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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. Shoeck
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 18, and ranged from

11 to 198 errors, Insofar as possible, animals from the

extremes of the distribution were selected as parents for
the first filial generation. When these animals, known
as the P1 generation, were run, the mean score of the

of fspring 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 h?ight and dull enimels was continued for each
succeeding generation. In order to maintain the continuily
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 produeced in other mat~
ing of his perents. The most importent criterion for sel~-
ection, hﬁnaver. wasg the maze SCOre.

Qur hypothesis specifically concerned the nature and
magnitude of such anatomical or physiological differences
as might 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 orgens and specifie projection areas, or largely by
differences in the whole brain. Hunter (34,35) empha-
sizes the importance of multiple sensory factors, and feels
thet the maze habit is localized in definite projection
aress. On the other hand, Tryon (78), Lashley (36,37),
and more recently, Honzik (31,32), have presenited 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 fashien., Our investigation ten=-

ded to follow the latter interpretation, insofar as 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 finding 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 sbility. Aeccording to striect multiple 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=-
ties of their nervous systems, If this were the case one
might expect to find, in the case of bright animals, in-
mumerable minor superiorities. Only in the event that
these innumera“ie minor differences additively combined to
form e major difference would we expect to find such a
major difference.

As opposed to the mmltiple factor theory, Spearman
(62) has long advocated a general theory of ability.
Ac-enrding to this theory, all individuals differ in learn-
ing or intellectual ability by virtue of possessing varying
amounts of general ability er G. In the case of esch fumec-

tion the individual®s ability is the result of his Gr end ow=
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ment plus varying amounts of specific abilities, Spear-
men has, however, nevar given evidence with regard to the
anatomicel or physiological nature “f,ﬁy except in such
vague terms as “intellectual energy.”

It should be emphasized that our hypothesis was not
dependent upon either a mltiple factor or a general theory
of ability. We postulated, however, that such differences
as might exist between the nervous systems of the bright
and dull animals, would exist in magnitude comparable to
the difference betwesn the maze scores of bright and dull
enimals, If an anatomical uhnractﬁristiu related to maze
ability differed quantitatively between the two strains,
we expected the differsnce to be quite marked, Whether or
not this difference was due to the additive effect of mu-
merous minor difference, was of little immediste concern.

Our preliminery procedure was thus greatly simplified.
We hed but to compare the brains of bright and dull snimals
for gross differences., If no gross differences were found
in the case of any single anatomicel 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 yel
ready for presentation. The writer confined himself to the
investigation of enatomical features of the brains,

The literature was particularly barren of suggestions
in this regard. As is presented elsewhere in this thesis
(Section IT) the investipations of brain size in relation

to intelligence in the human species have found ne large corre-



-5=
lation between eranial or brein measurements snd intell-
ectual ability.

Two investigators have studled the relationship
between magze ability end brain size in animels. The re-
gults of Shirley (59) were definitely negative (ef. Section
IV). Bassett (5) compared the maze ability of e strain of
rate having small braine with animals from the Wistar col-
ony having brains of average size, and found that the
Wistar animals were somewhat superior., Paterson (4€),
however, showed that Bassett's results did not demonstrate
stetistically significant differences between the twe
strains,

Consequently we turmed to other possibilities in
search of anatomical correlates of ability. The work of
Hindz€ (26,27,28,29) on the vascularity of the brains of
superior persons seemed supggestive. With the cooperation
of Dr. Alexis Koneff and ¥iss Yvonne Champreux, of the
Department of Anatomy, & technique was developed for steain-
ing the vascular tree of the pia mater. In & few cases
the pia mater was removed but it was later deemed eadvis-
eble to leave it on the brains. The brains of ten dull and
ten bright animals were prepared in this manner, The com=
plexity of the vascular tree precluded direct measurement
of vascularity, so the psychological methed of ratings was
employed. Five observers were requested to arrange the
breine in order of complexity of vescular structure.

There was considerable agreement among 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,

The braine of five brights and five dulls were
then sectioned and steined according to a technique de-
scribed by Sugita (66)s Thickness of cortex was measured
at @ rumber of comparable loeci, but no differences appeared
hetween the bright and dull animals., Complete serial seec~
tions were not studied in detail, but a cursory examination
of them revealed no striking differences.

A few crude measureménts 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
strain were studied. The animals of each group were about
equelly divided as to sex. The average brain weight of the
dull anirals was 1.45 grams, with & standard deviation of
$. 099, while the average brain weight of the bright ani-

mels was 1.71, with & standerd deviation of #.089. The

eritical ratio of the difference, .26 grams, was 3.37,
indicating that the two averages were significaatly diff-
erente.

Before definite conclusions could be drawn with re-
gerd to the association between maze ability and braia size
& number of factors had to be censidered. A large portion

of this thesis is concerned with a description of methods



used in measuring and controlling these factors. It
might be well, however, to indicate the general nature
of the factors in question,

i1s Gross Body Size., Ve 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 -i-b
wes nér:aasargr to have not ﬁnly-bﬁdy weight, but several
indices of skeletal size, .

2, Technique of Dissection and Messurement. It
was necessary to develop a technique which would enable us
to obtein accurate and reliable measurements of brain size,
Fortunately Sugita (66) had worked out such methods in
considerable detail, It was possible for us to make several
improvements on his technique, particularly with regard to
the problem of ascertaining the relliability of measurements,

3, Normal Controls. We wished te lesrn if both bright

and dull strains differed from an unselected group of normal
golony rets in breain size., It might have been pBssible, for
example, thet bright animals, had brains whieh were larger
than uncelected enimals, while dull animals did not differ
from unselected animels in brain size. In eorder to invest~
igate such possibilities it wss necessary to meke anatomical
measurements on a large murber of unselected animals,

4, Concomitant Genetic Effect, It would be impossible
to conclude, from date regarding the brains of bright and

dull animels, anything regarding the relatlonships whieh

might exist between brain size and maze ability in normal



animals., It was fhuﬂ necessary for us to run our un-
selected normal animals on & maze which might adequately
measure individual differences in maze ability, and %o
correlate magze 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 nuﬁlratu sexes. These data, of
sourse, 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 animels,
It was necessary, however, to use bright and dull animals
of various ages. About half of Tryon's animals were de~
livered to the writer upon completion of the maze schedule,
Other aniﬁnla were not run on the maze, and were delivered
to the writer at ages varving from 90 to 120 days. Certain
agpects of the statistical treatment of the data were de=
signed to contrel the factor of age.

sections ITI., 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

sessociation between anatomical features of the brain and

ability. This is done in the following sactiom.



SECTION IT.

A Hist of Experimental Investigations of
the Lssociation between intellectual Traits

and Features of the Brain or Cranium

The problem of discovering anatomical correlates or
determiners of intelligence has intrigued many of tha'mnlf
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-
iﬁm, as related to intellectual ability or achievement, in
the humen species. Only two studies have been done with ani-
mals. Sinnﬁ our problem has obvious implications with regard
to the neture 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,

e 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

-
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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 1200 a large number of investigators
used cranial measurements of living persons &s indices of
brain size. Although such measurements were not exact mea=
gsures of brain size or development, the workers had the ad-
vantage of somewhat more accurate estimates of intelligencs
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 eranial measure=
ments was the feasibility of ineluding a large number of cases
of more or less homogeneous chronologieal age.

More recently HindZe (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 Russisns has been naﬁparaﬂ'with
thet of normal and retarded persons. Although Hindze'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
%11l be considered under a separate headinge.

A final discussion will consider the two animal studies
which 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, 1In 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 1vencéphale du Négre unmparé e
celui de 1'Europcéen et celui de 1' orangoutang,” which was
published in the Philosophical Transactions of Londom,
Tiedemann is cuoted 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 findine the largest of these to weight 252 ounces.

By 1885 Topinard (71) was able to report that 10,182
brains hed been weighed by 35 investigators, H. "agner
(Vorstudien zu einer Wissenschaftliche ﬂbrphnlﬁgiu und
Physiologie des Menschenliches Gehirns,” Gottingen, 1860)
started the first collection of brains of superior persons,
and made the first attempt to discover relationships between
somplexity of fissures and intelligenmce. Topinard (72)
states that Wagner had small faith in brain size as a de-
terminer of intelligence, partly because of the fact that
the hesviest brain in the Gottingen collection was that of a
Z=year=0ld hydrocephalic idiot. Donaldson (17) is authority
for the gtatement that within Bischoff's series of 559 males
there was no difference in weight between the brain of elite,
ordinary men, and ﬁriminnla.

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 braines. Twanty years later Topinard (72)
went through Broeca's original clinical reports and class-
$fied the ecases by age, sex, and bedy weight. Topinard re=-
ported that there seemed to be no consistent association be-
tween brain size and ability in FBroca's cases.

The only extensive bibliography of the earliest lit-
erature is that of Topinerd (71), end many 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 teo
1885 was done with the notion that somehow such studies
might lead to anatomical correlates of ability. It is in-
dicutive of the interest in the subject that in the second
volume of the memoirs of the Societe d?ﬁnthrnpalggia 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 Broeca, Wagner, Topinard (after Broca),
and Bischoff (ﬁaa Hirngewicht des Menschen,”" Bonn, 1880) are
elmost 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,=-
that of Marchand (41,42) in 1902. Marchand pointed out clear-

ly the techmnical and interpretative pitfalls in brain studies,
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and attempted to overcome them. His work was done at Marburg
between 1885 and 1900, and comprises 1173 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 periods In discussing the heavy brains of
geniuses reported by sporadic investigators, he states, "Derartige
Gehirne k;nnan dabei gut, je sogar sehr gut funktioniersn (Cuvier,
Turgenieff). ohne dass sie einen Schluss Euf:das Vhrhgltniu
gwischen Gehiragewicht und Gﬂiﬂteahzltigkait im allgemelinen

n
zulassen, denr in anderen Fallen sind die Funktiomen solcher

n
ubergrossen Gehirne keineswegs hervorragend.”

The elaborate monograph of Spitzks (63) recites the inter-
esting history of various societies organized for the purpose
of asceumulating large collections of the "brains of the €lite.”
Their method was pattermed after that in the bequest of Tiede-

mann, who said in his will, "Den Kn;pﬂr lgaat gffnan; es

gﬁw;hrt diess vielleicht enigen Nutzen. Finded sich ein Theil,
der den Aerzten Belehrung gew;hran kann, so nehme ihn in eine
enatomische Sammlung aufs”

Vembers of the societies signed rutual wills regerding
the disposal of their respective brains. The first of these

societies was the Suniatg d’ﬁntnEsie de Paris, which was

founded in 1881, as 8 subsidiary group withing the Societ

e i S

d'Anthropolgie. It was followed in 1888 by the American An-

thropometric Society, and shortly after by the Cornell Brain

Association, under the leadership of Professor Burt G. Vilder.
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As the "™brains of the elite”™ began to aeccumulate, the
literature became flooded with scores of extremely detailed
deseriptions of the brains of famous men. WVell over one-
hundred investigators are cited by Spitzke, and their findings
in the case of 150 brains ares sumrarized., It should be noted
that this summary of necessity consisted of a description of
each brain trested as an individual, and the only duta capable
of cuantitative 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 slizht 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 Pissures, total area of the cortex, and the
relative sizes of various lobes. One of these methods is de=
scribed by Danlldunn (lﬁqlﬂ). who also refers to many of the
other methodss . Enthu:ianm at Cornell hagan.tnwwana after the
autopsy of the noted mathematician and philosopher Chauncy
wright, of who brain Viilder says, "rhe simplicity of the fiss~-
ures, and the width and flatness of the gyres are paralleled
in +he Cormell collection only in the mueh smaller brain of an
animovn malatto. Some approach to this condition occurs in
Ruloff, a murderer, and perhaps in a German shovn by Wagner."

Ve heve alresdy mentioned that the welght standards for
"oormal” 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 landmarks for determining the point

at which the spinal cord wes severed. It is possible that



the same conditions were adhered to by all four investigators.
Te have, however, no assurance that these same conditions were
not edhered to in the case of the 150 brains reported by Spitzka
(6%). Since scores of anatomists from all perts of the world
contributed to the literature cited by Spitzka, it would be a
moet ressonshle sssumption that uniform conditions were not ad=
hered to.

Some idea of the factors affecting wariability in prep=
eration may be cbtained from the study of the brain of H. L. F.
von Helwholtz, by Hansemann (24,25).

The brain as removed from the cranium weighed 1,700 gramse.
T ig would place FHelmholtz in the ninety-third percentile of
Spitzka's list of the elite. The blood coagulum wes then re=
noved, which reduced the weight to 1,540 grams (seventy=third
percentile)s So much blood still remmined on the brain that
wansemenn estimated that the "real" weight of the brain was
from 1,420 to 1,440 grams (forty=-fourth pernuntilui. This
ningle test of the reliability of measurement might well ex=
cite our suspicion of the investigators who report no suech
ambiguities of measurement.,

Spitzka's graphic representation of the difference be=
tween normal breains and brains of eminent men is open to ser-
$ovs eriticism. The brains of 100 @lite are classified accord=-
ing to weight, and are displayed in the form of a histogram.
The 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 histo-

gram is then superimposed on the Blite distribution, with the
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result that, for everv class interval in the heavier brackets,
there is a proportionally greater number of €lite brains, while
in each light class there are more brains of normel men. It
should be noted that a few microcephalic brains among the

"ormal" series wonld be sufficient to shift the entire series

in the dir;ctinn desired, The difference between the means of
the two distributions differ by but 75 grams, the average weight
of @lite brains being 1,473 grams.

An interesting example qf‘thu 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 breins of G. Stanley Hall, Sir
Tilliam Osler, and Edward S.IHurga. The actual measurements
were made by Dr. Myrtelle M. Canavan, according to a technique
worked out by Donaldson. The frontal and occipital areas of
the cortexes of all three scholars were more extensive thtﬁ
those found by Dr. Canaven ( 13 ) in the case of three other
‘brains measured by her.

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 nufunl measure~-
ment, in this case, was done by Dr,., Addison, .Whan the results
for the normal controls were compared with those previously pre-
sented by Donaldson, it was apparent that the schnlnr# 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 Dr., Addison remeasure the brains
previously measured by Canavan, 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 appaerently been due to
differences in technique, despite the faet that the work, in
each case, was done with the same system and was supervised

by the same person.

Studies of the Sige and Shagg of the Cranium.

The latter 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 subjeet in 1898. This review contains a full reprint
of P. Broca's privately-printed memoire, "De 1'influence de
1'education sur la volume et la forme de la tete."” The date
of original publication of Broeca'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 incresse the
gize of the brain.

At the meetings of the Anthropological Institute on April
24, 1888, a paper was read by Dr. A. Venn deseribing preliminary
results from anthropometric measurements taken on Cambridge

studerts, There is no record of the publication of this paper.
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On the following dey Francis Galton (22,23,82), who was then
president of the Institute, commented on Dr. Venn's study,
end presented a rearrangamﬁnt of the Cambridge data. Measure-
ments of height, width and length of slkull were multiplied
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
approximetely true statement~--we find that a 'high honor!

man possesses at the are of nineteen a distinetly larger
brain than & 'poll?! man in the proportion of 241 to 230.b6,

or one that is almost 6 per cent larger. By the end of his
college career, the brain of the *high honor! man has in=
creased from 241 to 249, that is, by 3 per cent of its size,
while the brain of the 'poll' man has increased from 230.5
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
game statistical procedure as was later used by him in his in-
telligence testing, he established norms for stature, length
and bresdth of head, and various indices derived from these
measurements, for children from the age of 6 to 18. (9 ).
These norme 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 & retardation of f{rom three
to six years, if confirmed by inferior schelarship or un-
gatisfactory 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 investipgetions were similar in method and con-
clusion to those of the followers of Binet. The general
procedure was to divide & sample of children into two or more
groups on the basis of estimates of ability, and compare av-
erages of cranial measurementa for the groups. Investigators,
as & rule, established their own anthropometric landmarks and
their own classification of ability. The results are thus
not unmp;rabla but in a2lmost 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 ﬁnd '
04 em., in width. Loewenfeld and Eyeriech ( 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 teken, 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 that

his figures are meaningless.

T™wo imerican studies resulted in the assembling of a wvast
amount of data concerning relationships between morphological
Pactors and intelligence, Porter ( 53,54 ) supervised the
measurement of 33,500 St. Lonis school children. Mlost of these
data were never anslvzed, but one summery of 1,067 boys aged
10 is svailable. These boys were classified by school grade,
and head width was found to increase according a&s the boys
were in the first, second, third or fourth grade. The average
head width for first-grade 10-ysar olds was 145,86 mm, while
fourth=graders averaged 147.21 mm,

The second extensive American study was that of MeDonald
( 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 ehildren were bright,
average or dull, For most age groups there was about 1/6 ineh
difference in head circumflerence between bright and dull pupils.
As is the case with most of the other imerican, Freneh and
German studies, no measures of variability ere reported. MNcDonald
concludes, "is 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 at more gncurafe quantification and enalysis
of experimental data. lee ( 38 ) devised formulae for arriv-
ing at en approximation of the exact size of the brain frﬁm
cranial measurements, and reports a neglipibkle relationship
between estimated crgni&l capacity and estimated intellectual
eapacity in the case of 60 men and 30 women.

 Pgarson ( 50 ) uﬁing_ faur-fn_lﬁ tables, correlated breadth
of hesd with scholastic ability in the case of 524 Cambridge
students, and found the r to be +.0843 ¢ .024. He averaged
correlstions for 5,000 pupils of various school grades and
for Cambridge grades, and concluded that the mean r of both
‘breadth snd length of Head was of the order of f.0656. He
states, "For practical purposes it seems impossible either
in the case of exceptionally eble men or in the bulk of the

populetion to pass any judgment from size of head to ability

or viee versa."

Hﬂfe elaborate analysis of*tha data on 5,000 school chil-
drgn and 1,000 Cambridge unﬂargraduatas is prés&nted by Pearson
in a later paper ( El,)h Tha'Cambridgﬂ students were classified
inte four groups on the basis of seholarship, and the school
children were elﬁssif&sd into six groups. Correlations with
width of head ranged from f.ﬁg?'tﬁ +.1i$,'with §:E.fﬁr all
correlations between 1,000 and 2,100. Stature and head length,

however, correlated to the extent of ¢.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 date of lLoewenfeld and Eyerich { 40 ) on 935
Bevarien soldiers rated into four classes by their asm:ma;r-:1.4:53:'11.'.1.‘.I
and found en r of 114 ..:!.-. .0;& between head eircumference and in-
telligence. His conclusions from this study are an extremely
appropriate evaluation of the meening of all the findings in
this field. He says, 'fif further statistics (of which there
is great need) should show that generally there is & just
sensible positive cnrralation.batﬁeen these characters, the
correct interpretation of the feect would, it seems to me,
probably be physiologic rather than psychologice. That is to
say, the association between vigor in growth processes (lead-
ing to a well-developed body) and vigor in mentsl proéass_aa
wonld most probably be the result of the action of good eon~.
ditions of murture, Other things being equal groups of men
with ﬂﬂil-ﬂauriahed bodies are on the average likely to Db®
more able intellectually *t;han groups in which bad conditions
of nutrition prevail. Such an interpretation of the facts
seems at present to have mu&h better justification than aay
which in effect implies that a biz brain connotes per se em
able mind. Rightly interpretated the facts regarding the
correlation between size of head and intelligence, seem to ms,
simply to furnish, so far as they go, direct statistiecal evi-~

dence in favor of the adage: mens sana in corpore sanc.'




lore recently Porteus and Berry ( 54 ) have presented
data based on head measurements taken on 10,000 school chile=
dren and university students in Australis. Cranial capacity
was estimated by means of a formmla devised by Lee ( 38 ) which
mekes use of length, width and height of skull. Ages ranged
from 7 Yo 30. Percentile norms for cranial capacity were es~-
tablished for several age groups. Mental teste indiceted that
over half the lowest 10 per cent in head size were subnormsal
in intelligence., Ho correlational anslyses are presented in
this paper. In = later publication Porteus and Babcock ( 55 )
eriticize the interpretation of Karl Pearson that hesd measure=
ments have but a very slight relation to intelligence, They
insist thet, had Pearson used = more adequate index of eranial
capacity than single measurements, much lsrger correlations
might have been found. They state, "Investigations by Porteus
show that whiie the correlation is nﬂt.high it is probably
.about the order of +.3, which is much larger than Pearson found
with single measurements.,” Details of Porteus! investigation,
in which correlations of 43 were found, have not been published.

One of the most interesting of the later studies is that
‘of Murdoek and Sullivan ( 45 ) on 600 pupils of the Punahou
school in Hewaii, The subjeets 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 groups. The_

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

datd intelligence tests were used, and a correlation of +22 1.03



was found between I.C, and head diameter. ¥Veicht was found to
correlate with I.0. to the extent of .16, and stature to the
extent of +.14, the probable error in esch case being £.03.
Still anothsr study of the relation of eranial measurements to
intelligence was that of Reed and Imlligen (568), who correlated
scholastic performance of 449 Aberdeen University students with
head dismeters. The r found was'.08 1.03. Vhen age and stature
were held nﬁnatantlby the method of partial correlation, thaiz_
fell to-+.ﬁ7.. Sommerville {61) correlated several hesd die-
mensions with intelligence test scores of Columbia students.
His r's in the case of individual measurements did not exceed
*,10, ¥Vhen indices composed of several head measurements were
used, the anrrelatiuns*with.;ntelligﬁnua did not exceed +.11.
Before we consider the next study it might bs well %o re-
view the findings of the various investipgators who have situdied
the relation between head measurements end mental abilitye
Host of the studies have used the method of group differences
between averages of various head measurements and intelligence.
£ number of more recent studies have employsd correlstion tech-
nigues, and have raraly~reparted‘£fs exceeding $.11. The highest

correlation supported by experimentel deteils was that of +.22

by Yurdoch end Sullivan, between head diemeter and intelligence
test scores, It would thus seem reasonzble to cone lude that

while there is a definite relationship between cranial capagity

as indiested by skull measurements, this relationship is certair-
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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 AB. theslis of Elsie Sherman. These data consisted of a
large number of craniel measurements taken on 78 freshmen
gtudentas of engineering at the University of Wisconsin. The
measurements were correlated with grades received by the men.
full applisd a multiple regreassion technique to the data and
found that =2 combination of three head measurements and two
facial esngles correlated with scholarship to the extent of
.60, Hull points out that such a.curralation is of the
order of magnitude usually found between scholarship end in-
telligence test scores, and thus indicates the possibility
thet some sort of craniel index might be valuable in the prog=-
nesis of ability.

Since the correlation of 50 seemed completely out of
line with the other findings regarding such associations, it
seemed sdvisable to consult the original manuseript (58) from
which Full took his data for the application of the multiple
recression technique, Sherman had fortunately been most ex-
plicit with repard to the details of her experiment. The sub=
jeets were of German, Chinese, Norwegian, Russian, Bohemian,

and American stock, and ranged in age from 16 to 34. Inter-
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correlstions were made between grades in 8 courses and 17
anthropometric measures taken with a radiometer devised by
Fulle The largest of her correlations was 4.39861 1.65, and
was between length of auricular axis and semester pgrades in
& laboratory course in forge known £8 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-
regularities in Sherman's correlations which suggested the -
possibility that systematic factors related to the psculi-
arities of her population were exerting an undue inflnencs
on her results,

There is, of course, no rsason for doubting the validity
of Sherman?s results nor of Hull's anslysis of them, as applied
to the particular sample with which she was dealing. It is the
opinion of the writer that the date of Sherman are of little
velue in predicting relationships in a universe of population.
Ye suggest that Full's conelusion with regard to the possi-
bility of predicting ebility from head measurements is, to
say the least, somewhat premature.

In & recent eritical summary of the literature related
to the problem of the association of eranial measurements with
intelligence, Paterson (44) concludes, "A critical review of
availabls evidence tends to dissipate claims put forth in be-
half of an intimate relation between head size and intelligence.
Although inadequata statisticel 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 considersble 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 Hinﬂﬁa(zﬁ,
27,28,29) has suggested a new approsch to the problem of an-
atomical correlates of intelligence. 1In one publication (29)
he shows sections from the vascular tree of the pis meter of
the psyehiatrist A, Bernstein and of the mathematicien P.
Nekrasoff, and compares them with the wvascular tree of a:ban-
dit and an unknown 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 Hindz@ has reported sﬁanifically on less than ten
cases, and hes developed no quentitetive method for estimst ing
the depree of complexity of the vascular system of the pila
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 aceepting 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,



—28—

have reported similer findings may we feel certain that the com=

plexity of vascular system of the pia mater is an important

correlate of intellectual ability.

tnimal Txperiments

In- the‘e*nt-iré 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 studv of Bassett (5), who‘inveatigated 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 Vistar Institute of Anstomy a progressive decrease in
brain weight was observed for four generations.

The animels of the fourth generation seemed to lack
general vitality, and their average brain weight weas about six
and one~half per cent below that of normel animals. TInbreed-
ing was continued for six more generations, but the progressive

decrease in brain weight did not continue.

it 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 & similar da-_
crease in ability to form habits. Thirty-one males and thirty-
one females from the inbred strain were compared with s similar
number of normal controls on the Watson cireular maze; and on

learning and relearning of the ineclined plane box. Bassett con-
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cluded, "In all these experiments the strain of rats of lesser
relative brain weight learmed lessrwell, 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 Ir&-
lesrn, and the time of absolute retention, was far greater in
the case of the inbred rats tm in that of the normal control
geriess In the maze experiment, two inbreds and one control
failed to learn; two inbreds failed to relearn. In the in-
clined plene experiment, eleven inbreds and two controls
failed to learn,”

The data presented by Bassett is in suel;1 & form as to
render it impossible to learn anything concerning the vari-
ability within his normel and control groups. Time and days
to learn are the only criteria of learning used. The time
curves for his experimental and control groups on the masge
differ but slightly from each other., The average number of
days required for the inbred animsls to learn was 36.62, while
the average number of days for the control group wes 24.62.

Paterson (46) attempted to znalyze Bassetit's original
daeta for statistical significance. VThen four particularly
poor inbred rats and one poor control rat were emlude;‘i, the
distributions of learning scores for the two groups were almost
identical. He also determined the median number of deys 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 1l days,



while the probable error for the median of the control animals
was §.50 days. It is obvious that the difference of five days

betwesn the two mediens is not significant.

The other experiment on the relation of maze ability %o
brain size was that of Mary Shirley (59). Twenty-nine mele
rats were trained on an 8~blind lashley maze, the odd-even
srror reliability of whiech was +.80 1.048. The odd-even time
reliability was +.95 1,015. The number of errors required to
reacch & eriterion of three successive errorless runs correlated
with total brain weight to the extent of +.29 1.129. Marze
time snd brain weight correlated +.19 1.1%6. The correlntion
between number of trials required %o resech the eriterion snd
total brain weight was +.13 1.139. The correlstion between
maze errors and per cent brain weight to bbdy weilght was
+.2% 1,134, Sﬂe concludes, ""The coeffielents are all too 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 musis‘l:.ent.-is that between maze errars and
brain weight. WThether relative or absolute Wﬂigh?,_i g usa2d, the
corrzlations between brain weight and errors are ﬁbuve‘i.u?{).

The relationship between maze learning and brain weight, iusofar
as one exists at 8ll, is, then, the heavier his brazin, the more
rat blunders. This is not a ralétiunship to be expscted, or ome
in which 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 accumulatinez since



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 exzcellency of its function.”

SUmmary

Few problems have so engrossed the attention of biologi-
cel scientists during the past hundred years as the quest for
anetomical determiners of mental sbility. Hundreds of investi-
gators have examined the human brain for a neurclogical key to
the explanation of individusl differences in intelligence.
ifany hypotheses have been formed and discarded. The intro-
duction ﬂf.carralatinnal methods shortly before 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.

b 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 indiceted that

the maximal r in normel populations is between +.10 and .16,



Few investigators have taken the precantion te correlate “heir
mental nmeasurements with meesurements of bodv size. Vhen this
has been dons, thaiz_is found to 5& positive, but Bﬁmawhat
smaller than the correlations with cranial measurements.

On the basis of the experimental deta avaeilable, it would
seem likely that such relaticnships as have besn conclusively
damonstrated between intelligence and features of the braig or
eraniun 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 svailable,



SECTION III.

The Development of ¥Wethods Designed to Permit
Eecurate and Reliable Ana%ﬁ{ca? Measurements

of the Brein and Skeleton of the Rat

The most careful investigation of the size and growth of the
rat brain is that of Sugita (65,67). The anatomieal methods of
the present study followed, in general outline, the work of
Sugitae. Ve deemed it adviseble, however, to differ from his pro-
cedure with regerd to several details of his brain preparation.
Sugite 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 include the whele brain in his prep~
aration. The writer, on the other hand, was interested in in-
dividuel differences between sdult brains. It was thus of
partieular importance, in this study, to prepare brains in such

o mammer as to minimize the effect of preparation on measure~

ments and weighings.
The olfactory bulbs are extremely variable from animal te

animal, and are gquite Immaptlhl-a to damege in dissectlion.

Since the writer was not particularly interested in this part

of the brain, the olfactory bulbs were severed f{rom the rest of
the brein on 2 plane parallel te the transverse and vertical axes

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

hemispheres.
The distal end of the paraflocculus lies within the floc-
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cular fossa, and may be removed intact only by careful dissection
of the fossa. . Even with most careful disseetion the pareflocculus
mey occasionnlly become torn from the rest of the cerebelium. In
order thet all brains might ba comparable in this respect, the
paraflocculi, which together comprise less than five per cent of
the total wmeight of the brain, were removed,

Sugita's meesurement of brain height was from the stalk of
the hypophysis to the dorsal surface of the brain, and vertical
to the plane on which the brain is resting. Ordinarily this
measurement is also the greatest height of the brain. OSinece it
is impessible te sees the Iitalk of the hypephysis while the brein
is resting on sn horizontal plane, we disregarded this landmark,
and took; in each case, the greatest height of the brain as
measured from the horizontal plane upon which it rested.

In order to study accurately and in detail the assoeistion
between brain weight end maze ability, it was necessary for us
to have accurate and detelled information regerding other factors
which might possibly be associated with brain size, such ss body
weight, skeletal size, age, and sex. Specifically, we wished to
Imow, in the case of bright and dull enimels, whether brain size
wes unigque in its sssociation with meze ability, es compered with
other measures of gross anatomy,

Almoat all strietly anatomicel studies of the rat reported
by Domaldson (18) satisfy themselves with averages of observa-~
tions, and are not egncerned with measures of reliability or
variability, Tt was our purpose to learn, in the case of each
measure employed, not only the varisbility of owr @1&, but
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also the accuracy with which our measurements were measuring the
variables in question, This would ordinarily be determined by
correlating duplicate measurements in esch case. Viherever possi-
ble this was done. Certain peculiarities of the present experi-
ment made it necessary for us to obtain our reliabilities in a
somewhat different mamner, for ecertain variables.

In the case of brain weight, for example, the prepared speci-
mens were weighed to one~tenth of 2 milligram. Excepting the
possibility of a major error in weighing, the correlation between
duplicate weighings would be almost unity. There are, however,
several other factors which might reduce the accuracy of an in=-
dividual determination, and whiech would not reduce the relisbil-

ity coeffieient between duplicate weighings, The brain, in situ,

is connected directly with the olfactory lobes, and with the
spinal cords In the process of dissection the brain was severed
from the olfactory lobes and from the spinal cord st landmarks
which are deseribed later in this section. It is obvious that
the error involved in preparing the brains would be many times es
great as the error involved in weighing the prepared specimen.

It was therefore necessary to obtain a measure of Qrain size
which was independent of the landmarks used in preparing the brains.
For this purpose we selected three linear measurements similar to
those used by Sugite (66). These measurements are expressed in
the data as L (length), % (width), and H (height). The details of
measurement and the landmarks used are described later in this
section. These three measurements, H, L, and W were later milti-

plied together to give a rough measure of volume. Letually, how=



ever, this measure, which we will hereafter eall M, is the volume
of a cube, bounded by the three dimensions of brain width, mean
length of cerebral hemispheres, and meximum brain heicht. That M
is closely related to brain weight, although entirely independent
of it in measurement, is shown by the correlation of +.76 +.030

between brain weight and i, in the case of 88 normal male animals,
age 180-200 days.,

Special Problems of Gross Body Size

Probably the most inadequste measure of gross body size is
body weight. In the course of running a maze for 20 days, enimals
frequently lose as much as 30 grams. Kinor illness will oftten re-
duce the weight of an animal 50 grams in the course of a week.
Animals reduced from an unlimited supply of food to an adequate
daily ration of 15 grams, will frequently lose 50 grams in two or
three weeks, Consaguently it was ncecessary to secure more stable
indices of body size. Three measurements were taken for this
purpose,== length from snout to tip of tail, length from snout to
base of tail, and tibia length. A special instrument was devised
for measuring body lengths. The ineisors of the anaesthetized
animel were hooked under a c¢lamp which pinioned him to a vertiecal
boerd. A millimeter scale was attached to the board, and readings
were taken from the tip of the nose to the base of the tail, and
from the tip of the nose to the tip of the tail. Duplicate measure=-

ments were taken in the case of the 50 normal males comprising
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Series R*, and the reliability of the nose-to-base messurement was
found to be +.90 %018, while thet of the nose-to~tip was found to
be +.94 *,011, Then nose=to=base was correlated with nose-to-tip,
the r was found to be +.92 %015, in the case of the animals com=
prising Series R.

The other index of skeletal size chosen was the tibia. Im-
mediately after preparation of the brain for measurement and
weighing, the tibia was removed and tagged. It was later placed
in a solution of 25 per cent soap solution, 15 per cent ammonia,
and 60 per cent weter, and kept at a temperature of 100° for a
period of two hours. HNeasurements were teken with vernier cali-
pers from the intercondyloid fossa to the tip of the medial
malleleous., Duplicate measurements were taken, and the reli-

ability was +.96 %,007, in the case of 65 normal males.

Cranial Measurements.

Since the breins examined in the original groups revealed
. such a striking difference between the bright and dull strains
of animals, it seemed worthwhile to discover whether these dif-
ferences might be reflected in the size or shape of the eranium.

Two measurements were selected which promised to give rea-
sonably accurate estimate of the length and width of the cranium.

Length was measured from the center of the coronal suture to the

W
#Fi Pty unselected colony meles were used for the purpose of ob=

taining reliability coefficients of anatomical variables which
were not otherwise obtained. These animals constituted series R,
and date from their messurement appears only in this Section.

The factor of age was not rigidly controlled, but the distribution
of individual scores was similar in range and variance to that of

the unselected colony males,
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lambdoidal ridge, along the suture of the parietal bones. Width
of the eranium was taken as the greatest width of the paired
perietal bones. MNMeasurements were taken with dividers similar
to those used for brain measurements, No cranial measurements
were made on the normal animals, except the Series R group, for
the purpose of obtaining reliability coefficients. The findings

in the case of cranial measurements are reported in Appendix I.

Details of Dissection and lMeasurement

Throughout the entire experiment the writer was aided by two
assistants. The writer did all of the dissection and preparation
for measurement .. The brain was then transferred to the first
assistant, who made all measurements, and who in turn, transferred
the brain to the second assistant, who was responsible for weigh-
ing and bottling. The first assistant was trained personally by
the writer for = veriod of three months before the first data pre-
sented in this thesis were collected. The second assistant was a
greduate pharmacist. When bright and dull animals were worked onm,
neither sssistant was told which animals were bright and which
animals were dull. The assistants were not familiar with the
numbering system use@ by Tryon whieh distinguished bright from
dull strainse.

Two factors made it imperative that the entire operatiom,
from dissection to the moment at which the brain was placed in an

enclosed receptacle for weighing, be conducted ag rapidly as pos-

sible. Preliminary studies showed that evaporation might account

for the loss of es much as 20 mg. per minute, after removal from
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the eranium. Probably an even greater weight loss was caused by
fluids which ran from the surface of the brain and collected omn
the glass plate under the braine. Praectice on preliminary animels
made it possible to reduce the interval during which the brain
was exposed to less than one minute., Although it would have been
desirable to take duplicate measurements on all experimental prep-
arations, we felt that such a proﬂaﬁure would delay the weighing
of the brains for too long a time. Reliability coefficients for
brain and eranial measurements were obtained from Series R ani-~

mals. The ceefficiuﬁts obtained were:

Cerebrum Width - t.968 1007 .
Cerebrum Length f«98  1.004
Cerebrum Height .96 1007
Hes L t H XW .97  1.005
Cerebellum ¥idth 1«97 1,005 -
Cerebellum Length 1«92 %015
Craniym Width L w5008

" Cranium Length 1,96 4007

The various steps in the procedure are outlined below:

1. Anaasthésia. The animals, in » state of 22-26 hours
hunger, were placed in a bell jar arﬂ‘-.ﬁhaenthatiz_ed with ether.
They were removed, thoroughly anaesthetized, but living, after a
period of from two to three minutes.

2+ Body-¥Weight. The weight of *Ibha animals was teken accurste=-
ly to 2 grams. As has been pointed out above, this accuracy Was
far greater than diurnsl, dietary, and other factors which affect
body weight. As mentioned above, there was a maximum differemnce
of four hours between final fesding and determination of body

weight. Thile this difference may have effected body weights to
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the extent of two or three grams, the effect was unsystematic as
between bright and dull animals. Brights and dulls were teken

from their ceges and prepared in random order.

3+ Body Lengths. The incisors of the animals were hooked
into a specially designed device which pinioned them vertiecally
to a measuring board. The distances from tip B‘f snout to tip
of tall, and tip of snout to base of tail were taken to the

nearest millimeter.

4. Dissection. The anaesthetized animal was killed by de-

capitation. Skin and muscles were removed from the head as com-
pletely as was found necessary for the subsequent operations,
and the lower jaw was removed. The spinal cord was severed pos-
terior to the ersnium. The top of the skull was them removed,
and the pia mater was slit and removed from the surface of the
brain. The olfactory lobes were then severed from the brain on
a plane parallel to a transverse section of the brain, and just
anterior to the poles of the cerebral hemispheres. The brain
was then 1lifted from the floor of the skull. The optic nerve
was cut at the chiasma, but other nerves were allowed to break
at any point, The hypophysis remained in the cranium when the
brein wes removed, and the stalk of the hypophysis was allowed
to break at any point. The brain was then transferred to a
zlass plate of known thiclness. The medulla oblongata was sev~
ered et the posterior pole of the cerebellum. The preparation
was ;:hen handed to the first assistant for measurement. The
svriter meanwhile removed, tagged, and partially cleaned the

tibia of the left hind lege
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4=i, Tn the case of bright and dull animals, two additional
measurements were taken. Length of skull was measured from the
center of the coronal subture to the lambdoidal ridge, and width
was taken as the zreatest width of the paired parietal bones.

lMeasurements were taken just prior to the removal of the roof

of the eranium.

5. Width. For this and subsequent measurements of the
brains, a series of metal dividers was used. These dividar'a
were adjusted by means of a screw to the landmarks bounding the
desired dimension, end were later measured with a steel measur-
ing rod to o tenth of a millimeter. The measurement of width
was the greatest width along the frontal plane, dimension W=W'
in Figure 1. (Figures and tebles will be found at the end of
the text).

6. Length. Since the brains of many enimals are somewhat
as ymetrical, measurements were taken of both cerebral hemispheres,
and were from the frental pole to the occipital pole of each hemi-
sphere. Both readings were recorded, and their mean was used for
subsequent treatment of the data. Yeasurements are L-LY and 1-1°
in Figure 1.

T H_ei_g;h_t_. In the case nf this measurement, considerable
improvement was made over the method used by Sugita (60). He
states, "I brought the brain to the nga of the glass plate, in-
serted one end of the calipers under the basal surface at the
stalk of the hypophysis and, holding the calipers vertically to

the plate, carefully measured the distance to the dorsal surface

of the brain.’
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As has been previously stated, the glass plates used for
measurement in this experiment were of known thickness. They
were selected from several hundred plates, and were between
1.224 and 1.226 mm. in thiclmess. A micrometer stage from a
nmicroscope was set up vertically on a platform in such a fashion
that the greatest height of the brain could be measured on the
vernier scale of the stage accurately to one-tenth of a milli-

meter. This measurement is shown in Figure 2. The brains were

then transferred to the second assistant.

8e Brain Weight. The brain weights of the first seventy-

five animals were determined in a manner which was later aban-
donede The brains were removed from the glass measuring plate

eand inserted in a pylnometer. This container was stoppered and
weighed asccurately to ,002 grams, The pyknometer was then opened
and £illed with a solution of physiological saline. The con-
centration of this solution was 9 grams of NaCl to one liter of
water. Bottle, brain, and saline were then weighed. It was our
intention to use t};is second weighing for the dual purpose of de-
termining specific gravity of the brains and as a check on The or-
iginal weighinge. The method was found to be unsatisfactory. Lven
though the pyknometers used were specially designed to hold a con-
stant volume of liguid, the magnitude of error in filling the
pvknometer was so great as to preclude accurate determinations of
specific gravity. There was, moreover, & dangerous possibility
of more serious error in the use of the pylmometers for original

weighings. The weights of the pyknometers were checked each day.
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On several occasions a material decrease in weight was observed.
Apparently, & minute piece of glass had been chipped from either
the cover or the bottle. A total of more than 25 brains had to be
discarded for this reason. Since the elimination of animsls was
contingent upon conditions unrelated to the maze scores of the ani-
mels, it is improbsble that the results from remeining animals were
systematically affected by the selection. This is equally true in
the case of animals eliminated for other incidental reasons, as
noted elsewhere in this Section and Seection IV.

The second procedure adopted was much less susceptible to
error. A glass weighing plate was prepared by smoothing the edges
of & thick cover glass with a fine emery. The brain was placed on
this weighing plate after removal from the measuring plate. It
wes immediately covered with a glass bottle, the edges of which
were fused. 1In order to avoid possible errors in subtracticn, e
plate and bottle of equivalent weight were placed on the other
pan of the balanee; The aquivgl&nna of these, as well as the ac-
curacy of the balance, was checked each daye. The actual weight
of the praparatiﬁn could thus be read and recorded directly.

9. Preservetion of Brains. After weighing, the brains were
trensferred to & small bottle containing a 4 per cent solution of
formaldehyde. This bottle was imediately corked, labeled, and
paraffined.

9=A., After a period of from 15 to 20 days from the time of
immersion in formaldehyde, the brains were removed with a fine
needle, immersed for three seconds in distilled water, then for

three seconds in 90 per cent alecohol, then in ether. The bralins
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were then exposed to the air for 30 seconds. The purpose of this
operation was to free the surface of the brains from adhering
formaldehyde solution. After 30 seconds of exposure the brains
were transferred to the weighing plate, covered, and wesighed.
This was followed by re~measurement, with the same procedure as
used in the case of the fresh preparations.

As has bsen indicated earlier in this section, time was an
extremely important factor in the original handling of the brains.
Had it not been far this, the idugl procedure would have included
duplicate measurements taken on the fresh preparations. This was
actually done in'the case of animels composing Series R, as above
reported. However, for the purpose of this study it was thought
particularly important to have a check on major errors in measure-
ment or recording. It was found that the effect of 15-20 day im-
mersion in 4 per cent farmlﬁahyﬂé solution was to increase the
weight of the preparations quite uniformly to from 65 per cent to
75 per cent above their original weight. Whenever the per ecent in-
crease was less than 65 per cent or more than 75 per cent, such
breins were discerded. Reweighing thus served as a rough check on
the original weighing of the brains. The correlation between the
w:ei ght of the original prepsration was +.87 1,018 in the case of
the 88 normel males. Correlations between measurements before and

after preservation in formaldehyde were:

M +.47 4066
W te34 1,063
L +66 1.040

It will be seen that there 1s considerable distortion of the



brain, particularly in the transverse diasmeter, as a result of form-
aldehyde fixetion,

As has been previously stated, brains whose percentage increase
was less than 65 per cent or more than 75 per cent were discarded.
Altopether 2bout 20 records out of a total of over 300 were dis=
garded for this reason. It seemed inconceivable that these had all
been errors in originel weighing. The writer has recently discovered
what seems to be a likely explanstion of the too~frequent aberrations.
Donaldsen (18) on pagellO summarizes the results of =a number of in-
vestigations of the effect of fixatives on the weight of brain prep-
erations. There is some reason for believing that a mineor dE?iuiian
in the pH of the fixative may materially alter the amount of lig-
uid absorbed by the preperstions At the time the experiments re-
ported in this paper were performed the writer was ignorant of this
fact, and consequently failed to control the pH of the formaldehyde
solution. On the whole it would seem wise in further experiments
to use M as a check on brain weight, rather than to resort to pre~

servation end re=weighing,



SECTION IV

The Development of Methods for Stud

the /\ssociation gen 3rain S5ize an
Wmze Ability in Unselected Animals’

The preliminary findings councerning the associatlion between
brain size and mazs ability in the case of Tryon's brizht and
dull strains of animals suggested the possibility that this as=
sociation might be found to exist in the case of unselected
animels. As has been stated in Section II, the only eomparable
animal studies of this asscciation were those of Bassett (5)
and Shirley (58). The results of the former investigator showed
a slight superiority in maze and problem box performance on the
part of Wister rats as compared with a sirain of animels char-
acterized by the possession of small brains. Paterson (46) has
analyzed the data of Bassgett and found that the differences be-
tween the two groups of animals were not significant.

The results of Shirley were negative. It should be empha<=
sized, however, that as late as 1928 very little was known about
the feetors affecting reliability and validity of maze scores.
The maze which she used, although containing 8 culs-de-sac, Wes
extremely simple. The median number of trisls to reach the eri-

terion of 2 successive errorless trials was 10 trials, and all

*The term Tanselected animels” will hereafter be used

to denote animals from the colony maintained by the Depart-
ment of Psvehology at the University of California, as dis~
tinguished from Tryon's bright and dull strains of animals.

~4.6=
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her animals had learned the maze by the twenty-seventh trial.

She states, "Those who have worked on the maze say that the

simpler the maze, the more consistently it measures whatever it

n

does measure. This statement might well be contrasted with

Tryon's (75) first experimental-statistical prineciple {Cf.infra).
In sddition to the inadequacy of the measuring instrument
used for determining maze ability, there are several other ques-
tionable aspeets of her study. There is no assurance that her
enimals were of similar age when dissected. The number of cases
is much smaller than should be used in a study which attempts to

investigate relatiml‘ﬂp& of this nature,

The writer was particularly interested in using the best
possible methed for measuring individual differences in meze
sbility. Since it was our purpose to use the animals studied
in this experiment as & control group for the bright and dull
streins, it would hasve been desirable to run these animals om
the self-recording maze developed by Tolman, Tryon, and Jeffries
(70), end used by Tryon (74) in his study of the inheritance of
maze sbility. This meze, however, is in continuous use and was
not aveileble for our investigetion.

T+t wes our tesk, then, to devise a maze which would measure
tndividual differences as adequately as possible. In doing this
we attempted to follow the eight cardinal ?xparim&rnta].-statistienl
principles laid dewm by Tryon (76) for securing highly reliasble
and valid maze scores. These principles are briefly summerized
below:

l. The amount of " material® to be learned should be large.
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2. Individuals shonld be well “"test~broken" before sctual
experimentation begins,

9« The experimentel situation should be carefully controlled.

¢. Scoring should be as objective as possible,

5« A larze "spread of talent" is desirable,

6. The greater the heterogeniety of correlated "irrelevant
factors,” the higher the reliebility coefficient, other things

being equal."*

7. The two sets of measurements correlated to give the re-
liability coeffieient should be as "ecomparsble"” as possible.

8. A large number of cases should be used.

The remeinder of this section is devoted to the details of

apparatus, animals and procedure.

Apparatus

l. linze pattern. The study of relisbility of meze-measures
for rats reported by Tolmsn and Nyswander (69) in 1927 indicated
thet the 14=unit multiple~T maze was the most satisfactory type
at that time. The highest relisbility of any maze which has
been used for animal experimentation is that of Tryon's (74,75)
17=unit Maze X. The writer felt that even these mazes might not
sdequately measure the higher ranges of ability, so a more com=

plicated pattern of 22 units was devised. This pattern is shown

* 7hile heterogeniety of age, welght and sex does make
for high reliability, the peculiarities of our experiment de-
manded thet special care be used in controlling just such
factorse.



in Figure 4., The Tolman~Nyswander meze pattern is included in
our pattern and consists of units 5 to 19.

The correct path inveolved 12 right choices and 10 left
choices.s There were eight choice peints at which centrifugal
swing (4) would force animals inte 2 blind, and thirteen cholce
points whare centrifugal swing would force animals into the true
patha.

2e VMaze Construction. The maze was of the elevated bleock
type described by Dennis (15), and wes constructed of 2X8 sur-
faced white pine planks, three feet in length. These planks
were nailed together into the pattern of the magze and braced
firmly. The ~urface of the maze was earefully sanded, and all
eracks and joints were filled with plastic wood. The maze them
received three coats of dull shellae, and was theroughly seanded
agein after the last coat. Six inches from the end of each
blind & *tremsverse stripe was painted. Crossing this stripe was
later to be our eriterion of error. Symmetrical stripes were
made on the true path. There were no gates or other impediments
on the maze.

3. Rotating Food Tablee In order that all animals might
heve similsr food compartments, and to facilitate the running
of a laurge number of animals, a rotating food table was con-
structed, patterned after the delivery table used in Tolman,
Tryon and Jeffress’ self-recording maze (70). This food table
had twenty-five compartments, and was supported by ball end

roller bearingse
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4e Food.. The food given the anlmals was a modified Steenbach
diet prepared in the form of a wet mash. The methoed of adnrinis-
tration used in this experiment was new, and consequently will be
described in some detail.

Thenever it is necessary to control the smount of food given
te sn animal in an sxperimeant of this kind, it has been necessary
to carefully weigh each portion. Even when sxperimenters are ex-~
srcising considerable care in the contreol of food, deviations of
from 2 to T grams are uot infrequents MUost of these deviations
are the result of differences in weight between food pans usede
In this experlment use was made of an ordinary pastry bag of the
type used by uakers in decorating cakes. The bag was conical in
forms and at the apex was & nozzle having a diameter of one~half
inch. The mash was mixed to the proper consistency and trans<
ferred to the bage The mash was then squeezed from the bag in
the form of a long eylinder onto a table coversd with a thin
layer of dry foed. The cylinders were dusted with dry food and
cut to the desired length. In the present experiment twelve
grame of food were fed to +the female animals and fourteen grams
to the males. The lengths cut were six and seven inches, re~
spectively. The mash was then rolled into a ball. A large
number of balls were weighed, and in no case Wwas the deviation
from the required weight greater than one Eraie A sufficient
number of balls were made at one time for the day's run, and

they were kept in a closed container until needed.
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The animals were from the colony maintained by the Depart=-
ment of Psychology at the University of Celifornia., This colony
is not inbred. The animals were from 120 to 160 days old when
removed from the colony. The original rroup (Group I) used was
composed of 50 males and 556 femnles, and was run for 40 days
on the maze., A second group (Group II), consisting of 55 males,
was run for a period of 20 davs under conditions similar %o
those which prevailed when the original group was run. While
no attemnt wag made to run animals within definite age limits,
all animaels were between 180 =2nd 200 days of age when killed
and dissected.

Of the original 56 femsles and 110 males, but 38 females
and 88 males remsined in the final dsta., Of the 17 females
and 22 meles which were disearded, 15 were eliminated because
of sickness, death, injury or refusal to run the maze. The re~
meinder were eliminsted becemse of umsatisfactory brailn weight
or meesurements, or other technical difficulties. Eightesn un-
selected animsls were among those whose brain weizhts were dis-
cerded because of difficulty experienced with the pylmometers
The offect of eliminstion of animals becsuse of errors in weigh=
ing hes been diseussed in cection ITI. It is difficult to es=
timate hew . ielations may have been affected by elimination
of sick animals or animals which refused to rum the maze. The

puess which we would hezard 1e thet both body end brain corre=



latione with maze scores might have bsen slightly higher had

these animels been included.

Enucleation and FHumberin

The animals were anaesthesized before enucleation. At this
time their ears were marked according teo the mumbering system

used in the Psycholoziecal lLaboratory of this Uriversity.

Prelininary Treining

The animals were carefully gentled by handling for a period
of three days after enucleation, Actusl preliminary training
mey be said to have bhegun on the fourth day after enucleation,
and will be designated in the following outline as Day l.

Day 1. The animals were removed from their cages and placed
in a2 compartment of the rotati'ng food table in which a 1b-gram
nellet of food had previcusly been placed. The animals were
left for a period of about 15 minutes in the compartment, and
then removed, Hagarélesa of whether they had eaten sny of the
focd in the compartment or not, they were imnediately given their
reculsr retion in the cage. They were transferred to and from

the cage in 2 metal waste basket, the floor of which was covered

with shavings. This waste basket wes ﬁsgd ui;‘w_*._:-‘f*--ﬁtly whenever
animels wer- -.rried to or from their cages.

Day 2. The snimals werc again pleced in the compartment
with the food pellet, znd were left for one hour, They were not

given additional food when returned to their cagese. m this and



a1l sueceeding days, li-granm pellets were given to the males and

12=grem pellets were given to the females.

Day . The same procedure waz adopted as on Day 2, except
that the animals were left but one~half hour in the food com=
partment, XL1l1 but three animals had eaten at least some of their
food In the compariment before removal to their cages. These
three animals were eliminated.

Day 4. A plank, similar o those comprising the maze later
to be used, was placed at the entrance of the rotating food
table. The animuls were removed from their cages and set on
this board one ineh from the opening into the compartments.
They were tho.. eased pently into the compartment, and the table

was rotated until the next compartment was in front of the en-

-

trance.

Day 5. Procedure was similer to thet followed on the pre=
ceding da7y, exeept that most of the snimals stepped into the
compartment from the plank without assistance. About thirty
seconds was nllowed befors the experimenter assisted an ani-
mel into o compartment.

Day 6. Procedure was similsr to that of Day b.

Day 7. The animals were placed on the plank ebout 8ix
inches from the opening into the compartmente. Almost ell ani-
mels entored the compartments without assistance.

Day 8. Procedure was similer to that of Day 7. except
that the animels were placed one foot from the opening inte the

compertment.



Day 9« Irocedure wes similar te that of Tay 7, except
that the animels vere pluced three feet from the opering inte
the compartnent, When animals reversed their direction on the
plank they were allowed to proceed to the end of it, which was
three feet from the exctrence into the compartment.

Dey 10. The plank was sxtended in length to & tetal of 10
feet, and the snimals were placed shout © feet from the entrance
of the compertmwent,

Day 11, The plenk was extended in length to a total of 20
feet, and the animals were placed about 19 feet from the entrance
of the compartiment, When the snimels reversed their directien,
a2 piece of cardboard 15 inches sguare was quietly placed in front
of them, This same cardboard was used to block all retracing
during the rest of the preliminary training, and during the ac~
tual running of the maze,

Dey 12. The animals were placed 19 feet from the snirance
to the compartment, snd facing away from it. In all cases they
nroceeded to the end of the plank and then reversed their di-
rection.

Day 13+ Procedure was the same as that on Day 12, oxecept
thet the entire apperatus was reversed in the room, and the ani-
mals were required te run south instead of north (Figure 3).

Dey 14. Procedure was the same a8 that on Day 13.

Day 15, The enimals were sctunlly run on the maze, and
error scores were reccorded. Sinece these scores wWere not included

in *the totsal error scores of the animals, Day 15 may properly be
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Wowsver, identlieal with thet followed during subsecuent dave of
S -k el

maze rinning. Four animals who refused to traverse the maze

nwere alinineted on Dav 15,

Imze Runring Procedure.

The plan of the maze used is shown in Figures 3 and 4. An
entire cage of animsls (usually five) was removed from the shelves
in the metal waste basket and carried to the start of the maze.

The animals were placed successively on the maze by hand and
were allowed to run through to the food compartment. A few ani-
mals, during the first few days, attempted to retrace the maze.
They were blocked as scon as possible with the cardboard, On a
fow occesions animals retraced into a blind before it was pos<
sible to block them. This was not scored as an error. 0ne
trial per day was given, and the animals received no food other
then the 12 and l4-gram rations which were given in the food

compartment. Approximately 15 minutes were allowed for eating.

Olfectory Cue Control,

”_l_ﬁ-—-—_M

Two measures were taken for the purpose of econtrolling or

equatinz the effect of olfastory cues. The first of these

measures consisted of washing the surface of the mnze with a wet

cloth. Whém a5 was the case with Group 1. both males and females

were being run at the same time, the males were run first. The
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mpze wWas them washed, and the females were rune This was followed
by & second washinge While Group 2 was being run, the mazs was
washed once at the end of each day's rune.

ihe second precaucion taken was To rotate, irom day To day,
the order in which animals ran. If, for example, the animals
from cage A were run first on & certain day, on the succeeding
day they were run last, and cage B was run first. On the third

day cage C would be first, B would be last, and A would be next-

to- 1&5'1}; Ll e

Trror Sﬁoring 5

in attempt was made Lo define an error as objectively as
possibles As has previcusly been stated, black lines croased
the maze at points six inches from the end of gach blinde. FErrors
were scored only when an animal entered the blind at least far
enough for his nose to cross the black line. There were, during
+the entire course of the experiment, very few cases where there
was even slight doubt with regard To whether un animel had made
an error or nobt. 1In nearly ell cases, when an animal entered a

biind more than three inches, he proceeded to the end of the

blind,

Choloe of lieasures of learning Lbilitz.

Eerly maze studies frequently selscted the number of days

recguired to reach @ eriterion, or the number of errors made before



reaching « eritericn, as & measure of individusl differences in
learninge XNore veesnily, Tolmen and Eyswander (6¢), and Tryom
(75) end 1ecper (%9) heve found that highest reliebility co-
elfficients were ghtainzd when senimals were run for s constant
mmber of trisls, and when error scores on éven days were sorre-
lated with error scores on odd days. There is, however, no
certainty that a procedure which is highly reliable is alse
very valid. Since the writsr was interested in obtaining the
mest valid measure of learning 2bilivy possible, Croup 1 was
run for 2 period of 40 days. It was hoped that most of the
animals would learn the maze perfectly within this time. This,
however, did .ot »rove teo be the case, Even when animels made
grrorless runs during ths early part of training, they never

wm inteined perfect scores for more than three or four days.
The maze, apparently, was too difficult to be perfectly learned
and retainsd by =11 animsls. There were, hovover, wide in~
Aividunl differences. After the first few days, several ani-
mals svoraged less than two errors per day for the entire

E.‘I"iﬂd-l

The intercorrelstions and relishilities of several of the
ecores caleulsted are given in Table T. Only 44 snimals reached
a eriterion of one errorless run during the 40-day pariud. Total
errorg for 40 dsys eorrolsted with 10 and 20~day error SCOres,
$.70 end +.82, but the 20-dey Scores correlated with 10-dey scores

but 4.6%3. Iz view of the relstively high r between error scores

for shorier lengths of time and 40-=day scores, it was Geoemed ad-
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visable to ruan the animals ol CGroup II for but 20 days. 1ls
srror score for the enimals, as & group, plateaued at about 12
deys with en averege of 5.2 errors per trial. During the re-
raining 28 days the curve did net go below 4.7 errors per daye

loreover, the cases of six animals indicated that the in-
clusion of the 1lsst 20 days might not be desirable. L4l1l six of
these snimels lesrned repidly and mede zere scores before trial
°5., Teb, at trisl 30, they were making fram.ﬁiﬁe to aine errors
per day, The fact that none of these &nmalﬁ was noticeably
slower in running, 1';-;1{{ thet none of them lost any undue amount
of weight sesmed a feirly good indication That the animals were
in good healili.

vhile similer behavier has doubtless been noticed by other
experimenters, there sesms Yo have beea no attempt to explain
it. The possitility oceumrred fn the writer that there are ac~
tually tvo “good" learniag responses shich an animel may make
to the maze situation. It is usually sssumed that enimal maze
learning consists essenbially of eliminetlon of blinds. In this
ssgumrtion 15 often implied that blind entrance, and the rever~
sal of dfirsetion thereby necessitated, is an "unpleasant” ex-
verience. That this is true s supported by the fact that nost
enipals setually do glve evidence of lemrning in terums of blind
elimination. It would seem equally possible, howWever, that some
animels might learm to enter and leave blinds skillfully, and
withcat "unplessant” experience. This might be especislly true
in +he case of a long and extremely complex MEIZCs Tn other words,

the writer suggests the possibility that some animals, after con<
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siderable experimnce on & maze, may learn that an easy method

of negotiating the msze is Lo run almost at random. Particular=-
ly in the snimal maze situation where no punishment is used,

the reward, in terms of food, is the same regardless of the
number of blinds entered. Moreover, the sctual running time
may not be greatly increased by the entrance into a half-dozen
culs-de=-sac.

Because of these considerations, two error scores were
chosen as representative measures of learning ability. These
error scores were from days 1 to 20, and from days 1 to 10.
Group IT was run but 20 days on the maze. The correlstion be-
tween these scores and the snatomical variables are presented

in Section V.



SECTION V.

The issociation Between Brain Size and Maze Abili

The preceding Section has presented the details uf’eipari-
mental procedure followed in running two groups of unselected
animals on s 22=unit elevated maze. 1t Wiil be remembered that
Group I consisted originally of 56 normal males and 55 normal
femeles. Sickmess, failure of animals to run, errors in ana-
tomical measurements, ete., reduced the number of animals to
28 femnles and 40 males, Neither of these sub-groups was large
enough for separate correlation analysis, snd sex differences
in all anatomical measurements precluded their combination into
& single group. Consequently 55 additional msles (Group II)
were run on the maze. Of this number, complete data werse ob=
tained on 48 enimanls. These animals from Group II were com~
bined with Group I males to give a total of 88 male animals.

It will be remembered that all animals were between 180 and
200 days of age when killed and dissected.

Intercorrelations were calculated between the followling
varisbles: +total errors made for 10 trials, total errors for
20 trials, body weight, length from nose to tip of tail, length
fron nose to base of tail. brain weight, width of brain, length
of brain, the index M (the product of 3 dimensions of the cere~

brum), and tibia length. These intercorrelations are presented

in Table 2.
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Before the various correlations are compared it might be
well to discuss the magnitude of a correlation which may be con-
sidered significant. A correlation whidh is greater than four
times its probable error is usually thought to be significant,
since it could occur by chance in a normal population less than
once in a hundred times. In dealing with low correlations it
is probably safer to use the probable error of a correlation of
zero rather than the probable error of the found correlation,
The probable error of a zero correlation with an N of 88 is %.071.
A ecorrelation of .284 is thus four times the probable error of a
zero r. Somewhat less stringent limits would admit of the sig-
nificance of an r 3 times its P.E. With our N, such = corre-
lation ﬁpulﬂ be .215a -

It will be seen that the correlations of maze scores with
brain weight are =-,24 and -.15, while those of maze Scores with
i are -.29 and -27. A negative r indicates a positive relation-
ship between brain size and maze ability.

Such correlations, taken slone, might lead one to suspect
that there probasbly is an asscciation between -brain size and
maze ability in an unselected populetion of rats. A number of
analogous conclusions from investigations of human beings have
been described in Section II. The correlations between certain
measurements of body size and maze ability throw considerable
doubt on the validity of such & conclusione These correlations
range from -.01 to =.24, and show & consistent tendency for body

size to be related to maze ability.



Thile it is true that the correlations between brain measure-
ments and maze scores are almost uniformly higher than the corre-
lations between measures of body size and maze scores, yet it is
quite possible that the slightly greater magnitude of the brain-
-gize correlations may have arisen by chanee. In other words,
it i3 possible that the correlations found between brain size and
maze scores may have been but a reflection of the small but con-
gsistent relationship found between general bodily development
and maze ability. This is possible particularly in view of the
relatively large magnitude of all the intercorrelations between

snatomical measures,

Summ&rz and Conclusions

Correlations between maze scores snd measures of brain size
indieate that there is probasbly 2 real association between the
verisbles. The magnitude and consistency of the correlations
between other anatomical variables and maze SCOres, together
with the relstively high intercorrelations of all anatomical
variables suggests that the correlations found might be attrib-

utable to & tendency for all desirable traits to correlate

positively.



SECTION VI.

A Comperison of Bright and Bnll Aninh and
IS 1l& ] Cﬂ my'ﬁll i ..tla ,
Brailn an Hodvy Heagure

Tt hes previocusly been noted that the bright snd dull ani-
pals were availsble for dissection at sges ranging from 90 te
850 days. Obviously snsiomics] measurements on these animsls
would be in part = function of the age at which they wers dis-
sected. The normsl animsls used were 211 between 180 and 200
days of sze. However, for the purpose of preliminary exsmine-
tion of the data, age differences were disregarded, and means
and stendard devistions for 2 number of varisbles were caleu-
lated for the entire zroups of bright, dull, amd unselected ani-
mls. Table 3 presents these dats snd the eriticsl ratios of the
d3PPerences between the brizht and dull animals. Varisbles so
trested include brain weight (B¥), ¥, length (of cerebral hemi-
spheres ), width (of cerebral hemispheres), lemgth from uose te
tip of tail (nose-to-tip), length from nose to base of tail {zese-
to-base), body weizhi, tibia lemgth, age, snd maze ScOrol. The
mmits of messurements ars grams, in the ease of the weighte; cubiec
centimeters, in the case of E; centimeters in the cass of all di-
mensions; dzvs in the case of 2285 end errors iz the case e

scores. Table 4 presents & compsrisom of bright and unselected

animals for 211 the date except age and mase SCOrese A similsr

msoﬁufdullnnﬂnﬂluﬂnllup.nndhhbh&
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With regard to the differences between brights and dulls in
anetomical variables as presented in Tebles 3, 4 and 5, it should
be noted that animals varying greatly in age are grouped together.
4 large number of studies cited by Donaldson (18) indicate that
there are marked differences in growth rates between different
organe end measurements of the skeleton of the rat. It i1s thus
conceivable thet if apge were allowed to vary indiseriminately,
differences might appear between the strains which were due to
growth factors. 1In order to preclude the possibility that such
factors might lead to spurious results in the present exp;rimnt,
the enimels have been prouped into several age ecategories.

That the bright snimsls sre far superior te the dull snimals
in maze ebility is shown by the eritical ratios of the differences
between bright and dull maze scores. This but substantiates the
oreet mass of evidence which has accumulated through the 12 filiel
generations of Tryon's experiment, to the effect that the animels
bred for brightness are far superior in maze ability te the ani-
mals bred for dullness. During subsequent snalysis of the-s.e date
we wil) censider this fact established, and will not report om the
maze scores of bright and dull animals. " prichtness” will subse~
quently be defined as descent from bright parents, and not &8 ¥e<

ferring to individual performancee.

£11 bright end dull animals were then divided into ﬂw sub-

groups on the basis of age. Those below 150 days of age Were

placed in Group P, 150-199 in Group Q» 200~-249 in Group R, 250-239

in Group §, and all animals above 300 in Group T. The rumber of
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cases in each of these Groups is shown in Table 6. The following

variables were selected for intensive comparison: brain weight,

¥, body weight, nose-to-tip, nnae-to-ba_sa and tibia. In order to
further insure the comparability of the age-groups with respect to
age, subsequent treatment of the date included a calculation of

age means and differences between bright, unseleeted and dull groups

within the same age category. lieans and standard deviations were

caleculated for each variable within each age-group. Reference to
Table 6 will indicate that, in several age—-groups, the number of
enimals is quite smell. For mathematicel or interpretative pur-
poses a standerd deviation should be considered indeterminate when
the N is less than 10. These standard deviations, however, were
to be used solely for the purpose of graphical representations of
the data, as will be seen below.

Figures 6 through 19 present the means of the seven variables
for age=groups P, Q, R, S and T. lieans for bright animals are des~-
ignated by the solid black lines, and means for dull enimals are
designated by the solid green lines. Data for males and femsles
are graphed separately. Units of measurements are grams for brain
weight, cubic centimeters for I, centimeters for body weight, nose-
tip, nose-base and tibia, and days for age. The variability of the
individual data comprising each mean 1s indiceted in terms of stand

ard deviations above and below the means, and is shown by the dotte

lines. ’Figura 14 may be taken as a case in point. It will be note

that the mean nose -to-base measurement for the dull meles of age~

group S rises to 21.5 Ches and fells to 19.8 for age—group T+ Ta®



greater magnitude of the standard deviation thus suggests that the
mean at this point is influenced considerably by sampling errors,
such as might be expected if the mean were determined by a small
number of cases. This is substantiated by the fact (Table 6)

thet but 6 individuals are included in the data represented by

the mean of 21.3.

The means from the normal groups are designated by black
dots slightly to the left of an ordinate erected at (, and the
standard deviations of these means are designated by red ﬁatl

above and below the means for the normal groups.

Examination of Figures 6-19 will reveal the following trends

of the data:
1. For most of the wvariables there is a marked tcndhney for

measurements to increase from P to Q, arﬂ s somewhat less marked
tendency for measurements to increass from C to R. This merely

indicates that growth contimmes at & noticeable rate until the

2001:!1 dﬂy ®

9. Such inerease as exists from R through T is of such minor

degree as to be almost cmapletsiy obscured by sampling errors in

the population.
3. For most vasriables the means of tha dulls of both sexes

seem to be somewhat smaller than the means of the brightse.

4, The difference between the bright and dull strains seems

to be more merked in the cases of brain weight and ¥ than in the

cases of other veriables. It should be noted, however, that Fig-

ures 6 through 19 serve but to give a graphic picture of the dif-



ferences between the two strains. Before final conclusions are
mede with regard to the differences here presented, it will be
necessary to reduce all of the variables to some comparable basis
for comparison.

5 The sharp rise in most of the curves from P to ¢ indieated
that growth was taking place at a rapid rate up to 150 days. 1In
view of the small rumber of cases in the P ecategory, these animals
were not included in further analysis of the data.

6. The age range for C animals included the age range of the
unselected animals,

7. There is a tendency for most of the curves to rise from
Q to R, but the R, S and T groups show little increase after the
animals have reached the age of 200 dayse. (¥ost of the growth
curves presented by Donaldsen (18) substantiate the findings re-

garding the rates of growth from P through T).

In view of sbove considerations, the data were treated in the
menner which is detailed in the following pages. Animals fr@ Q
eroups were compared with unselected enimals for differences be-
tween bright end unselected, and dull and gnselected animals.

The first step in this comparison consisted in the calculation of
differences and eritical ratios in the case of the several vari-
ables. The significance of the difference between bright end dull

¢ animals was not caleulated, since this type of comparison was

made for older animels. Subsequent correlational analysis will in-

dicate thet the comparison for C animals would result in findings

similar to those found with the older animals. Groups R, S and



were combined and treated as a single group. This procedure was

followed for the purpose of securing a large enough number of cases
to make subsequent calculations statistically relisble. It is
justified on the basis of small change in the growth curves be-
tween R, S and T groups, as discussed in 7 (above).

Tables 7 and 8 present a comparison of ( animals with un-
gselected colony animals, and Table 9 presents a comparison of
brizht and dull animals for age-groups R, S and T, Before these
tables are discussed in detail we may profitably examine the dis~
tributions of the data by means of another method of graphic re-
presentation, This method is designed to indicate the actual
amount of overlap between the bright and dull strains in the case
of the several variables. The frequency distribution of each vari-
able for bright and dull animals is shown by a series of histograms
for age-groups (, B, S and T, in Figures 20 through 31. As in pre-
vious figures, black represents bright animals and green represents
dull animals. As before, it will be seen that the actual over-
lapping of brights and dulls is less in the case of brain weight
and ¥ than in the case of other wariables.

Table 7 presents the means, differences and eritical ratios
(C.R. » Diff,/ Diff.) of differences between bright ¢ animsls and
unselected snimals., It will Dbe ﬁean that the bright Q animals are
significantly larger than unselected animals in brain welght, I

and body weight. 1In the case of the females in brain weight the

B-
eritical ratio of the difference 1is 2.92. The only other measur

ment in which the brights are significantly larger than the unse~
females. 1T



geems well established that the bright C animals have larger brains
and heavier bodies than the unselected animals. This should be
borne in mind in considering Table 8.

Table 8 presents means, sigmas and eritical ratios of dif-
ferences botween unselected animsls and dull ¢ enimals. Here it
will be seen that the unselected animals have significantly heav—
jer brains than the dull animals, and that this difference is re-
flected in the measurement M. ¥Vhen we consider bedy weight, how-
ever, we find that the unselected animels are as small as or smaller
than the dull animels, Other variables in which significant 4if-
ferences appear are nose~to-tip for males, nose~to-base for males,
and tidbia for males. It will be remembered, however, that bright
¢ animals did not differ sienificantly from unselected rats in the
case of these later varisbles,

Taken together, Tebles 7 and 8 indicate that brain weight is
the only variable in which bright animals are significantly and
consistently greater than unselected snimals, and in which dull
enimals are consistently and significantly smaller than normal ani-
mals.

These datae alone constitute strong evidemce for the conclusion
that brain size is the sole anstomical varisble which distinguishes,
with consistent significance, bright from normsl animals, and at
the seme time distinguishes dull from normsl animals. While it is
true that brights and dulls differ significantly in ome respect or
the other from normnls, such differemnces do not form a continuous

series of significant differences from bright through normal to



dull animals,

Table 8 presents & comparison of bright and dull animals for
the combined R, S, and T age groups. A number of significant dif-
ferences between the two streins are apparent. The magnitude of
the eritical ratios in the case of brain weight, ¥, body weight,
nose~to~-tip, and nose-to-base indicate with considerable certain-
ty that bright animals of the combined R, S, and T group are
larger than the dulls with respect to this varisble. In order
correctly to interpret the greater magnitude of the .critical
ratios in the case of brein weight it is necessary to remember
that the eritical ratio is a furfo’!:i-m of both the difference be-
tween the means and the variamce of the variables in the bright

and dull groups. The greater magnitude of the eritical ratioc in
the case of brain weight would therefore indicate that the dif-
Perence between the briszhts and dulls is greater than in the case
of the other variables, in terms of the respective variances of
the tweo strains,

In order guantitatively to compere the differences found be~
tween the bright and dull strains, use has been made of a corre~
letional method developed independently by Tryon (unpublished ms.)
end Zubin (81). This method is designed for the purpose of ob-
taining a product-moment eorrelation between & two-step variable
and a continuous varieble, In our case brightness and dullness
sre treated ss the two categories of the twe=-step varieble, snd

are correlsted with the several somatic wariablese.

Before proceeding with the details of this method we wish ©o

present our raticnale for treatment of brightness and dullness a8



a single variable, as well as the limitations entailed in this
treatment. As has been described in 'Sectir.an I, the animals com-
prising the bright and dull strains are of common origin, and
have been differentiated by a gradual process of selestive breed-
ing. The present generation is analagous to extreme cases se-

leected from the ends of & distribution. Unfortunately we have

- no anatomical data on the Fl . and preceding generations. At the
present time the bright and dull strains interbreed freely. There
is no evidence that either of the strains has eschieved its present
characteristics through some sudden rmtation. On the other hand,
maze scores for the early generations suggest that the process of
differentiation has been a gradual one. Probably then, the vari-
able "brightness and dullness" may be legitimately considered as

a continuum, despite the faet that intervening steps are absent.

On the other hand, we heve no date and cen make no assump=
tions regarding the shape of the distribution which would inter-
vene between our bright and dull groups. Consequently, the ab=
solute magnitude of correlations between The bright-dull variable
and the somstic veriables are not necessarily jdentical with the
correlations which would be found if intervening steps were pro=
sent between brightness and dullness. The correlational technique
in this case is valid for ?redictiam and is equally valid for the
purpose of comparing the several somatic varisbles with regard to
their association with the bright-dull variable. The reader should
presenting

be cantioned against interpreting such correlations as 7S

a relationship between maze ability and the somatic variables, bub
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rather as &n unique association which is the direct result of se-
leetive breeding experiments. Noreover, since the correlations
inelude only cases from the extremes of a theoretical distribu-
tion, they are doubtless much higher thaen those which would be
found if it were possible to correct for truncation of the theo-
retical distribution.

The first step in the statistical procedure employed in ob-
teining the correlation between the variable of selection (bright-
dull varieble) and the somatic —eoriable was the ealeulation of
the eomposite sigms of the sometic verisble. This sigma is iden-
tieal with that which would be found if brights and dulls were
thrown into = single distribution. The composite weighted mean
of each scmetic varisble (My) is caleulated from the mean of the
brights (M) and the mean of the dulls (M), and the respective

Ne, by the formulsa:
Ny, My * Ng Mg

v =
Ex T

iet the differerce between Hx and Mb be ealied Bb' and the

-difference between I and Mg be called Dj. From Dys Dgs By Nae

-
the variance of the brights o, , and the varience of the dullss »
we may caleulate the comnosite variance for the combined bright

and dull groups by the fommul- cigen by Yule (80) on page 1423

Ny By (e B tEa T2

where N is the total number of cases in the bright and dull

Eroups

We will now let p equal the proportion of brijghts and q
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equal the proportion of dulls. The Pearsonian r between the two-
step variable of selection and the contimuous somatic varieble,

gfter Tryon (unpublished ms.) and Zubin (81) is:

- P9
- T x (5:-5:1)

These correlintions are presented in Table 10 As has pre-

viously been indicated, the magnitude of the _z_':g_ is not to be
interpreted as representing the correletion between maze abllity
and the respective somatic variables. Nelither are the corrselations
those which would be necessarily found if imtervening stages be~
tween "brightness” and "dullness" were present. The procedure
commonly followed in determining the significance of differences
between r's involves the esleuletion of the standerd errors of
the coefficients. Since the correlations found are probably
hicher than those which might be expected if all the cases in the
theoretical distribution were present, it is not legitimate to
interpret differences hetween the ecorrelations in terms of the
standard errors of the r's and the differences betwsen theme

T+ will be noted that the correlations presented in Table 10
sre based on dats from four independent experimental groups.
Fisher (21) on page 110 has suggested tha® replication of experi=
ments is of gresat impaf’ca;::::: i n determining the coufidence which
should be pleced in & resulb. MNoreovels he _statas thgt results
are particularly dependable when the mﬂgﬂit:“de as-well ss the
direction of differences are similar in parallel experimentss

Examinatlon of Table 10 will revfsal that the highest correla~
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tiona in all four groups sre between the wvariable of selection and
brain weight. These correlations range from +.7769 to +.8399.
Hext in order of magnitude are the correlations with ¥, but in one
instance the nose-to-tip measurement correlates slightly higher
than ¥ with the variable of selection. The remaining three corre-
lations wi{:h nose~to~tip are slightly lower than the lowest M
correlation. Body weight,; nose-to~baese, and tibia length corre-
lations fellow the nose~to~tip correlations, in fairly regular
descending order., There is bul oze major irregularity in the en-
tire correlation table,~~the correlation between the variable of
seleetion end body weight in the case of RST females, Reference
to Figure 11 will show that the 26 dull females of age-groups R,
S apd T were smaller than might have been anticipated from the
size of the dull ¢ females, TIf this finding is not due to sampling
errors, it would seem probsble that some genetic factor is at work
in the femunles of the dull strain which tends to inhibit growth
after 200 dayse.

The body measurement which correlates most highly with the
varisble of selection iz the nese-to-tip length of the animals.
If these correlstions are compared with the correlations betwsen
the varisble of selection and the nose-to-base measurement, it will
be seen thet the letter are uuiformly and materielly lower. Sine®
these two skeletel measurcments are jdentical except for the in-
clusion of the tail in the nose-to-tip meassurement, it is clear

that the two strains differ to a greater extent in tail langth



=T G

than they do in body length. Unfortunately caleulations were net

made for length of tail alone.
Summary

Fhen bright and dull animals of age-group € were compared
with unselected colony animals, brain weight was found to be the
sole anatomical variable which distinguished, consistently and
gignificantly, bright from unselected animals, and a% the same
time distinguished dull from unsslscted animels. While it was
true that brizhts and dulls differed significantly in one respect
or another from unselected rats, such differences did not form a
contimions series of significant differences from bright through
unselected to dull animals.

A comparison of bright and dull animals of age-groups RST in-
dicated that the critical ratios of differences in brain weight
were of considerablv rreater magnitude than other critical ratios.
In order to exprass these findings in a fashion which could be
more reasdily interpreted, & correlational method developed inde-
pendently by Tryon (ms.) and Zubin (81) was used. "nrightness”
and "dAullness” were iuken as the two categories of a two-step
variable, and were correlated with the several somatic variablese.
The inclusion of § males aud females with BST males and females
in this analysis provided four independent but paralled experi-
mentsl groups. On the basis of the magnitude of the correlations

found and the agreement between the four groups it can be concluded
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with reasonable certainty that the difference between the bright
and dull strains is greater in the case of brain weight and its

reflection in I than in the case of any of the other variables

gonsidered.,



SECTION VII.

Interpretations

Lo lormal Colony Animals

The findings of this experiment concerning the association
between brain size and maze ability in normal colony rats indi-
cate that there is = small but consistent correlation of the or-
der of about -.25 between brain size and errors made on a large
and complex maze during the course of 10 or 20 trials. Insofer
as maze errors constitute a valid measure of maze ability this
means that the correlation between maze shility end brain size is
of the order of +.25 in & normal population.

Were brain size unique in its associastion with maze ability,
such a correlation might be of considerable theoretical interest.
Thile other anztomical measures failed to correlate as highly
~ with maze scores as did measures of brain size, yet there was a
marked tendency for all anatomical veriables to correlate with
the maze scores. Although none of the later correlations were
reliable, yet their consistency is strong evidence that the re-
lationships are real. It is quite conceivable that the greater
marnitude of the brain size correlations, as compared with body
weight or bedy length, for example, might have risen by chance.

In fact, in the case of the correlation petween body weight and

-77-
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20-day meze scores, the correlation was almost significant.

Such findings, while new in the field of animal research,
gre not particularly striking when compared with = great mass of
experimental evidence on human beings. Tn an excellent eritical
summary of this latter field, Paterson (47) has cited over two
hundred studies in which aspeets of physique are studied in re-
lation to intelligence. Neny of these studies used correlational
methods and had adequete experimental controls. The concensus of
the findings is that there is a small but relatively consistent
t;nd;nny for all measures of phyaicﬁl excellence uf size to cor-
relate with measures of mental ability. A rough aumi.nry of the

best studies would indicate that this relatioﬁshi*é is‘ af. the or-
der of from +.05 to +.10. |

An examinetion of Teble 2 will reveal a tendency for almost
all the snatomical measures used in this study to be rather highly
correlated. Conceivably, then, the correlations between brain
size and measures of maze ability might be a reflection of a Eﬂn'-
eral tendency for all desirable traits to correlste positively.
Only when further studies confirm the finding that the earrf'
lations between msze scores and brain size are larger than the

1 We
correlstions between maze scores and other measurements can_

conclude that the former relationship is greater than the latter.

B. Bright and Dull Animals

The findings in the case of bright and dull animals are more

' the
positive. Tt will be remembered that the sole differential in
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process of selective breeding was the maze ability of the animals
as determined by their maze scores. An attempt was mede, in the
ease of both atr'ains. to choose healthy and fertile animals as
parents for each succeeding generation.

As shown by the data presented in Seetion VI, this selective
process has resulted in two strains of animals which differ in a
mumber of anatomical chsracteristics. All the measures of physi~
cal si:e‘indi.cats that the bright aninmla.. as a group, are Ia:rger_
than the dull animals. The normal colony animals used =s controls
are about midwayv between the bright and dull strains, and tend to

resemble the dull somewhat more than the bright animals,

When the various anatomical cheracteristies of the two strains
are compared with respect to variability, however, much more strik-
ing differences are spparent. Thile there is considerseble over-
lapping between the three groups with respect to measurss of gross
body size, this overlapping is mmeh less apparent in the case of

measures of brain size. The bright animals have brains which are

almost uniformly larger than the normal enimals, and the brains
of the letter, in turn, are larger than those of the dull enimals.

Before we present conclusions with rogard to the experimental
findings of this study, it seems advisable to consider a number of

possible explanations of the large d3 fference between the size of

the brain of bright and dull animals. WMost of the remainder of

this section will be devoted to a presentation and evaluation of

mmber of such possibilities.

1. One possible explenation would take account of the low



but consistent correlations found between brain size and maze
ability in the cese of normal colony animals. let us assume
that there were some such relationship in the parental gemer-

ation from which both bright and dull strains were developed.
Then animals were selected from the extremes of the distribution
as parents for the bright and dull strains, they may have dif-
fered to some extent in brain size.- If differences in brain

_size were inheritable, one would expect the li'1 bright animals

to differ somewhat from Fl dulls with respeet to this trait.
One of the factors which might hevs contributed to the differ-

enge between the maze scores of Fl bright and dull animals was
possibly gross brain size. As selection on the basis of maze
ssores in the case of the two strains cot_atinuad, #hara may have
been an inereasing difference between the brain size pf bright
and dull animals in succeeding generations. Such & process
would result in the extreme differences found between the size
of the brains of the bright and dull animals in The Fll and F,,
generations.

Such an explanation would not preclude the possibility that
ri-'a\ﬂ:rl"ﬂlf-’fl' inherited anatomical traits also contribute to the bright-
ness and dullness of later generations, mit it does postulate &
causal nexus hetween brain size and maze abilitye

2. h second type of explanation would take account of the
difference between the size of the brain of the Albino and the
Norway Rat. Donsldson (18) has presented evidence that the two

varieties are of the same species, and suggests that the Albino
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rat was originally derived from mutants of the Hmy species,
sngﬂ:a compared the brains of Albine raﬁs with brains of Norway
rats with respect to gross size (67) “nd mumber of cortical cells
(68). He reported thet the brain of the lorway rat is 15 per cent
heavier than that of the Albino rat for snimals of comparable body
glze, but that the number of ecortical cells is the same for beth
gpecies, Unfortunately :ﬁhare is no data available on the relative
maze ability of Albino and Norway animals., Stone (64) reports

that the Torwav animals studied by him were so wild as to preclude
their use on the maze., Offspring of trapped enimals were equally
wilde L possible explanation of the difference found between the
brains of hriight and dull enimals reported in this study might be
that the genetic factors which determine the larger brain size in
the case of ¥orwey rats has been recovered in the course of the in-
breeding of the bright animals, and is not related directly to maze
ability. Against this hypothesis is the fact that the animels from
the dull strein have brains which are quite unifornly smaller then
the brains of unselected animals. Any explsnation of the findings

mst take secount of the small brains of the dull animale as well

es the large brains of the bright animals.

3« In attemptinc to develop atrains which are homoZygous for

traits related to maze ability, Tryon has for the past few gener~

ations consistently inbred animals of both the bright and dull

strains. It is concelvable that this tnbreeding in itself has de~

ere
veloped strsins which are homezygous for brain size. If this wer

true, the brain size differential might be independent of mMAZE



=7 =

ability, and equally unrelsted to the selective br;eding whiech has
resulted in the difference in maze ability between the two strains.

It should be pointed out that this tyﬁa of argument can also
be edvanced against all assumptlions of causality. Whenever two
events or complexes of events are éaﬂmiat-eﬁ., it is always pos-
gible thet this association is accidental, or that it is the re-
sult of other factors than those under consideration. In the pre=
sent instance, therefore, we can do no mors than attempt to esti-
mate the probability that the selective breeding of animals for
mage ability is causally related to the found differences in brain
size.

It has been repeatedly demonstrated that inbreeding does tend
to produce animals which are homozygous for many traits. Regard-
less of the numher of genes which affect brain size, it is quite
possible that animals which have been inbred for many generations
might become homozygous for many Or all of the genes affecting
brain size. If, for example, Tryon had confined himself to the
development of a bright straim of rats, any peculiarity of gemet~
je constitution in this strain might with equal validity be attrib~
uted to gelective breeding or teo 1nbruedi_ng. Fortunately, however,
animals have also been selectively bred for lack of maze abilitye.
Voreover, they have been found to differ as markedly from unse<
lected snimals ss do the snimals bred for maze ability. There is
thus evidence not only that the difference between the brights
and dulls is greater in the case of brain size then in the case

of eny other variable comsidered, but that the association found

- our
is systematically related to selective breedinge. Insofar a8
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evidence reveals, the association is not systematically relsted
to inbreeding. In view of this fact, it may be considered more
probable that the causal nexus involves selective breeding than
thet it involves inbreeding alone.
| 4, Tutritional factors constitute another possible differ-

ential which might cause the observed differences between the bright
and dull snimals. Tt is possible that dull animals have inherited
a tendency to be lethargic, which results in ingestion of less food
than normsl or bright enimals., The smaller amount of food taken by
the dulls would conceivably stunt them in all aspects of their anatem=
jcal make-up.

Two lines of evidence tend to refute this argument. Paterson
(¢7) guotes unpublished studies of R. Scammen which indicate that
even when gross malrmutrition exists to a degree which retards or
halts physical growth, the nervous system continues To grow. Hoefer
and Hardy (30) report data which indicate thet nutritional deficiency
does not reterd the intelligence of children.

The other evidence is from the studies of Andersem and Smith
(1, 2). These investigators found that diets insufficient in caloric

content had no effect on maze SCOTES, although the regimeng were 80

striet that they permanently stunted the experimental animals.

From these deta it would seem reasonable to conclude that die-

tary deficlency induced by lethargy OR the part of the dulls wonld

probably result in a more marked difference between the bright and

in
dull strains with respect to body size then with respect to bra

size. Aﬁ.has been demonstrated in Sectiom V1, the reverse holds

true in the case of the bright and dull animals.



5, From data presented in Section V it is apparent that there
ig probably 2 consistent but not significant uarrélatim between
measures of gross body size and brain size,

Tt ts gonceivable that the selective process nﬁtad.tn produce
gtrains of animals which differed essentially in gross body size
gnd_uight. The grester brain size in the case of the bright ani-
mals would thus be merely e reflection of their greater body size.

Against this argument are again the findings with regard to
the relative homogeneity of the brain and body variables. If the
gelective process had specifically tended to produce differences
in gross body size, it would seem that such differences would be

more marked than their reflections in brein size differences.

Aetually, however, it is impossible to estimate ‘bh; extent
of the effect of gross body size dif'ferences on brain size dif-
ferences from date which are now available. If the genetic de-=
terminers of body size and brain size are relatively iﬁamﬁm.
it might be possible to study this phenomenon by breeding bright
animels with dull animals, and comparing the maze scores of the
progeny with brain and body measurements. Such s study is being
uuﬁﬂucted st the present time.

6. A number of investigators have studied the relationships

between measures of ability in the rat. These investigations have

been summarized by Try;-,m (7'?,44). In the earlier study he reports

that the correlstion between scores on tWO mages of similar con®

struction but differing in pattern $81.77 1.02. Nore recentlys
Commins, VeNemar, and Stone (14

in which intercorrelations were caleulated



mages, & brightness discrimination problem, and a triple platform
problem huz.‘ The correlations between the three mazes ranged from
¥ 56 to #.66, while all other correlations -'Hera of zero order,

Suech findings tend to indicate that maze ability is a trait
which is relatively unique with respect to other measures of learn=-
ing ability, and that the latter in turn ere quite specific. If
this be true we are confrouted with two possible interpretations
with regard to the specificity of maze ability. We may infer that
all abilities, including that of maze learning, are ﬂry‘gpeﬂim_
¥inds of endowment. Neurolegically this would mean that excellence
in mage performence would be related to special qualities of ner-
vous tissue or function. Genetically it would mean that the in-
herited traits conduecive to maze superiority are of a very speecific
nature, snd not conducive to excellence in other learning functions.
Such an interpretation would lead us to question the existence of a
causal nexus between mass of brain tissue aveilable and maze ability.

There is, however, another possible interpretation of the find-
ings with regard to the léck of sssociation between maze learning
problems for the rat. Lashley (37) has recently reviewed findings
of studies of cortical localization which are pertimemt to the pre=
gent problem. All investigations ~f the localization of simple

sensory habits indicate that these habits are confined to the re=

spective sensory areas concerned, The problem box habit is con”

a
fined to the frontal (motar) and occipital gortex. Removal of

ts in
part of the occipital area results in 8 loss of visual habi

ver
proportion to the extent of the lesione The mazé habit, however,
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does not seem to be localized in any particular corticsl area.

That the oceipital area has a function in maze learning
shich is independent of vislon is shown by the experiment of
lashley (36,p.111). Blind rats were taught a maze, and portions
of the oceipital sres were removed. YMaze habits were lost roughly
in proportion teo the extent of the lesions. It should be pointed
out that in this case the ocecipital area ecould not have contributed
to the muze habit ss a visual projection area, since vision did not
play any part in original maze learning or performance., It should
be noted that this argument, insofar ss it applies to the present
experiment, involves no essumptions regerding the mechanism of the
cortex in the mege=learning function. If, for example, the cortex
operates as a complex of relatively specific sensory projection
greas, the meze habit may invelve so many of these areas that for
present purposes the whole brain may be considered as a unite

In njdﬂitim to the evidence from experiments on the effect of
destruction of corticsl areas, there is another possible explanation
of the correlations between measures of ebility in the rat, This ex~
planation is not necessarily unrelated -to the evidence presented

above. . consideration of the various problems which have been ex-

these

problems are quite dissipilar %o th

are likely to confront the rat in his normal habitab. Adeptation to

many of these situstions is not necesserily a good biological adap=

tation. The maze is perhaps unique -a.mmg the experimental situations

which have been used in the laboratorys in its similarity to the
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ural environment of the rate It is possible that the seleetive
preeding of animals for maze ability has been selective breeding
for general biological superiority. I this be true the results
would indicate that size of brain is a more impertant factor in
{ndividual differences in the rat's biological adaptability than
body size.

7« A mumber of investigators have suggested the possibility
that lesrned respounses can be transmitted te progeny by an heredi-
_ tary mechanism, . summary and evaluation of the experimental data
relavent to this theory have been made by Morgan (44a). Among the
more recent supporters of the theory have been Williem KeDougall
and T. P. Pevliov. VcDougell has found that 2 strain of animals
~ trained to make a brightness diserimimstien improved considerably
during the course of some 30 generations, This improvememt ook
plage in spite of the fact that no attempt was made to breed se-
lectively for the ability to make the discriminatiom. Pavlov
found that the progeny of miece which had bsen conditioned to a
sound were more rapidly conditioned than eontrol animals. MNorgen
states, however, that Pavlov has recently repeated his experiment
and repudisted his original eonclusione Morgan suggests that the

results of Pavlov and MeDougall, &s well as other findings which

Suggest the inheritance of aequired characteristics, are likely to

have been caused by uncontrolled factors in the experimental situ~

ations. He further states that the whele weight of genebic evi-

dence is against the Lamarckian hypethesis.

Summary

: ; 1 i-
~ 'The experimental findings presented in this dissertation ind
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gate that There is & low btut positive correlation between mase ability
and brain size in an unselected sample of colony rets. During the
gourse of an experiment on the inheritence of maze ability in the rat'.
Tryon (74) has selectively bred animals for maze ability, in the case
of the bright strain, ard for lack of maze ability, in the case of
ih dull strain. . comparison of bright and dull animals from the
gleventh and twelfth generations indicates that the most marked ana~- .
tomical difference between the two strains is in the gross size of
the brains of the animals,

In consideration of a number of possible explanations, we sug-
gest that the following is the most likely interpretation of the ex-
perimental findings:

l. In the original parental generation from which the two se=
lected streins wers developed, as well as in suceeeding filial gen-
erations, there was an associstion between brain size and maze abil-
ity.

2+ The process of selective breeding for maze ability resulted
in & simltanecous selection for brain size.

3. The difference between the maze ability of bright and dull
animals is in part s function of the difference in brain size be=
tween the animals of the two strainse. There is ne evidence regard=-
Ing the extent to which differences in maze scores between the two

strains are determined by brain size. Hethods are available, how=

ever, for approsching a solution to this probleis

: of
4. Individual differences in the acquisition and retention

ssue
& complex habit are in part a function of the mass of brain tissu

m hhlﬂ -

—— b [
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A Comparison of Bright and Dull Animals with Regard to
asurements oi the Cerehellum &

Section I1I has described in detail the measurements of the
gerebellum and eranium which were taken on bright and dull ani-
mals. An attempt was made to choose measurements which were
clearly delimited by definite anstomical landmarkds. Iength of
the eranium was measured from the center of the coronal suture
to the lambdoidal ridge, and width was taken as the greatest width
of the paired parietal baneﬁ. Length of the cerebellum was de-
fined as the length of the median vermis, and width was the great-
est width of the cerebellum after the removal of the paraﬂmeul_i.
All measurements were taken with metal dividers similar to those
used for the measurements of length and width of the cerebrum.

It will be remembéred that Series R consisted of fifty normal
ecolony animals which were used solely for the purpose of determin®
ing the reliability of mEﬂauramEﬁtl used. Coefficients of reli-
ability and their probable errors for measurements of the cere~
bellum end cranium are presented in Section III. These coeffi=
elents rameed fromh92 1.015 to +.97 +.006. The bright and dull
enimals were divided into two age=groups for comparison of the vari=
ables to be studied. These age-groups were (150-200 days) snd
R~§=T (200-350 days). Since the animals were also seperated accord=
ing to sex, there are four independent compariseons of brignt and

ons
dull animals for each varisble. Table 11 presents these emplril

-39=
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for both measurements of The eranium and cerebellum.

RESULTS

Ao Weagurements of the Cranium

e ———

The differences and critical ratios presented in Table 11 in-
dicate that bright animals have longer and wider erania thl;.n duli
gnimals, ian the case of four indepéndant groups of animals. Four
of the eight critical ratios calculated are larger than 3,00, and
all differences between the two strains are in the same direction.
When these critical ratios are compared with those presented in
Table 9 for the difference in brain weight between the bright and
dull strains, it is apparent that neither of the cranial measure=
ments serves to differentiste the bright and dull strains as well
a8 does brain weight. This suggests the possibility that the
greater size of the brains of the bright animals may be reflected

in other dimensions than those measured in this experiment.

B. Neasurements of the Cerebellum

Fhen the findings with regard to the magnitude of the differ-

ence hetween cershellar measurements of the two atrains are com~

pared with the criticsl ratios for ¥ as presented in Tehle 9, it

will be seen thet the differences, in terms of eriticel ratios,

are of magnitude comparable to those found in the case of the

£
measurement 1., T+ is thus apparent that the grester weight o

the brains of bright animals is a function of the size of cere-

bellum as well as the cerebrums
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Pigure 16, Tibia Length leang and otandard Deviat

ions for Bright and
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pleure 17. *ibia Length Means and Standard Deviations
Dull Females, Age~Groups P,Q,R,
Colony Females.

for Bright and
o and T, and Unselected

Flgure 18, Age Means and Standard Deviations for Bright and Dull

Age=Groups P,C,R,5 and T, s

Pigure 19. Age Neans and Standard Deviations for Bright and Dull Fe-
males, Age~Groups P,C,R,S and T,

Figure 20, Distribution of Brain Weight for Bright and Dull Males,
Age=Groups (Q,R,5 and T.

Figure 21. Distribution of Brain Weight for Bright and Dull Females,
AEE-GrﬂuPH Q.R'S and Te

Figure 22, Distribution of ¥ for Bright and Dull Meles, Age-Groups
QJR'S and T,

Figure 28, Distribution of M for Bright and Dull Females, Age=Groups
QsRsS and T

Figure 24, Distribution of Body Weight for Bright and Dull lMales,
Age=Groups (sR,S and T,

Figure 25, Distribution of Body Weight fer Bright and Dull Females,
Age=Groups @,R,S and T.

Figure 26, Distribution of lNose-to-Tip Length for Bright and Dull
Males, Age=Groups Q,R,S and T.

Figure 27, Distribution of Nose-to-Tip Length fer Bright and Dull
Females, Age=Groups <,R,S and T.

Figure 28, Distribution of Nose-to-Base Length fer Aright and Dull
Males, Age-Groups Q,R,S and T

Pigure 29, Distribution of NVose-to=-Base Length for Bright and Dull

Females, Aze-Groups <sRs5 and T.

Pigure 30. Distribution of Tibia Length for Bright and Dull Males,
Age=Groups Q,R,S and T.
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Table 1, Reliability Coefficients and Correl One Hundred
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Table 2, Intercorrelations Between lazeSco I and II.

iables., Eighty-eight Males from Groups



table 5. Comparison of Bripght and Dull Animsls,
table 4. Comparison of Bright and Unselected Animals,
fable 5. Comparison of Dull and Ynselected Animals,

fable 6. lumber of Bright, Dull and Unselected Animals Included
in Age Groups.
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fable 8, Comparison of Unselected Animels with Dull Q Animsls,
Table 9. Comparison of Bright and Dull Animals, Age Groups R,8,T.

feble 10, Correlations between Variable of Selection and Somatic
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Table 11. Compearison of Bright and Dull Animals with Regard te
Veasurements of the Cranium and Cerebellum.
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Figure 1, Dorsal Aspect of the Rat Brain, with
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Figure 5. Rotating Food Table.
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TABLE 1

Raliability Coaefficients and ﬁﬂralatlm between Maze Scores o!' Un-

#0dd-even Reliability, 10 days. - 1,88 1021 |
#0dd=even Rellability, 20 days. 1,93 1,009
¥0dd=even Reliability, 40 days. | 198 +.005
Erf-nra 10 days x Errors 20 days. .63 T.041
Errors 20 days x Errors to First
Zero. (nmid) t.60 1,066
Errors to first Zere x Number of Days
to First Zero. (n=44) 198 1,014
Errors 10 days x Errors 40 days. +.70 +,054 |
" Errors 20 days x Errors 40 days. 1,82 *,022

*Corrected by Spearman-Brown formula for doubling the length
of a teste.



TABLE 2

Intercorrelations Between
: Maze Scores and Anatemical Variables.

1 .93
Errors: 20 Days 1,009

2 1,68 1,83
Errors: 10 Davs 1,041 +.,021

S 24k =,18
Body Veight +.0688 4,070

4 -.19 --19 +167 +19‘
Hose=to~Tip

Length +069 1,069 1,040 4008

5} '120 ""-17 +-?2 f-ﬂz "'-90
Nose~to-Base

length +.069 070 1035 %001 5014
6 - '-24 ""'-15 7‘-*5 “.40 f-49+

Brain Veight 1,068 1,070 %059 %060 %0565

7 -.19 =-.16 .38 %35 1,32 %64
Brain Width +,069 %HOT0 1,062 %063 L0685 1042
8 — 07 +#03 428 7.52 T.40 7.49 .29

Brain Iength 4,072 2,072 £.068 £0553 £,060 %065 1068

'129 --27 +;32 +-24 f’-27 f-?ﬂ 4;54 166

9
L 4.066 %067 %065 %068 %068 £.030 4061 %049

- - 4,81 1,78 %41 136 %29 t24 +.92
~ Jo -80S 068 +.066 5068 011

Tibia Length  2.071 2,072 #0847 2025 3028 1,060 %



Comparison of Bright and Dull Animsls

Dright Animals Dull Animals
Genera-
Var. tion MM
Brain Weight |
Y] ' 39 1791 L0901 30 1.555 .02 .23 10.48
Py A 35 1,752 .92 38 1,651 .01  .221 11.05
iz Fro D ga 1972 008 68 1.541 L0835  .231  15.50
¥.. ¢ 30 1.731 066 25 1,510 LO7T7 .221 11.51
Fas 2 29 1.656 JOT4 27 1.471 076 185  9.02
Py ¥ 9 59 1.694 LO7T9 52 1,490 079 204 13.69
¥
Py D 39 2.430 148 30 2.041 L187 389  9.36
D s 2.381 180 38 2,098 .14  .283 7.97
¥y Pro A gn 2,407 166 68 2.078 170 334 14,15
Fiq ¢ 30 2,378 .133 25 2,068 135 .312  B8.84
P, 9 29 2.270 115 27 2.053 .095 .217  7.86
B o 59 2.325 .136 62 2,089 .17 266 11.04
ILength of Brain
Fiq 7 =0 1.612 .05 30 1.570 .078 042 2.76
Fiu 7 35  31.59% .052 38 1.676 .057 .017  1.58
Pyq Fao D oa  1.605 044 68 1.573 L067 030  3.19
F. o 30 1.588 .081 25 1.560 042 028 2,06
Yo 2 29 1,574 046 27 1.552 .04l ..@%2 1.83
11 P12 oG9 1581 .06 B2 1886 082 OB 2.72

TABLE 3




TABLE 3 Contd.

o

Bright Animals Dull Animals
Tlr.g':?z;n Sex N Nean O ¥ Neen g~ Diff: Ok
Width of Brain
F1q ' 39 1,675 .116 30 1,565 <057 108  4.91
P, P 355 1.679 076 38 1.580 000 099 500
%y 7,0 A 72 1,680 092 68 1.573 <046  L107 8.56
i1 Z2 30 1.668 036 25 1,657 L0842 11 1047
s £29 1.638 03¢ 27 1.554 088  .084 9.13
Fia Fi2 259 1.654 L0655 52 1,550 059 <098 10,89
Body Weight
Pyy 7 30 293.67 44,79 30 251.50 40.39 42.17  4.12
F.o 2 35 269.49 58.40 38 223,68 35.64 45.81 4.02
Fiq Fos A 72 282.2% 53.08 68 236.96 40.22 46.27 5.92
F o 30 238.20 33.87 25 182,16 21.02 56,04 . 780
ri: | ¢ 29 210.83 41,54 27 172,19 30.28 38.64 4.01
F., F ¢ B9 224,75 40,11 52 176.98 26.72 4777 7446
11 “12
Nose~to-tip Length £
Fiq 2 7 43.08 1.679 350 39,96 1.862 2121 &
F 2 =4 40,947 2.677 37 38.786 1.640 2,161 %.os
wii Py, A 91 41,538 2.85 67 89.312 1,829 2,226 5.:
F ¢ 30 39.66 1.902 25 6.572 2.000 3.288 O
Fll ¢ 20 38.679 2.209 27 wp.248 1.475 243351 4468
Flz : 259 39.129 5 von B2 56,508 1.789 2,821  9.27



= e

TABLE 3 Contd.

B right Animals Dull Animals
!‘I_Eu Score
. d 39 32.59 16.49 28 135.0t - 20402 .102.45 -17.52
' . Z 2¢  35.615 32.74 16 137.90 29.92 -101.58 10.51
PR, J 55  33.80 24.57 44 135,82 28.75 -102.02 19463
r, 2 31 36,194 18.80 25 147.160 20.71 =110,87 ~18.72

ra
M

?12 F20375 33,27 14 123,710 350.81 71.34 6,68

)
Fi1 P12 2

n
N

43,255 27.37 39 138.74 27.22 =94.49 =16,.72



TABLE 4

Comparison eof Bri;g_ht and Unselected Animsals

Bright Animals Unseleeted Animals
Qenera~- -
Var. tion Sex N Mean g N Wean o Dife.
Brain Ve r:;
g 7 74 1,772 095 88  1.655 084 L 117
P, "o P B9 1,694 079 38 1.615 081  .O79
¥
Fll Flﬂ 3' TA 2 407 <116 &8 2e154 « 147 e DD
. o 2 59 2.%328 136 38 2.161 .0%6 154
il 12
Iang:tLuf Brain
F._F D oa  1.603 L0484 82 1,561 052  .042
O (i -
Fll Fi2 2 59 1.581 053 38 1,531 059 .060
Width of Brein
Fyq Fo 7 74 1.680 4092 88  1.602  .047  LO78
y.. F @ 59 1.65¢ L060 38 1,606 <045 <048
: e URR |
Body "“elght *
PoT, 270 282.25 63,08 88 229.13 28.48 53,10
11
163,79 18,84 60.96

¢ 59 224,75 40,11 38

CoRe

8.24

4.82

11.90

2.50

5.38
5043

6445
4,55

775
9.07



Cenera=

?lr o t iﬂfl.

- =

Nose-to~2ip Length

Fi1 F1o
F11Fy0

TABLE 4 Contd.

_2-

Bright Animals

Unselected Animals

Nose~to=igse Lengzh

Tibia Length

F

F

11 12

11 F]-E

Sex N Meamn G N  lMean 7 Diff. C.R.

d' 71 41,538 2.85 85 40768 1.752 770  1.99
@ B9 39,120 2.12 37 36.454 1,292 2,675  7.67
A 71 20,508 1.16 85 20511 46  =.006  =<034
2 59 19.664 .95 37 18,914 563  J750  4.84
D ea  3.763 244 63  3.840 159 =077  =2.04
g 41 3,557 19952  B.50 .18 008

0198



Genera-~

er o t i;_'[l,f]‘,_

TABLE §

e e

Comparison of Dull and Unselected Animals

___“—u‘__m-‘_——
Unselected Animals
e —— i S R

Sex

Brain Weight

F11 Fyo

F11 Fio

-

F

11 F12

1 e

7
7

Q

I.enEEh of “rain

Fll F;g

11 F12

Width of Bfain

P11 Fiz

F].l Flg

Fll Flz

1 12

Hose-to-Tip Lemgth

13 T2

F.. F
b & S -

A

9

A
g

A
7

)
F

N

88

58

8%

o0

88

58

B
L

58

1.650

1.615

24164

24161

1,561

1,531

1.600

1.606

___'__——‘Hu——a-lll—-——i__“___ﬂ_ TS Mffﬁ

084
«081

<147
«04E

«052

=059

o045

E§8 220,13 28,48

38 163.79 18.84

Dull Animals

: o= b caR.
68 1.541 L0835 L1090  8.07
68 2.073 L15¢ 4081  3.26
68 1575 <067 =.012 =142

B2 1.556 042 =025 =294
68 1.B73 046 027 3446
B2 1,566 039 «050 5475
68 235,96 40422 6,83 =1,19
52 176,98 26472 =13.19 -274
87 $9.51 1.85 1,46 4,98
52 B36.31 1.79 .14 045



Unselected Animal
Genera=- —_— M
Var. tion sex N lean = o | Yean

Nose-to-Base Length
P11 Fip 7

FP.Fp, £ 3

Tibia Lengh

Fi1 Fyo ? 63

nh g ®

D

m

20,51

18,91

35.840
U549

«46

+56

« 159
» 148

67

51
46

19.78
18.66

34680
3+445

g Diff

1.10

78

0142
o174

o715
25

«160
0104

5.24

1.80

9063
2.82



TABLE 6

Number of Bright, Dull and Unselected Animals
Included in AE &'c_n_gg

4 ?

Unselected Animals 88 Unselected Animals 38
Age Group Bright? pull 7 Age Group Bright 7 Dulle
P 10 21 P 6 10
Q 38 20 Q 21 16
R 23 10 R 24 7
S 4 6 S 5 14
T 8 11 T 5 5

Total - T4 68 69 52



TABLE 7

Comparison of Unselected Animals with Bright Q Animals
%

Bright Animals  Unselectad Animals

Sex N = Mean N g Mean Diff. C.R.

Brain Weight

A\ 38 .10 197 88 084 1.65 Jd2  8.00
¢ 21 L090 1.68 38 .081 1.61 O7  2.92

¥
I 38 150 2.45 88 143 2.15 .28 9.75
g 21 .160 231 38 46 2.16 15  3.57
Body Weight
A 58 39.99 280.3 88 28,48 229.1 Bl. 2 T.14
2 21 33.88 208.3 38 18.87 163.8. 41.5 5.18
Hua-tu-ﬂ.g LunEh

A 37 1.59 41.7 86 1.5 40.77 .93 2.87
¢ 21 1.90 38,46 37 1.67 36.45 2.0l 4,04

Nose~to=Base Length
2 g7 .80 20.50 85 o468 20.51 =01 =07

o 21 .75 19.21 37 .66 1891 .30 1.60

Tibia Length
A 20 .36 578 63 .16 3.84 =.06 - .60

156 .16 3460 S8 =10 5.565 0 0



TABLE 8

Comparison of Unselected Animsls with Dull Q Animals
———l———l—__“_-_'__'_-“_—______-_

Unselected Animals

Sex N

Brain Weight

ca 88
o8
¥

3” 38
2 38

Body Veight
7 s
2 38

Nose~to-Tip Length

4 85

o 37
Lot

AT

2 ST
Tibia

AN

r

084

+081

«143

0146

28,48

18.87

1,75

1.67

+46

«16

o15

Mean

1.65
1.61

241D

2,18

229.1

163.8

40.77

S56+456

20.51

18,91

3.84

5+656

Dull Animals

N

20
16

16

o~ Mean Dire. cC.R.

-__-_'"_-___—H-——--—_——_—____—__—_

-079 1,51 014
.m 1 l43 '1‘5

110 2.08 .07
.m 2 -03 '03

20 45.84 227.5 1.6

16 18,67 177.2 =13 .4

16

19

16

16

1.47 38.94 1.83

89 36.53  =.08

-75 19 .59 .92

-47 13 '57 '34

J4 3.62 22
.M 5'24 " 31

7.07

6.07

2.42

2.54

«150
-2 1‘1

4,73

""22

b.14

2.28

5.37

1.46



TABLE 9

R e —

Comparison of Bright and Dull Animels
= oups K, oS,

Bright Animals

Sex

Brain Weight

J!
2

| =2

Body Weight
4

g
Nose=to~Tip Length
A
L2

Hose-to=Base Length

7
¢
Tibia LB“EEh
4\
£
Age
2

N

26

32

26

32

26

32

24

32

24

32

22

20

| nﬁﬁ.ﬂ mff c 'R
- =

-084

«059

0183

0122

41.95

28,00

1.20

1.46

o187

++636

«240

«166

58 .46
56 .20

1.81
1.72

2.428
2 +340

315.4

247.7

42,98

40,16

21,28

20.18

3.84

3«64

Dull Animsls

H

r

Hean

262.8
25002

27 080 1.68 25 10.31
286 JOT3 1.51 21 11.88
a7 207 2.079 « 049 6.51
26 208 2010 270 7.86
27 B4.45 2683.0 B2.4 3,93
26 19,90 185.9 61.8 9.81
27 1.70 40.,44 2,54 6.22
26 2,07 3I6.6C I.66 7.61
29 1,109 20.44 -84 3.15
26 804 18,93 1.26 6.48
22 Jd22 3,76 .08 1,39
21 183 3.49 «15 2.68
22 57.435 281.2 =18.4  -1. 16
26 40.44 271.5 «20.6 -1.62



TABLE 10

Correlations between Varisble of Seleetion and oomatie Variables,

Age

Zor L 7ates, G Fomales, RST Weles and RST Females

Q Animals
Brain Veight T 7769 . 7834
M +.7707 6523
Hose=~to-Tip Length 16406 t 5193
‘Nose-to=Base Length +.4820 1.4418
Tibia length + .2527 t 3273
Body Weight +.4858 - ++4405
Age t ,2971 12372

| RST Animals
Brain Veight 1 .,8214 t .8399
¥ t 6662 + 7277
Nose=to=Tip Length t «6501 t 7174
N ose~to-Base Length t ,4532 1 .6554
Tibis Length t .1836 144953
Body Welght 14755 #u¥ons
~,1668 +2017



rison of Bright and Pull Animals with Repard te

Bright Animals Dull Animals -

var, gE:r;p fex N Mean N __Hean Diffs CeRe

Cranium

Length 2 .
Q 35 ,052 14479 19 JOB7 14408 (076 5435
RST D 24 ,060 1,494 23 066 14437 (067 3410
Q ¢ 19 ,056 1,395 16 070 1,369 . 4026 1420
RST ¢ 52 048 14426 24 (077 1,394  L082 179

Cranium

il Q N 35 .06 1,126 19 ,032 1,086  .039 5.64
RST N 24 065 1.125 25 4048 1,098 44026 1467
Q ¢ 19 .085 1,128 16 «043 14095 4035 1467
RST ¢ B2 087 1,127 23 081 1.091 (036 5.36

Cerebellum

s Q 2 38 (058 <7940 20 (068 7200 0740 4463
RST D 2g 0855 L7777 27 (045 7466 (0321 2,31
Q ¢ 21 4032 .7886 16 .086 7000 L0886 7477
RST ¢ 51 4086 JT7T19 26 (06 7142  JOBTT 2491

Cerebellum

T Q 1 ZB 028 1,267 20 061 1,177 080 7438
RET 2 5e (086 1,270 27 034 1,195 076  6.82
Q g 21 ,042 1,264 16 087 1.170 078 5495
RST ¢ 82 (081 1,266 20 4083 1,174 <082 9465



