

populetion to pass any judgment from size of head to ability

or viee versa.”
  

Yore elaborate analysis of the data on 5,000 school chil-

dren and 1,000 Cambridge undergraduates is presented by Pearson

in a later paper ( 62,)e fhe Cambridge students were classified

into four groups on the basis of scholarship, and the school

children were classified into six groups. Correlations with

width of head ranged from ¢.097 to +113, with Nts for all

correlations between 1,000 and 2,100. Stature and head length,

however, correlated to the extent of 4.28, and stature and head
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width correlated to the extent of +.15, in the case of the

Cambridge students.

Pearl ( 48,49 ) applied the method of mean square con-

tingeney to the data of Loewenfeld and Eyerich ({ 40 ) on 935

Bevarien soldiers rated into four classes by their superiors,

and found en r of £14 + «04 between head circumference and in-

telligence. His conclusions from this study are an extremely

appropriate evaluation of the meaning of all the findings in

this field. He says, “If further statistics (of which there

is great need) should show thet generally there is a just

sensible positive correlation between these characters, the

correct interpretation of the fact would, it seems to me,

probably be physiologic rather than psychologic. That is to

say, the association between vigor in growth processes (lead-

ing to a well-developed body) and vigor in mental processes

would most probably be the result of the action of good con~.

ditions of nurture. Other things being equal groups of men

with aeaianiasiated bodies are on the average likely to be

more able intellectually Sie groups in which bad conditions

of nutrition prevail. Such an interpretation of the facts

seems at present to have mmch better justification than aay

which in effect implies that a big brain connotes per se an

able mind. Rightly interpretated the facts regarding the

correlation between size of head and intelligence, seem to me,

simply to furnish, so far as they go, direct statistical evi-

dence in favor of the adage: mens sana in corpore sano.”
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Yore recently Porteus and Berry ( 54 ) have presented

data based on head measurements taken on 10,000 school chil-

dren and university students in Australie. Cranial capacity

was estimated by means of a formile devised by Lee ( 38 ) which

makes use of length, width and height of slull. Ages ranged

from 7 to 30. Percentile norms for cranial capacity were es-

tablished for several age groups. Mental tests indicated that

over half the lowest 10 per cent in head size were subnormal

in intelligence. Wo correlational analyses are presented in

this paper. Ina later publication Porteus and Babcock ( 55 )

criticize the interpretation of Karl Pearson that head measure-

ments have but a very slight relation to intelligence. They

insist thet, had Pearson used a more adequate index of cranial

capacity than single measurements, mich larger correlations

might have been found. They state, "Investigations byPorteus

show that while the correlation is not high it is probably

_ about the order of +3, which is mich larger than Pearson found

with single measurements." Details of Porteus' investigation,

in which correlations of +3 were found, have not been published.

One of the most interesting of the later studies is that

‘of Murdock and Sullivan ( 45 ) on 600 pupils of the Punahou

school in Hawaii, The subjects range in age from 6 to 16, but

this factor was controlled by expressing anthropometric data in

terms of deviations from norms for the several age groupse The

subjects were all of American or northern European stock. Stan-_

datd intelligence tests were used, and a correlation of +22 t.03
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was found between I.Q, and head diameter. Weicht was found to

correlate with I.0. to the extent of +.16, and stature to. the

extent of +.14, the probable error in each case being 4.03.

Still another study of the relation of cranial measurements to

intelligence was that of Reed and Mulligan (56), who correlated

scholastic performance of 449 Aberdeen University students with

head diameters. The r found was+.08 4.03. When sage and stature

were held constent by the method of partial correlation, the r

fell to +.07. Sommerville {61} correlated several head di-

mensions with intelligence test scores of Columbia students.

His r’s in the ease of individual measurements did not exceed

+210. When indices composed of several head measurements were

used, the correlations with intelligence did not. exceed +.11.

Before we consider the next study it might be well to re-

view the findings of the various investigators who have studied

the relation between head measurements and mental abilitys

Most of the studies have used the method of group differences

between averages of various head measurements and intelligence.

A number of more recent studies have employed correlation tech-

niques, and have rarely reported r's exceeding +.11. The highest

correlation supported by experimental details was that of +.22

by Murdoch and Sullivan, between head diameter and intelligence

test scores. It would thus seem reasonable to conclude that

while there is a definite relationship between cranial capacity

as indicated by skull measurements, this relationship is certair-



ly of a very low order.

It seems worthwhile, therefore, in view of the imposing

mass of evidence which has been collected throughout the past

fifty years, to give special consideration to a study which

has recently been reported by Hull (33). Date were taken from

the A.B. thesis of Elsie Sherman. These data consisted of a

large number of cranial measurements taken on 78 freshmen

students of engineering at the University of Wisconsin. The

measurements were correlated with grades received by the men.

Hull applied a miltiple regression technique to the data and

found that a combination of three head measurements and two

facial angles correlated with scholarship to the extent of

4.50. Hull points out that such corraiattnn is of the

order of magnitude usually found between scholarship end in~

telligence test scores, and thus indicates the possibility

that some sort of cranial index might be valuable in the prog=

nosis of ability.

Sines the correlation of #50 seemed completely out of

line with the other findings regarding such associations, it

seemed advisable to consult the original manuscript (58) from

which Hull took his deta for the epplication of the miltiple

regression technique. Sherman had fortunately been most ex-

plicit with regard to the details of her experiment. The sub-

jects were of German, Chinese, Norwegian, Russian, Bohemian,

and American stock, and ranged in age from 16 to 34, Inter-
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correlations were made between grades in 6 courses and 17

anthropometric measures taken with a radiometer devised by

Eulie The largest of her correlations was +.3961 +.65, and

was between length of auricular axis and semester grades in

a laboratory course in forge mown as Shop I. This same

measurement correlated with grades in Shop 2 (machine shop)

to the extent of -.04. There were a number of similar ir~

regulerities in Sherman's correlations which suggested the -

possibility that systematic factors related to the peculi-

arities of her population were exerting an undue influences

on her results.

There is, of course, no reason for doubting the validity

of Sherman?s results nor of Hull's analysis of them, as applied

to the particular sample with which she was dealing. It is the

opinion of the writer that the data of Sherman are of little

velue in predicting relationships in a universe of population.

¥e suggest that Hull's conclusion with regard to the possi-

bility of predicting ability from head measurements is, to

say the least, somewhat premature.

In a recent critical summary of the literature related

te the problem of the association of cranial measurements with

intelligence, Paterson (44) concludes, "A critical review of

available evidence tends to dissipate claims put forth in be-

half of an intimate relation between head size and intelligence.

Although inadequate statistical methods characterize most of

the research studies and although no satisfactory standardized
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method of measuring head size is adopted in them, it can be

said with considerable assurance that whatever positive corre-

lation exists must be of a low order."

The Vascular System of the Brain.

Within the last decade the Russian anatomist Hindze (26,

27,28,29) has suggested a new approach to the problem of an-

atomical correlates of intelligence. In one publication (29)

he shows sections from the vascular tree of the pia mater of

the psychiatrist A. Bernstein and of the mathematician P.

Nekrasoff, and compares them with the vascular tree of a ban-

dit and an unimown hospital patient. Differences in complexity

are very apparent. Donaldson (20) has suggested that this ap-

proach may be extremely significant. It is important to note,

however, that Hindzé hes reported specifically on less than ten

eases, and has developed no quantitative method for estimating

the degree of complexity of the vascular system of the pia

mater. There is, however, the possibility that Hindzé has

finally hit upon the touchstone for which anatomists have been

searching for the last hundred years.

Before accepting his results wholeheartedly one should re~

member that in 1864 (3) the presence of an intimate association

between brain size and intelligence in the human species was con-

sidered to be definitely established. Only when cther investi~

gators, using adequate measurements and large numbers of cases,
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have reported similer findings may we feel certain that the com=

plexity of vasculer system of the pia mater is an important

correlate of intellectual ability.

fnimal Experiments

In the entire literature of animal investigations there

are but two studies which bear upon the problem of the re-

lation of brain size to maze ability in the rat. The first

of these was the study of Bassett (5), who. investigated the

maze~learning ability of a strain of rats having less than

average brain weight. In the course of a study of. imbreeding

at the Wistar Institute of Anatomy a progressive decrease in

brain weight was observed for four generations.

The animals of the fourth generation seemed to lack

goneral vitality, and their average brain weight was about six

and one-half per cent below thet of normal animals. Inbreed-

ing was continued for six more generations, but the progressive

decrease in brain weight did sat continue.

At the suggestion of Henry Donaldson, Bassett undertook

to determine whether the decrease in brain weight observed in

the case of these animals might be accompanied by a similar de-

crease in ability to form habits. Thirty-one males and thirty-

one females from the inbred strain were compared with a similar

number of normal controls on the Watson cireular maze, and on

learning and relearning of the inclined plane box. Bassett con-



=29-<

cluded, "In all these experiments the strain of rats of lesser

relative brain weight learned less well, on the average, than

the normal control series. In the maze and inclined plane ex-

periments the average number of days required to learn and re-

learn, and the time of absolute retention, was far greater in

the case of the inbred rats than in that of the normal control

series. In the maze experiment, two inbreds and one control

failed to learn; two inbreds failed to relearn. In the in-

elined plene experiment, eleven inbreds, and two controls

failed to learn,”

The data presented by Bassett is in Saas & form as to

render it impossible to learn anything concerning the vari-

ability within his normal and control groups. Time and days

to learn are the only criterias of learning usede The time

curves for his experimental and control groups on the maze

differ but slightly from each other. The average number of

days required for the inbred animals to learn was 36.62, while

the average number of days for the control group wes 24.62.

Paterson (46) attempted to analyze Bassett's original

deta for statistical significance. When four particularly

poor inbred rats and one poor control rat were excluded, the

distributions of learning scores for the two groups were almost

identical. He also determined the median number of days re-

quired for the inbred and control animals to learn the maze.

The difference between these medians was but five days. The

probable error of the median of the inbred rats was 11 days,
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while the probeble error for the median of the control animals

was &.5 days. It is obvious that the difference of five days

between the two mediens is not significant.

The other experiment on the relation of maze ability to

brain size was that of Mary Shirley (59). Twenty-nine male

rats were trained on an 8-blind Lashley maze, the odd-even

srror reliability of which wes +.80 1.048. The odd-even time

reliability was +.95 4.015. The number of errors required to

resch & criterion of three successive errorless runs correlated

With total brain weight to the extent of +.29 #129. Maze

time end brain weight correlated +.19 4.186. The correlntion

between number of trials required to reach the criterion and

totel brain weight was +.13 £159. The correlation between

maze errors snd per cent brain weight to body weight was

+225 £.134. She concludes, “The coefficients are all toc low,

and their probable errors are too high to suggest any relation- ‘

ship between brain weight and maze ability. The only relation~

ship which is at all Sckatette ‘is that between maze errors and

brain weight. Whether relative or absolute weightfe used, the

correlations between brain weight and errors are sbovet.20.

The relationship between maze learning and brain weight, insofar

as one exists at all, is, then, the heavier his brain, the more

rat blunders. This is not a reletionship to be expected, or one

in whieh dependence can be put. Although this minor. study can-

not be taken very seriously, its results are in agreement with

the general mass of evidence which has been accumulating since
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the beginnings of phrenology, which can be summed up by saying

that measures of the gross structure of the brain are very poor

indicators of the excellency of its function."

Summary

Few problems have so engrossed the attention of biologi-

eal scientists during the past hundred years as the quest for

anetomiecal determiners of mental sbility. Hundreds of investi-

gators have examined the human brain for a neurological key to

the explanation of individual differences in intelligence.

Many hypotheses have been formed and discarded. The intro-

duction of correlational methods shortly befere the turn of the

century served to dispel much of the hope which had survived up

to that time. Results from two animal experiments were equally

inconclusive. ;

A few tentative conclusions, however, can be drawn from

the mass of data which has accumulated. It is not likely that

complexity of convolutions, depth of sulei or general config-

uration of the brain are related to mental ability. There is

some evidence of slight differences in gross brain size as be~

tween superior, normal and inferior persons. There is no good

evidence that these differences are more than a reflection of

differences in body size. The more dependable correlational

studies of cranial and mental measurements have indicated that

the maximal r in normal populations is between +.10 and +.15.
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Few investigators have taken the precavtion to correlate ‘heir

nental measurements with measurements of body size. When this

has been done, the xX is found to be positive, but wena

smaller than the correlations with cranial measurements.

Qn the basis of the experimental deta available, it would

seem likely that such relationships as have been conclusively

demonstrated between intelligence and features of the brain or

cranium are of a very low order, and lend little support to the

theory that excellence in mental function is closely related to

the mass of brain tissue available.



SECTION III.

The Development of Methods pestis to Permit
ASeeurate and Reliable Ane cal Measurements

of the Brain an eleton of 6 Ra’

 

The most careful investigation of the size and growth of the

rat brain is that of Sugita (65,67). The anatomical methods of

the present study followed, in general outline, the work of

Sugita. We deemed it advisable, however, to differ from his pro-

cedure with regard to several details of his brain preparation.

Sugita was principally interested in the size and shape of the

whole brain, and in the effect of growth on these factors. Con-

sequently he took pains to inelude the whole brain in his prep~

aration. The writer, on the other hand, was interested in in~

dividual differences between adult brains. It was thus of

particular importance, in this study, to prepare brains in such

a manner as to minimize the effect of preparation on measure=

ments and weighings.

The olfactory bulbs are extremely variable from animal to

animal, and are quite susceptible to damage in dissection.

Sinee the writer was not particularly interested in this part

of the brain, the olfactory bulbs were severed from the rest of

the brain on a plane parallel to the transverse and vertical axes

of the brain, just anterior to the anterior poles of the cerebral

hemispheres »

fhe distal end of the parafloceulus lies within the floc-
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