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PREFACE
a , ‘. .
The, present study is one of several including two previous ones {Elating
‘to high school backgrounds, based upon thé Doctorate Records File of the Office
of Scientific Pe;sonnel. This exten51ve data bank has been the starting-point
for studies of current doctorate production, of the baccalaureate origins of
doctorate-holders, of the career patterns of doetorate -~holders Of various peri-
ods, Ot‘prClallzcd groups of inﬂiv1duals d';awn from the file, and of plans for
B Rost ~doctoral empioyment of those cu%rently graduating., An acknowledgement 1s
-‘;hereipre in order with respect to thexbasic data bank upon whith all of these

stpdies have been based. » . )

Ihe Doctorate Records File began about 1946 with support from the C arnegie'
TCorporation and the Office of Naval Research, and included science doctorates
of the period 1936-1945, It has since been extended, with support from the
Nationat éc1ence Foundation, the Ford Foundation, and the Office of Education,
to include all holders of third-level research degrees in all fields from all
United States universities from 1920 to the present time. Frow a beglnning in
1946 wi;h fewer than 10,000 entries, it has grown to over 200,000. For each
-person listed, all earned degree§ are noted, with their dates 2bd the institu- l
,tions granting fhem. The field of doctorate is also noted for all caSps, and '
field of baccalanreate and master's degreces for some of them. For the gradu-
ates of 1957 and subsequent years, a great deal of additional information has
been 1ncluded by means of a questionnaire completed by each doctoral graduate
JUSt before or at the time oOf graduaLion.‘ We are greatly indebted 'to tbe
dqctorate hoLders themselves for providing this information, and to the deans
of the. graduate schools who have diligently collected the questionnaires and
"foFWarded them to the 0ffi¢e of Scientific Personnel for subsequent processing.
_Ohe'of.the items included from 1957 to the present time has been the high school
of origin of ‘éach doctorate-holder. The two previous studies Of high school
. béckgrounds, supperted by the Natidnal Institutes of Health and the National
Science Foundation., included tbhe graduates of 1957 and 1958. The presernt one,
éUpporEed by the National Science Foundation, is much more massive in ifs coyv=
erage:A and includes the doctoral graduates of the four years 1959 chro%ﬁh kﬁg2

N >

1nclu51v0

For each of the graduates of the 1959-1967 period who named a United States

. high school as providing his secondary education, a questionralre was prepared




and gent- to that high school. These questionnaires provided thé school with
inf tion about the post high bchool &ducation of their alumni who had at-

tajhed doctorate deérees over the period concerned.
Each school was asked in return to complete a questionnajre regarding each’
of its doctorate-alumni, and also regarding a specified clagsmate of each doc-
torate-holder, This study could never have been accomplisﬁed except for the
generous aﬁd ﬁnétinting help given by the high:8school staffs in furnishing this
information, We are therefore Most particularly and difectly.indebted to the
nation's high ichools for providing the basic 1nformatioﬁ‘}ncluded in this re-

‘port, and are pleased to acknowledge this debt.

I am a1s6 ingebted to Dr. John A. Creager for the statistical WOrk iﬁ-.

volved in the multiple discriminant analysis reported in this study. ﬁany o

others have contributed untold hours to data colleetion, ceding and checking,

_and tomputer programming and operation. "TqQ all of these, who have provided“ )
the basic information upon which the study'is based, I am also indebted. - For

. any deficiencies in concept or exécutiom, and for all interpretations of the

" results, I must bear responsibility. It‘is my hope that this study may en-
‘hance the interest which has been growing in recent years in the earlier edu-
cation of the nation's most highly-trained ménpdher, and: that it may lead on
to further studies ip greater depth and scope. Eventually, we may hope; an
integrated ﬁicture mLy be obtained. of the educational process and bf its inter-s

'

relations with the various other aspects of a many-dimensioned society.

indsey R. Harmon
Director of Resgarch .
August 1965 ; Office of Scientific Personnel
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° In Brief.?. . :

During’tte four-year pet{bd 12;9-1962, 42,105 ﬁeh,aﬁgfoomeo eernad doctorate
degrees at'U.S, universities, '0Of this numbet 35,190 had'graduated from 10,000,
identifiable U.S."high schoo]t, out of 25,000 high qchools in the Unit Stéres "
at the time, Questionnaires were, sent to these schools and—7458 schools replied
‘returrving completed questionnalres on 23,980 :TD‘S, most. of them with data a%bo
on rando ly-selected classmates, . From these rfeturned caseg, a representative
somple f all U.S. doctorate-holders was chosen on the basis of regional distri-

bution, type of school, and size of graduating class. ThlS analysis sample of

20, 440 doctorate-holders constitutes.the basic group used in the present study

- -3

1 !
The questionnaire provideo data on grades, rank in‘graduating class, and
mental test scores. The grades were summarized into four grade-point averages
(Gﬁk's), one eadh for English and foreign languages, social studies, mathematics,
and sciencé. Through the use of data on a representatiée sample of the class-
métes of PhD)s, the four GPA's, class rank, and test score dapa were converted
to uniformly scaled standard scores, Data oa the PhD's‘(and their classmates)
were compared by §eé, b§ type of school, by size of graduating class, and by
region of the country., Results are shown in a séries of tables and graphic
illustrations. The PhD's were alsoitoopared by yeer of doctotate and by fjield.
of specialization. A multivariate discriminant analysis was Yper formed to de-
termine how extensively the eventual doctorate-holgers-wefﬁ differentiated at

, the high.sohool level in terms of grades, course‘choLpes, and test soores; A
number of conclusions from these researches are briefly stated at the end of’
the report, with oage references to the f\xt of the report where more extensive

4

treatment of the question is to be found.




e . CHAPTER L: REVIEW AND PREVIEW ' /
¢ ...1958 etudy highlights_

' The .study of the high school backgrounds of the 1958 doctorate-holders
develoyed x number of important facts. The mean general ability level in
tegms of high school test scores, wae found to be about 1.5 Htandard\QQVia-
’tions above the mhean ol the-general populaLion equivalent to an AGCT score
of about 131 The’ doctorate-holders were, on the average, about one sLandard
deviation above their classmates in yencrql high school achtevemcnt, but there
was no measure of the abllity level of these classmates. There wer~ marked
field diffcreéces ln‘ablllty.us measured at the high school lcvel by tost
.§cores; by rauk in class"or Ly math-science grade point average. Marked
'geographic~diffcrences ‘showed up in the relative frequency of doctorate at-
tainment, and thesc differences wers sumewbat related to field of eventual
doctorate. Size of htgh school gtaduatlng class was found to be strongly re-
lated to the’ probablllty of eventual doctorate attainment, classes ‘of fewer
" than 100 being beLow-average in docforate—attalnment rate and classes of over
100 being above avexage, bu with a decreasing advantage as class size passed
200, Very‘high.productivif§ of the Ldt?euL classes was found to be related
' not to size per se, but the‘tact that some of the largest scgools, chiefly in
o New York City, were also selective ‘on sex and on measured ability. Oune in-
teresting'faet fhtlng htgh school environment: to productivity was also dis-
‘covered: :on a state-by- btdLL basis, and ignoring individual school ‘variations
within states, there is 4 positive relation between school retenmtion rate
through’ the 12th grade and eventual doctorate atthainment rate. That is, those

-

' states with the fewest drop—outs were also the states which sent the highest
proportlon of their high school graduates on to the doctorate., High school )
graduation did not, therefore, act as an ability screen, but rather the re-

P verse: the coarser the screen, the finer the results. Finally, it was found
that the patterns of ability, . of courses taken and avoided, and of math and

- gcience achievement; were suf ficiently different for people in the five gern-
eral fields of doctorate (phy51cal sciences, bio-sciences, social sciences,
arts, and education) that it was possible to sort about 407 of them into’their
eventual doctorate fields sulaly on the basis of the high school background in-

formation: Chance alone would have permitted a 207, success in predicting eéven-

tual field, so this info;mation represented signi.ficant gain, showing in
! .
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-quantitative fashion that "as the«twig is bent, so the tree 18 inclimed." R
left open, of course, what caused the twig to be bent. ]

J
4

v ' .;.ne;\Ftody: aims and limits
a | |

\\Theoe results, important as they might be, left as many questions as they
answered.’ The prcscot study, through,the gathering of more gxtensivé'informa-
tion and the;;ofinement of experimental design, seeks' to answer some of these.
Ihe'questions which will be éxamined 1; the present report have to do with the
capabilities and achievements of the doctorate-holders and their classmates.
In the course of data collection for this study, additional information was
gathered relating to the high schools themselves, which should permit in the
future a more searching examinaoion of the conditions in the high schools which
are reléted to doctorate production, and perhaps to eventual field of doctoraté.
Only a brief look at these factors will be possible, however, within jﬁe iimits
’ofiﬁhe current study. . T

.

.

Some of rthe questions arising, from the study of the 1958 doctorate-holders,
and from other sources,‘are spelled out in the paragraphopthat follow. . The gen:
eral outline of the current study, its problems and methodologies, will then be
descrtbed; and following that, the more detailed description of results, and
fidal conclusions. .

» . y

-
; ... the ability pooi:\.dropping? 3
The output of doctorates by United States universities has climbed pre-
cipitously in recent years, from'about 9350 in 1959 to 13,500 in 1963--an in- )
crease of 44% in four years. This has raised the question of where the talent
can oomé from, if such a rate of increase is Eo be maintained. Must ability
drop as numbers increase? The 1958 study had shown that of the. students in
the upper 2.5% of the ability spectrum (+2g from the mean), only about one in '
20 attains the doctorate.’ This would of course alfow for a great inc;ease in

numbers without quality dilutjon. But what in fact-had.happened over the four-

"7 year period 1959-1962? Was the proportion of people in this ability range who

attain the doctorate increasihg or decreasing? Was the average ability level

changing? Tbe present study should provide some’answega.

A -
Y
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A

.. £leld patterns?

Patterns of sbility at the high achool level had shown a relation to even-
tual doctorate- field. With more extensive data, particularly’in the fields of .
languagesg and soclal studics, could the differentiation of the five general doc~
torate flelds be lncreased? Were there important sef/sifferences In these -abil~

ity patterns?

..what of peers? :":i
The'1958 study showed how superior the doctorate-holders were to their '
.classmates, but did not tell -about the abfTity“df these clagsmates. Couid the
"new study provide some information on this score, and thus gidé a sounder basis
for statements about the doctorate-holdergk And jusé Qhat, if any, were the _
differences between the classmates of people who eventually attained dogtorates

in different fields? -

...double harness, help or handicap?

.

"The 1958 study had shown sex differenses in ability'of doétorhte-holders,'
with field held constant. Would these be conf#rmed? ‘And what differences
might be relatéd to other characteristics, such as marital status at the‘timeA E
of the doctorate? -Could ability patterns correlated with these factors fdrnish
clueg to a generslized statement of the relationship of aptitudes, opportusities,

.

and eventual doctorate attainment?
...data mass up.800%

*Satisfactory answers to all these queshions‘required a much more massive
undertaking than‘%hat involving the 1958 doctorstg~holders. For one thing, a
series of doctorate years was necessary in order to study time tresds.’ It was
also necessary to cokiect qualitatively different data, including grades earned
r1n English foreign f&ngﬁsgés, and social studies, rather than in math andlssience
only, in’ order to get a broad- gauge picture of the whole achievement spectrum.

It was also necessary to gather'data somehow regarding the classmates of the
doctorate- holdeﬁs, if there was te»sf any evaluation of their significance.

3

These consideratlons led to the general deslgn of the present study, which is

Ry

sketched below, 5"f§ , »
[ A 1&' S e
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! ‘ - o .,.H. S}foriginst two schgols in five.

‘By the fall of 1963 there were available the/dpctorate graduates of the
four years following the~l958 group, which had been pteviously studied. This'
would provide' a sufficiently massive base for both time trends and investiga-
tion of the relatively small fields which could not be reliably examined on
one. year s output alone. Altogether'in the four- yea! period 1959-1962 there °
were 42, 105 people who received doctorate degrees from United States universi—’
ties. About one out of seven of these had had his secondary education outside
the United States, however, leaving about 36,000 from United States high'schools..
Not all of these high schools could be identified, but tentative identification‘
was made of almost exactly 10,000 high schools which were the origin of 35,190
doctorate—holders from this four-year period * (There were in additien about

15,000 U.S. high schools who had no alumni among the doctbrate-holders of this
period.)  « i ‘ S : - ‘o

To each of these 10,000 high schools it was decided to send questionnaires
regarding its alumni among “the 1959-62 doctorates. This would. provide the base:
data' for the study. To furnish classmate data for comparative purposes and to
provide a normative frame against which to medsure the doctoraté=holders, it
was declded to ask the schoolw to furnish’ tramscript data and test scores also
for a classmate for each doctorate-holder. To insure that’, as nearly as possible,
such classmates would form a representativefgrouﬁ, and also to keep the task
(already enormous for the schools) to a minimum, the decision was made to ask

for data regarding the classmate alghabetically next after the doctorate-holder.‘

In most schools data on alumni. are filed alphabetically, either by year or in

a single alpha file for all graduation years.

A -

..."You are to be congratulated..."

)As partial compensation to the schools for the effort\we were asking of them,
it was decided to furnish to each school as much information about its gr;duates
as possible, and to provide comparatlve data also, by which the school might
assess its standing among other schools in the state, and, in the case of the
leading schools, in the United States as a whole. Accordingly, each school was
glven a roster of all its doctorate alumni in our records, for.1957 and 1958, as

‘well as 1959-62. The number of such doctorate alumni was compared w1th the
’

’
el
<
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corneSponding numbers from all the other schools in the state, and: the_school'
rank order given. There was in this information no indlcation of relative rate-

of productivity; that is, the size or nature of the school was not taken into

accouot. It was felt that each school mlght best ‘account for such factors for
itself in relation to the other schools in the area. In addition to this, each
c1ty school superintendent was sent a list of all the schools in his city that

. wére included in our study, with a tally of the number of doctorate alumni from
each, and the schools' rank orders within the state and within the U S. where
appropriate. It was found that the schools, and frequently the local newspapers

- were very interested in this information. - S -
. . o .

The questionnaires sent out to theé schools with- their doctotate alumni ros-
ter and other information were pre-printed forms upon which the hame of the
doctorate-holder, his high school name and date of graduation, and fields, years,
and institutions of baccalaureate and doctorate degrees, were printed out by
computer. Each questionnaire form as¥ed for grades in all oourses taken, and
also for test scores and rank in graduating class. Additional information Was
sought on the/susstionnaire, and where appropriate from the city school super-
‘intendent, regarding the school itself and the community which it served. This

information, not included in the present study, is available for later examina-

2

tion in order to answer questions about the school counditions related to doctorat

~

productivity.
...three go out; two come back.

peo 7 " In all, the,response rate to this questionnaire study was very satisfactory,
although not up to the level experienced in the study of the 1958 doctorates. 1n
that study, a 91% vespouse vate was attained. In the curvent study, the response
rate dropped to 638%, largely because the very volume of information requested was
beyond the capacity of some of the schools to supply. \This was particularly

true of some of the laréest and most productive schools. The ménncr of compen-
sating for less than 1007 response rate is described a little later in this re-
port. Suftice it to say here that it was found possible to draw from the 687

of cases-apon whom information was furnished by the 7458 responding schools,
sufficient data to make a report without apparent bias due to the failure of

complete response. .

0,
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CHAPTER II: METHODOLOGICAL CONSIDERATIONS

To permit an advance over the study of the 1958 doctorate-holders, it}

was planned to set up a more rigid frame of reference for the current study,
‘tied more closely to general parameters derived from the base’ doctorate popula-
tion and from the general population. Two procedures were employed to this end.
The first involved selection from toe questionnaire returnees of a sample that
would beumore representativé of the base population than was the raw total of
all returnees.’ The second procedure involVed oetting up a normative base de-

rived from the classmates of the doctorate-holders and from a measurement of

the extent of the deviation of this classmate group from the general population.
.to check on bias

Whatever the return rate, whether above 90% as in the 1958 study or below
70% as in the current study, it could nof be assumed that the returns were
equally representative of all sections of the whole doctorate population. A
high response rate, as'in the earlier study, reduces the area of possible bias,
but does not eliminate it. A response rate of 68% strongly suggesfs the ad-
visability of a careful check of response bias. 4
.no "shrinking violets" here

\
N

Ooe fortunate fact in a study such as tﬁ?% one is that the response is from
sEhools, not individuals. Individual characteristics are therefore not reflected
directly in the response rate, as is freqoently the case. We are free of the
bias which results because a given individual does not feel that his own results
count, a bias that in other studies tends to selectively diminish return rates
from the less successful, or those who consider themselves less successful.,
School policy variations, or variations in the resources needed by the schools
in order for them to prepare, the returns, tend to affect re5ults seriously It
is therefore necessary to set up criteria which would reflect =chool character-
istics but ignore individual characteristics, in order to trim out from the raw
returns a sample that would be reasonably representative of the whole doctorate

population.

<

.planing off the bumps

The method of sample-trimming used was as follows: a three-dimensional

table was set up on the basis of the school characteristics of that portion of

1% ‘
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the whole 1959-1962 doctorate population which came from United States high

schools. The 'three dimensiouns of the table were gevgraphic region, type of

*high school, and graduating class size, all parameters available from the ori-

ginal Doctorate Survey. There are nine geographic regions, three school types
(public, .denominational, independeant) and eight class-size categories. These

three dimensions yielded a2 table with 216 cells (9 x 8 x 3 = 21€). The Pyo-~

portion of the whole doctorate population in each of these 216 cells wgs dq”
terminéd, and formed the bhasis for elimiration of cases in cellis with disproL
portionately-high\feturn rates. It was estimated that if no ceil had more than
60% of the number i the base population for thatr cell, the resulting total ac-
cumulation from all ceils would be reasonably representative; few cells would be
seriously Under-repreéented’and the anélysis sample would\still be large enough
for reliable results. Accord}ngly, "excess'" cases beyond this 6% quota were
eliminated by a randum process from cach cell. The necessary random numbers.
were determined by reading irn reverse order the middle four digits of a six-
digit alpha-serial number, This process could not, of'COurse,'build up numbers-
in the "deficient" cells, but it could reduce the numtber éf'cells with signifi—
cant deficiencies. As it turned out, the analysis samplé was reduced by thié
process from 23,980 cases to 20,440, and only 51 cells out of the 216 were de-

ficient, by a total of 230 cases—--less tnaa cue tenth of one percent.

...a minimax solution

The deficient celis tuended to be concentraved in the schools of smallest ™
class size, but were nov ilimited to ghis group. The solution found by this
step was near-optima!, in that furtber piruning to elimivate other deficiencies
would cut down too far on the tocal puwaber of cases remaining for analysis,
Although the total nuaber cr 20,440 is very large, in somc of the fisid breal-
outs, or for combination break-outy of vevious sorts, this would not leave very
large numbers in come oi the 'es: populous categories. 1t was therefore de-
cided to go ahead with the workjng sawple thus provided. appendix A provides
a three-fold table showing the Jlistrviboucion of the working sample by region,

by school type, and by sizc or groduating class.,

c.a level base-line needed

.

\,
The second probtam coucerncd to - use of the classmate data to establish a

normative frame within which furthe: ilyses could be made of patterns oy data

Lo
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‘concernlng either the classmates or the doctorate—holders. Six quantitatlve
measures, described in the following chapter, were available. Not all of them .
‘were available on every case, for a variety of reasons. The six variables are:
grade point averages in the four subject-matter areas of English and foreign
languages, social studles, mathematics, and science, normalized rank in ClaSs,
and intelligence test score. The desideratum from the standpoint of stat1st1cal
analysis is that there be a scale system sufficiently consistent linking these
‘six variables so that patterns of ability on them may become apparent A given
scale value should have the same normative 1nterpretat10n from one variable to -
another so that any patterns that show up may relate to the nature of the vari-
* able rather than be an artifact of the scale system. The idealized aver;ge T

person would, on such a set of scales, have a perfectly flat.profile.

1 1 i

20 }_30 40 . 50 60 70 © 80

s

The scale system used here'ﬁas the standard score scale familiar to psycho-

_ metricians for a generation. The average score 1is 50, the standard dev1at10n\;a

10. The normal range of scores on such a.scale is from about 20 to about 80;

only a few extreme deviates will have scores beyond th1s range. In the present

study, which deals with a highly-selected population, scores up to 85 will he

expected to occur occasionally. The top score was therefpre set at 85; the low

end of the scale will not be of serious concern here, Lt might be mentioned in

passing that this is essentially the same scale used in reporting the results

on the 1958 doctorate group: The AGCT scale is exactly this scale multlplled

by 2. . T ,

" . ...8elect and’calibrate

In brief, the scaling technique involves selection of a s#mple frbm the

classmate group that would be as representative as possible the whole set

of classes from which the doctorate-holders came, and then
% ~
mean and standard deviation of each of the six variables to provide a base for

omputation of the

the calibration of the standard score ;scale.

.




. .normaly= &% in each decile

'One.of,the six measuresavailable on most of the doctorate add classmate
cases was rank in graduating class:' The procedure for obtaining the classmate
sample was des#gned to make this group as“ﬁéarly representative as possible. )
This ideal was not quite achieved, however. . When *he percentiles were compuﬁed
, and tabulétea, it was found that the sample was slightly weighted toward the

higher d?cilestxiéggﬁ~schools had either not réportedrthe classmates when they
<1 turned out to be very poor students, or had substituted someone with higher
grades. To correct this imbalance, a procedure analogous to that employed on
the'doccorate sample was used. The classmates were distributed by region and
~ by ‘decile within region, and cases trimmed from each Eegion—by—decile cell un-
til a baganced total was obtainéd for the United s?étés a whole. "Balanced"
her; means' that the distributions were symmetrical, with as many above as below
average. There remained, however, .a minor piling up in the middie deciles, and
thinning out of the extremes. The net effect of this abnormality (a mild lep-~ -
tokurtoéié) is shown in a reduction of the standard deviation.df the normalized
.rank in class from'the theoretical 10.0 to 9.7. It was not possible to achieve |
a balanced distribution for each region, although no‘seriops'regional imbalaﬁces
remained, The final result, .in terms of a.decile-by-region table, is shown in

Appendix B, ) ) ) L

...profile flat within .0l o

Once the standard classmate sample was selected, the constructian of the
Standard §COre scales was relatively straightforward. The mean and standard
deviation of the standard sample was computed for each va*iable, and all meaus
adjusted to the mean test score, as the intelligence ge&t&ﬁeasure furnisgéd-
the only link to the general population parameters. It was assumed that the -’

‘original test standardization was properly done and that the conversiop table
used in this study anh with the 1958 docrorates was adequate. On the test
score variable, the standard classmate sample had a mean standard score of
56.77. The means on the five achievement variables were therefore adjusted
to this standard by adding 5.6 to the nermalized rank, 1.0 to the mathematics
GPA, and subtracting 2.6 from the sociél studies GPA. The result was a base~
line of the six variables which did rot deviate more*than 0,1 frem the average

N of the six. This was sufficiently accurate for the purposes of the present

P2

study. ‘
. TN ,'
ERIC | - L
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. ...aim: six uniform measuring-sticks
§0r an?lyticéI’work involving particularly a deviate group such as the dog-
torate—holders, it is necessary to erect on this flat- ‘base-line a set of scales
with approxxmately equal scalar units. This was done by consideration of the stan-
dard dev1atlons of the classmate sample on the six variables, which, with corrected
means, were as follows: 3

GPA 1- GPA 2 GPA 3 GPA 4 Normalized Test

” Languages Soc. St. Math Science Rank scare
Corrected mean 55.7 55.7  55.6  55.8 55.7 55.8

Standard deviation 16.3 - 16,8 - 18.6 17.5 9.7 9.3

The conversion from the original GPA scores to the standard scores is accomplished

by the formula:

Standard Score = lQ_Sﬁ_:_El + c

g

where X = a given origlnal GPA score
¢ = the corrected classmate mean for that GPA
o = the original standard deviation

]

1l

As a practical measure to facilitate” convers;en of the computer-produced data, which
Were in terms of the original varlables, a set™of conversiaﬁ\ scales was constructed;
these tables are given in Appendix C. Only the GPA's, which Were set up W1th1n |
rthls study by operational dgflnltions determined for this study, need such cOrrec-
tion; the normalized{ rank and test score variables were used as found, except for
the addition of 5.6 to normalized rank to equate’ it with the test score variable.
The result of these operations is a set of scales by which deviations from a the-
oretical general population base .(that of thé test gtandardizatlon) may be measured
in units based on the spread of ability within a representative sample of the class-
mates of the doctorate-holderss While far from perfect, these scales will suffice
to show up patterns of ability where such patterns are pronounced enough to have

_any practical significance.

16



‘ CHAPTER 111 / PROCEDURES AND VARIABLES
The first portion of thls chapter describes the proced res that were used in
the mail -out of the data, and its processlng on return. THe last portion describes
and deﬁines the varlables;used in the remainder of this yeport

/

. .questionnaire pre-tested
The first step in the data-collection procedure/ﬁas to send to a group of
high schopl principals'wgo ad cooperated in the study of the 1958 doctorates a
draft copy of the procedures to be used, and draft copies of the questionnaire
to be emplo§ed, referring to their 1958 doctorate alumni, with ;’requést thet,‘ "\
they try it out, and comment critically on its”pracficalihy. - On the_bésis oﬁ
theilr comments, some changes were made in the form -and érocedu}es,’ahd the ques-’

tionnaires sent for printing.

2 - ...an IBM schooi direcfory
In 1952 the U.S. Office of Education published its_ first complete Birectory
of. Secondary Day Schools in the United States.” An earlier directory, published

3 in'1949, was somewhat short of complete, The IBM cards used in the preparetion of
the 1951-52 directogy were secured, and provided the basic data for the later gfer—
ations of assigning school identification numbers, pridting address labels, and"

. “printing out a roster suitable tor the coding procedure, @Pst of the PhD's in the
present study had graduated from high school before 195Q, and the schools of al-
most all of them could be identified in the 1951-52 directory. Where errors in
identification were made, they were frequently corrected when the forms were re-
turned by the high schools as not belonging to them. In a few cases it was not
possible to iaentify the high school of originj; this was a negligible source of

loss in the present study, however.

.a computer process

The identification of the high school of origin of each doctorate-holder was
established by meamns of the questionpaire whigh he had completed at the time of
his doctorate gradﬁation. This also provided the date of high school graduation.
This information, plus his year and place of birth, as well as the institution,
date, and field of his bachelor's and doctor's degrees, were extracted by com-
puter processes from the Doctorate Records File of the Uffice of Scientific
Personnel for prlnt out on prepared forms to be sent to the high schools. To do

this, however, the records had to be assembled by high school of origin. In order
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to\provide ¢ank within state (for those with five or more doctorate alumni) and,
rank in the nation (for those with ten or more doctorate graduates), the data
then' had to be anaiyzQﬁ statisticefly Tha-assembly of each school's .alumni in-.
volved a coding process in which a four- dlglt school code number was assigned to
egch high school which, together W1th the two-digit state identification’ used
throughout the DQctorate Records operation, provided a unique code number for
each ‘'school. The first dlgit of the state code identifies the state's general

- "

- geographlc reglon

.

..the mail-out packet
WHen the computer apgratiOn was completed, it was found that,in all, 35,190
‘questionnaires were mailed out to almost exactly 10,000 high schools out of the
25,000 in the United States in 1952. A cover letter adapted to the number of

doctorate alumni from each school was sént out with the questionnaire, together

)

with a prlnted roster of its d0ctorate alumn1 and 1nformat10n on rank of the
school in.the state and naélon where appropriate. Each school was also sent re-
B@lnts of the prev1ous reports based on the study of the 1958 doctorate-holders
so that they might see what results had been achieved from the previous study,
and how the data would be used in the current study. To each "state champion"
high school (the one with the largest number of doctorate alumni in»the1state),
and to each school with over 100 doctorate alumni, a special letter was ‘sent.

, These schools were also sent a copy of NAS-NRC Publication 1142, "Doctorate Rro-
duction in U.S. Universities, 1920-1962." -A copy of this book was also sent to
each of the large-city school superintendents. It was felt that the information
in this book would be of parvticular value to the educational systems which were the
ma jor secondary-scho®l sources of thesexdoctorate -holders, and to their students.
It was also hoped that this book might serve as a minor recompense for the extra
effort required of these larger schools. A sample of the questionnaire used, of
the cover letter employed, and of thed}nformation sheet sent to each school re-

garding its doctorat& glumni is included in Appendix D.
RN

, . .follow-up
_ Although it~had originally been planned to mail out the questionnaires in

eariy October, the data~prOceSssing requirements delayed mail-out until late

November 1963. Replies came in over the succeeding months, and some even-in the

following summer and fall. AS they were received, they were tallied on a roster
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of all schools involyed in the mail-out. [t became apparent ‘from this tally and

-

from letters received in veply that returns were best: from the middle-sized schools,

v

poorest from the schools with one docforate alumnus only, and deficient aléo from
the largest schools, In tha spriug of 1964, a follow-up Letter’has sent to all
non-respondent schools witn more tﬁan one gradvate in the 1959-62 doctorate group,
followed in the fall by a similar/affogt for the schools with one graduaie oﬁiy.
Special efforts as seemed appropriate were made in the big cities with small re-
sponse from Some of the largest schools. These efforts in part redressed the im~
balMaunce in response rates from schools of varibus sizes ana types, ‘but, as noted

in the chapter on methodology, further "trimning' of the résponse sample was ne-
: Ny

cessary before data 2nalysis could Legin. LT N
. n ' .
i ﬂ ...llog i;}-44 code check}——.[buneh cbmpute wrl
‘ Some of the schools replied by tiapscribing the stddentsf data to tne ques-

tionnaire forms that had bcen sent; octhers sent photo—transcfipts. In the case
of the latter, the necessary Cranscriptgavbwas made in the Office of Scientific

Personrel, so that all data would be in uniform format for further data processing.

¥

“Each form was then coded, &nd the coding checked by a second coder to insure maxi-

mum accuracy. This information, as way be seen by examination of the questionnaire
: L . i o . .
form in Appendix D, includies not only the individual's grades in the various sub-

.

jects, but also information about the schocl and the community. In thg case of
the large cities, the schools were instructed to omit this information; it was
‘sought directly from the office of the supevintendent, Lo save transcribing it
to each individual form. Some of che superintendents did not respond to this ‘
inquiry; the data regarding scnocls is therefore still incomplete and is not in-
cluded in this report. At veolativety small expense, it is believed, it could be
‘completed and a further situdy rude ol the inter-relatlons orf individual data,
school operating conditions, aud relfative productivity, using the data frowm the

U.S.0.E. Directory cards os . base for computing number oi doctorates per 100

graduates, etc.

_ . ... four GPA's computed

The school subjects ave croapod oo the questiﬁnnalre Lorm into five‘subject~
matter areas: English, foreign janguuges, socialvstudies, mathematics, and science.
Although grades in cach individual subject could be studied if desired, it seemed

more logical to greoup ther tato gecoicl areas and compute o grade point average

for each area, to reduce the complevii, i the data and increase reliability of the

[y
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results. Because a great many students did not have any foieign language, and
because it is to be expected that the correlation between foreign language grades
~and English grades is substantial, all langudge gﬂ‘des were combined into a single
. grade point average (GPA). Similarly, all social studie$ were grouped, i&:o a

social studies GPA, and GPA's computed also for math and for science~--four -
"all. “The computation of GPA's was done by computer after the informationf?:§‘?
been coded, punched, and transferred to a*hagpetié tape record. The original

'coding, however, was. done by hand accordlng to the following-scheme, 1n;wh1ch

letter grades (or numerical grades where they were used) were transcribéd to a
© .uniform base.‘ 7 ;.. ";3
Code Scale Letter Grade \ Numerieal Grade
\g A @ 93 +
- 8 AB, A-, BY  89-92
R 7 B ‘ | 85-88
6 BC, B-, C+ °  82-84
5 C . 7881 . '
4 Cb, C-, D+ _74-77
3 D . : 70-73
2 DF, D- 65-69 e
1 F Below 65 .

Where schools uéedja numeric grading system different from the above, they *
were asked (see bottom of the questionnaire form) to state what it is, so that
proper account could be tahen of the variation. It was, of course, impossible
to take into account the school variations in the meaning of an A or B'or'C in
a given course; as will be seen in the next two chapters; there were school dif-

- ferences in gra<ing standards. By using the uniform code scale shown above, it
is possible from the present data to make studies of%the quantitative differences
among schools and various categories of schools ir the grading systems employed.

The GPA's as they stand must reflect the local grading requirements, however.

’

.+.from percentile to standard score -
Each scéhool was asked to indicate the rank of each student, doctorate -holder

and classmate, among the other members of his graduating class. In s oye cases,

2e
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only a decile or quintile-or quartile standing Jas indicated. In most cases, how-
ever, the number of students in the class; and the graduate s relative rank were

. indlcated This informatilpn was fed inte _the " computer, and a percentile rank
computed It was ther ransformcd by a table look-up program, into a "normal- "
ized ranW' score, using ‘the standard tables relating the percentile position to.
standard score in a normal - d1strLbutlon with a mean of SO and standard deviatlon
of 10. This nbrmalized rank .score is, of course, closely correlated with the
ayerage of the four Gpa’s, but has merits the GPA'S do hot possess., as described

1n the chapter on.ﬂkmhodplogy. ' ' . ' ¥

. >

inally, the schools were asked to prov1de ‘infermation on standardized in-
ligence tests. ?here are of cour ¢ a very large numper of/such tests-in use,
and there is no cross-standardized systcm to relate an ‘IQ on one test with an IQA
on another. In the absence of such a national standardlzatlon system, all data
that cauld be collected regarding vartations in the statistical meaning and in- /;~
teﬂpretatlon of the various tests was assembled, and used to cast all of thé; :
into, a uniform framework, using the standard score system with a mean of 50 and
standard dev1at10n o£ 10. The scaling system used was the same as that used pre--
viously in the anal .ysis of the 1957 and 1958 data.ﬂ A copy-is in Appendix E. No
- claim c;gﬁbe made. as to the degree of its accuracy; its uniformity insures that
there will be comparability of data across any groups compared by means of this
Jtransformation chart; because of the essentially random nature of gebgraphic
spread oF the various tests,’ and the fact chat all tects are used in all types
of schools and for all eventual categories of doctorate—holders,'no bias;éould
be introduced into the final results by any imperfections which may exist in the

test coding chart as it stands.

-
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CH{PTER IV CLASSMATES AS A NORMATIVE/BASE .

. . The general prOCedure for use of the classmate cases as a nothative base
~ . R ' IR
for the further 'study of the doctorate~holders has been explained in Chapter JI.
. R s
The present chapter. elaborates somewhat further on-the data from the classmate

group and the implicefions of the oatterns-found there. N ‘ ’(‘

.- -
: ...Snap course, tpugh cburse

. The first point worthy of note Ls-the pattern on the original uncorrected

« GPA's that requlred a correction”to the mean scorés. The social studles GPA was
two standa&d score p01nts above the general average, the mathematlcs GPA was one’
point below the general average.‘ This represents variatioms in gradlng standgrﬂsk>

- in the courses involved, and could be briefly stated,'perhaps in’ overelmplifled '

" form, in the termsithe"scudents hight use: "social Studiee is a Snaog mérh is 3
tough" . There are of course tremendous variations from school to schoel and w1th-
in schools from course to course or Qeacher to' teacher, the results here are mere-
ly,the over-all summary from thousands of schools across the whole country. It
’woﬁ}d be possible, but seems unnecessary for the preéehﬁ purooses, to sort the
data .out further into individual courses involved ih the various GPA'sy and tabu-
late ability levels, as measured by the standardized tests, for those who took
.the'courses. 'Ic\nrght well be found that the students who took several mathe-
matics courses, for example, were more able than the students who had several
social-studies courses; this would, if found,. indicate that an even further cor-
rectlon would be in order. In this manner, it might be possible to learn a great
deal more from the present data about the. characterlstlc varlations among courses
and school grading standards in the United States, always keeping in mind that
‘the present sample is not representative of all schools, but only those schools

s

AN

which were the origin‘of\doctorate—holders.
‘ ; ‘ '

; ..the sexes differ in achievement

Among the results that are of interest in themselves, apart from what they
contribute to the study of doctorate-holders, are’gindings regarding sex differences
in high school achievement and test score.'_?he'date given below are in térms of
corrected standard scores,  for boys and girls among the classmates, and indicate
the number of boys and girls\in each gﬁoup;‘ and the percentage of the total group

upon whom each GPA was computed.

o :2(;
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Table ]

. Number of Cases and Corrected Mean Standard Scores on Six Variables
By Sex, for the Classmates of Doctorate-Holders

,

GPA 1 GPA' 2  GPA 3 GPA 4  Normalized  Test

‘ Language -Soc.St, . Math Sclence ~ Rank Score

Mean of Girls 58.4 56,6 . 56.8 . 56,9 574 . 54.9

Mean of Boys®™  53.6 4.8« S54.7. 55.0, Sk .~ 56.5
L \ o . N . .

. Nu¢52% of Girls 4776 - 4765 4292 4544 4780 " 3418

_ Number of Boys ' 6042 6012 5799 -+ 5857 6051 S 4283

Percent Giefs §9.91  99.68  89.79  95.06 100.0 71.50
Percent fBoys . 99.84 99.35  95.82  96.79 100.0 70,78

The above table shows rather dramatically the now familiar fact that girls

tend to be superior in verbal performance, while boys compete on more nearly

- equal terms in math, science, and social studies. The difference in rate of

occurrence of math and science GPA's is significant also. Practically all stu-

‘dents, boys and girls, have GPA's in languages and social studies, presumably
guag

because at least some courscs in these subject areas are universal requirements.
Not so with mathematics. One girl in 10 has no matb courses, and one in 20 no
science courses, while among the boys these ratios are one in 24 and one in 31,

respectively.
&

...boys' schools, girls' schools

[n' Table 1 above, the boys ave superior in measured intelligence and the
girls in normalized rank. This is in part due to variations in school type, and
selectivity, which-wi!i Lo denlt with dn greater detail later. That is, boys are
moxe likely to be sent to special iewd, scelective schools, and the graduates of
these schools, in part becou.  they &rm boys, are more likely ro attain doctorate
degrees, 'Consequenrly, the schools irom which they graduate are more heavily
sampled‘in the present study with the result that, although the present cases
are randomly ‘selected trom amony thelr classmates, they are differentially rep-
resentative of schools with the indicated sclective admissions policies. It
seems probable, howcver, that the obsverved sex differences are also due in lafgen

measure to the fact that givls tend to perform in the clagsroom in ways more likely
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to earﬁ’good gradeé in the typical high school. Boys are less" conforming and K
docile, and are in greater measure punished for these deviations with 1owered

grades,

...more boys drop out.
The effects hf diffgrential drop-out rates are ‘not directly apparent in the‘
data of the present study. In generél boys are more 1ikely to drop out before
,completing high school than are girls, and it is Tor the most part the less ablée
ones who drop- out This would. produce a higher mean measured 1ntelligence for
high school graduate boys than girls. However, in the present. study, we have
found morelboys than girls among the classmates, because of the sex-<segregation /
policies of some schools, both public and private, and the fact that boys schools
are more heavily represented here, It is not immedlately apﬁhrent&:\\\these two
selective trends can be disentangled within the limits of the present study. The
results as observed, however, are in accord with the expectations from dNfferen-

tial drop~out rates; the measured intelligence of the boys among the clas

is higher than among thehgftls, in spite of the boys' lesser earned grades.

It is_ihstructiVe to compare the profiles of the boys and girls by type of
school, and in the next chapter, to compare these profiles with those of doctorate-
holders similarly sorted out. Table 2 provides the essential data.

Table 2

/
Means of Boys and Girls,  and Sex Differences on Six Varlables,
By Type of School

Sex Type of School ~ GPA 1 GPA 2 GPA 3 GPA 4 Rank Test
Girls Public 58.4 .56.6 56.8 56.9 57.6 54.8
Denominational 58.0 56.9 56.2 56 .4 55,3 54.3
Independent 58.5 57.3 56.5 - 58.2 55.7 58.2
"Boys  Public 53.3  54.6  S4.6  55.1  54.2  55.6
Denominationad 54.9 56.3 54 ,6.... 54.2 54.9 57.8
Independent 53.9 55.2 55.2 54.8 55.3 61.7
Diff,, Public 5.1 2.0 2.2 1.8 3.4 -0.8
G-B Denominational 3.1 fb 1.6 2.2 - iy -3.5
Independent 4,6 2.1 1.3 3.4 4  =3.5

,.’_“7
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The girls in all three types of schools are consistently higher in achieve-
ment-‘!hpecially in languages--duuxtheboya, who are consistently superior in meas-
ured aptitude. In the public schools the superiority of the boys in tested ability
is legs than one point; in both types of privaﬁe schools it is 3.5 points. As a
consequence, the girlsggre just barely superior in normalized rank in the private
schools, but superior by over three standard score points in the public schools,
as is shown in.the bottom portion_of‘Table 2.

h

When data/@?r the boys and girle are combined, the following mean scores are

found for normalized rank and test score for the three school types:

. - Normalized Rank " Test Score
\ Public Schools . 558 55.2
.., Denominational Schools , 55.0 57.0
o In&ependent Schools 55.3 61.2

This table bfiﬁgs out most Elearly the selective admiss&ons‘policies'of‘the
private schools in this sample, particularly in the independent g}oup. The slightly
lower normalized rank mean of the‘ﬁfivate schools .may be an indiéation ﬁhat a higher
proportion of their graduates may have gone on to the doctofate, so thaé a larger

i
J

fraction of all schools in the private sector are included in this study than ism///

_true of the delic schools. A determination as to whether or not this has actqélly

occurred must awailt a later study.

‘ ..field diffeFences?

The "classmate cases" were sorted out by the field of eventual specialization
of their matching doctorate-hoﬂg;rs. This was done to check on the possibility . "
that differences in the educational milieu, as represented by the high school peers,
might be influential in eventual field choice. Differences in ability among doc-
torate-holders had been clearly demonstrated’in the study of the 1958 doctorates,
with AGCT-equivalent means ranging from 140 for the highest-scoring field down to ,
123 for the lowest-scoring field. Were those in the high-ability field selected
more frequently from among high-scoring classes, and vice versa? This was readily
checked, and the results were negative with respect to measured intelligence, nor- .
malized rank in class ¥ and the four grade point averages. Corrected means on?these

six variables for the classmates of doctorate-holders in the several fields are

given below in Table 3.
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< : ) Table 3 : o .

‘Corrected Means of Six Variables on Classmates of
. Doctorate-Holders in Ten Fields of Spégialization

) . ahal GPA 2 GPA 3  GPA & /Normalized Test
Field Language - Soc,St. Math - Scienc Rank Score
Math 56.3 1 56.0 56.0 56.5 56.1 56.7
Physics  55.9  °° 55.7  55.5 55.8  55.9 56.0 . .
Chem. '55.5  55.2 55.3 55.5  55.7 55.4
Geo-Sci. 55.5 155.8 56.2 55.8 7 56.1 55.9
Engin. 55.9 56.0 55.6 55.7 55.9 - 55.8
Biol. 55.6 .56.d" 56.0 56.1 55.9 55.2
. . Psych. , 55.4 55,87  55.2 55.7. 55.8  57.0
 Soc.Sci. 55.4  55.7  55.7 55,7 55.4 . 55.6
. Arts 55.3 354 55.1 55.7 55.3 56.2
Educ. 56.0 55.6 55.8 56.0 55.8 55.4
6 55.8 55.7 _ 55.8

Total 55.7 55.7 55.

Whether there is any relation between field of eventual specialization and
predominant sex of classmates (largely a function of special rather than coeduca-
tional schools) was also explored. The percentage of males among classmates, and

the standard errors of these percentages, by field, are shown in Table 4 below.

7

y | ) Table 4

Percentage of Boys among the Classmates of Doctorate-Holders
By Field of Doctorate, with Standard Errors of Percentages

Field Percent Males Field ) Percent Males

Mathematics 57.5%t 2.7 Biology 54.9 % 1.2
Physics 56.9 t 1.8 ‘Psychology 57.6 T 1.5-
Chemistry 56.0t 1.3 Social Sciences 59.6 t 1.4 -
a Geo-Sciences 62.8t 3.0 Arts & Professions 55.2\t 1.3
Engineering 56;@ T 1.5 Education - - 51.0 T 1.3
! General Average = 55.9%
/ . "

2c
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The fields of geo-sciences, sbcial sciences, and educatjon differ signifi-
cantly ffom the mean percentage for all fields combined. This may be in part a
function of type of 'school, as other studies (see Scientific Maﬂpower Report #5,
18 Jan. 1965) have shown that educators come predominantly from public'schools,
and in this sector, disproportioﬁately from the smaller‘schools, few of which
are segregated by sex., It is also true that percentage of females among educa-
tion doctorate-holders is high; to the extent they come from girls' séhools,
the percentage of‘males aﬁoug the peers of the education group would be lowered.

~Soci;1 scientists come disproportionately fptm denominati&nal and independent
schools, and from large-city public schools, which are segregated by sex more
frequently than.is true of the medium-size publfb schools. The high proportion
of males among the classmates of geo-scientists cannot be explained gp readily
in terms of type of school, as this group also comes disproportionately from pub-
lic schools, with an average percentage from independent schools and an ‘unusually

small percentage from denominational high schools.

...size and type of school
Ability variations by size and type of school are shown by the following
-table, wﬁich includes numbers of cases, corrected means on normalized rank, and
intelligence test mean values. Jn the largest and smallest size categories the
numbers of cases from the private schools, both denominational and independent,
are too small for Meliable statistics; all size categories above 10 students per .
graduating class have been retained nevertheless in order to compare data for thé
public schools 'of various sizes. Variations in means of.normalized rank occur by
"both size and type of school because these factors were ignored in selecting the
representative sample of cases (only region and percentile rank were explicitly
considered) . Because type and size of school are related, as are also type and
region, there are some rather complex interactions which may have made the private
school cases of both types somewhat less representative of their own base population
than are the public schools which form tlie great bulk of the cases. This caution

should be kept in mind in any interpretation of/;hq\patterns found in Table 5.

The over-all variations in normalized rank (see column for “all types"), as
" one reads down Table 5 from the smallest to the largest “schools, amount to three

points in, standaxd score (.30), hal® of it in the first step. This is probably due
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Table 5

Corrected Standard Score Means on Normalized Rank
and Test Score by Size and Type of School

, ' : ‘Normalized Rank - Test Score
Size of Grad- ’ All . L All
uating Class Public Denom « Indep.]| Types Public Denom. Indep, | ®Types
1-19 53.5 55.0 52.5 53.6 54,2 57.5 57.5 55.3
20-39 55.8 54.6 53.9 55.3 " 54,0 -56.2 60.0 55.7
40-59 . 54.8 55.2 55.9 55.0 52.8 _956.9 60.4 54.7.
60-99 55.4 54.4 55.9 55.3 54.5 T56.1 59.4 55.3*‘
100-199 56.0 54,7 58.0 56.0 55,8 57.7 64.2 56.0
200-499 56.0 56.2 53.3 56.0 55x6~ 57.5 64.8 55.9
500 & up 56.4 55.4 51.1 56.4 56.3 55.6 61.0 56.3
' Total, all \ ,
sizes 55.8 55.0 55.3 | 55.7 55.2 57.0 ° 61.2 55.8

.

to the fact that the PhD-holder is generally from the upper part of the class (typi-
cally one o above the mean; enly one out of 8 from the lower haff) and that his
elimination leaves selection o; a classmate from a remainder of lower average rank.
In the larger classee, this occasional elimination has‘small weight; in the classes

smaller than 20, and particularly smaller than 10, it has a marked effect. This

"

probably accounts also for the lower over-all normalized rank means for the pri-
vate schools; small classes are more typical for them than for the public schools,
There seems to be no significant trend in the normalized rank variable except for
the classes of fewer than 20. As mentioned earlier, the values for the private
schools in the smallest and largest categories are unreliable because of  the small

number of cases.

‘ ...urban = verbal?
The'relatiog of intelligence test score to class size is weak but discernible,
and in the expected positive direction, particularly for the publidvschools. A
rural~urban difference in intelligence test scores has been repeatedly observed
over the past 40 years, and undoubtedly explains the class-size differential. In
o each glass size category for which reliable daﬁa are avalilable, the denominational
school mean is higher than that for public schools, and the independent school mean
highest of the three types. -Whether the schools sampled in the present study are
equally unrebresentative of all three types of high schools cannot be immediately

determined. 1In all, the original returns represented a sampling of 7458 schools

P

30
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out ef 25,000; the‘renhced sample used in the tabulations here includes about
- 4000 schools or 16% of the national total. Generalization to thé whole set of
schools of any ?yp? would therefore be unwarranted on the basis of Present]i

available control data.

-

o

' . ...regional patterns
Table 6 below gives data on normalized rank and test scores by geograpghic

region. Variations ir-aormalizéd rank are small, in spite of the fact thaE

was necessary to eliminate\zg,ECtively from some regions more-than from others

to minique the loss from the ‘regions of lowest total response rate, and the

further fact that %liminations were from the upper half of the ability range.

The "penalized" reglons (principally the northeastern regions) have scores as

high as tne otheri. One interpretation of this fact, and a pleasant one to make,

is’.that the trimming was in facét effective in eliminating "surplus" cases from

categories that were originally over- represented The results indicate as a

minlmum that the several regions are, on the average, fairly represented.
N ~ LY
In intelligence test means, the regional variations follow a familiar

- pattern, with the heavily urbanized northeast regions scoring highest and the

]
t

rural areas scoring lowest. The somewhat lowered mean for the Pacific area is
_ probably due to the fact that most of the city of Los Angeles was omitted. Only

e
few classmate records were received from that city, although data on the doctorate-
- r
holders from Los Angeles were furnished by its Central Records Bureau.

s ,
Table 6 -

,r

Normalized Rank and Intelligence Test Mean'
Scores by Geographic Region

Normalized : : Test
Rank . . Score
: 55.6 New England 56.6
' 55.8 Middle Atlantic 56.8
A85.7. East North Central 55.5
55.3 - West North Central 54.6
55.6 South Atlantic ' 55.3
55.9 . East South Central 52.7
55.7 West South Central 55.5
56.1 Mountain 55.5
- 56.2 Pacific - 54.9

3i | ,' »




‘ . All the pxeceding chapters aré.prologue. Major interest centers on the

¢ ’
visually compared. The next will deal with a much more sophisticated statis- .

CHAPTER V THE DOCTORATE-HOLDERS '

' -
. N

doctorate-holdé' . 'Two chapters will deal with thisvsubject in ‘'somewhat dif- P
ferent fashion. This chapter will deal with patterns of scores that can be

tical comparison of atterns, utilizing a-multiple discriminant analysis to -dis~
tinguish maximally between various fields of eventual‘doctorate on the basis of
high school data. Tﬁe paragraphs below describe the techniques of insuring that
the visualized patterns found in this chapter represent realities of the data
and not artifa¢ts of procedure. : This description is partially redundant on
Chapter 11, which described methodology; it is presented here in a somewhat dif-

' ferent form to facilitate understanding of the process.

The corrections used with the classmates to remove average differences in
the four GPA's are supplemented to correct for variations in the standard devia-
tions, or spread of the scores above and below the méan. The illustration below

4 : . . s

for GPA 1, languages, shows the successive steps which are condensed in the form- -

ula given in Chapter II.

70.81 from the original mean of the doctorate-holders is subtracted
-55'.65 the original mean of the classmates. This givés the =

15.16 difference in original'scale points. ’ ¢

Dividing this difference by the standard deviation of‘the classmates,
15.16 +.16.27 = .932 - we have the mean of the doctorate-holders

expressed in units of the standard deviation

of the classmates. As the standard score scale divides the standard

deviation into ten points, we multiply this value by 10 -and add the {

classmateimean,
. 9.32 + 55.65 = 64.97, rounded to 65"”0

I3

to get the corrected grand mean of the doctorate-holders in standard

score terms, for GPA 1. . ) ' o

P

A similar procedure was used with the other GPA's, with the additlon of the
corrections for subJect matter differences, discussed in. Chapter II, wh1ch sub-

“ _2.4_:

° K s ’ ‘ o ! ", 321
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tract two points (2.0) from the social studies scale and add one point (1.0) to

the mathematics scale. The result is fonr corrected GPA's,Aas\follows: s

*

, GPA L GPA 2 GPA 3 ’ GPA 4

. _ Languages Sogial Studies  Mathematics Science
o . 65.0 65.7 64.4 65.9

i

As noted in.Chapter II, the procedures described above were ‘used to produce'\
conversion tables from the original scale GPA's to the corrected standard score
scalea.. These tables are reproduced in Appendix C All of the data‘in the rest
of this chapter will be in terms of these standard score scales. A ,standard pro;
file is completed with the addltlon of two more variables:fohe test standard
score and the normalized rank, corrected By adding to the original score 5.6
points to minimize the differeﬁée between the test scale and normalized rank

scale. It is this corrected normalized rank score which will be used in all -

subsequent tables. : - , 7
< ’ \

" The full proflle of six variables for the doctorate group is not as flat -as
that of the clasamates, for a number of reasons, at least a few of-whlch are known.
(Many other causes of variation no doubt exist, 1nc1ud1ng inaccuracies of ébe“scal-
ing technique.) The profile of the entire doctorate analysis group will be used
repeatedly in what follows as a frane of reference_against which to evarﬂﬁte the.
\profiles of a number of sub-groups. It therefore deserves some exdmination at
this point. The 51x p01nt doctoxate profile,is as follows:

GPA 1 GPA 2 . GPA 3 GPA 4 . -  Rank Test

65.0 S 65.7 . bbb 65.9 66.5 . 64.9 °

‘ ‘The fact that .the normallced rank standard score is higher than the average
of the four GPA's (from which, in essence,.3t is drawn) is predlctable on the
" basis of statistical regreesion - This may best be understood by c?nsrdering a
set of students who attain "'A" rrades in various subJects 0f all those who have
S\ in. English, for example some will have "B'" or "C"'ln trigonometry, hlstory,
or chemlstry, while those who have "AY in triggnometry will 1nc1ude soﬂe who have/“
"g" or "B" in the other subjects, and so on. The student who has two At is .
rarer than one with a single "A", ‘and therefore statlstiually has a hlgher per- :
,centile‘ranklng. Likewise those with three and four "A' s“ are still rarer, and, .

would have still higher percentiles, whrch would of course convert to higher -




! - 26 -

standard scores. Viewed from another angle, one could ‘say that if a giveﬁ letter |
.*’grade had a constant meanlng in percentlle terms, a student who scores 4 A's and
2 B's on wcekly examinations would have an A as a six-~-week dverage, not A- as
,mlght be supposed. So with the doctorate~holders as a group,-they are superior

students, on the wholc, but not with entire conSLStencx\ They are not ''straight

A" students; They sllp up here and there in one subject-matter area or another.:
But wﬂep the grades of a generally-superior group such as this are collected into
one over-all grade point faverage, and this over-all score is interpreted as a
normalized rank, they will be'more outstanding on the normalized rank than would

be shown,by a simple averaging of the scores on the separate components.,

_ ...pprofiles, proflles, profiles
Qéing this generalized profile as a basis of comﬁarison, we will examine the
data by year of graduetion; by sex; by marital status at ‘time of PhD; by sehool
size, type, and location; by field of specialization for the.doctdrate; and.by
various combinations of these factors. 1In general, the simpler comparisohs will

be made first, proceeding éradually to the morevcomplex ones.

Fears that the increasing number of doctorates represents a dilution of
quality geem quite unwarranted on the basis of the data-for the time trend--or

lack of trend over the four years of this study, as shown below in Table 7.

¢

Table 7

Ability Profiles of Doctorate-Holders by Year of PhD
Year of - GPA 1 GPA 2 GPA 3 GPA 4 Normalized Test
Doctorate - Language Soc.St. Math Science Rank Score
1959 65.0 65.6 64 .4 65.7 66.5 64.9
1960 64.9 65.5 64.2 65.7 66 .4 65.0
1961 65.1 65.9 S 64.4 65.8 66.5 64.9
1962 65.0 65.7 64.5 66.1 66 .4 64.9

* Variatioqs in the pattern of the GPA's are small and inconeistent. The veria-
tions in»meésured ability and in normalized rank, which are the best over-all indi-
cators of general ability, show absolutely no trend over. the four years of this

- study. A direct comparison with the previous studies of 1957 and 1958 doctorate-
holders cannot be made without g01ng back to the data for those years and selecting

samples in the same manner as the samples were selected for the current study. As

L/ )

Q ‘ | - : - 34
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noted in the chapter on methodology, the 20,440 cases in the present study were-
selécted'to be representative of the whole doctorate population by reéion,'schoob'
type, and school size.’ The data published for the 19584doctorafe-holdgrs were
unselected, and ceftaié?y represented the large, highly selective schools of
the metropolitan areas more heavily than the smaller schodls, and the north and

& east more strongly than the southern and moﬁntain areas, where the test scores
tend to run lower. Therefore: no comparison with the earlier years will be
attempted at tﬂis time; the data for the four years here shown, which were
treated in identica1 manner, show that there isL_at least over this period, as

constant an ability level as these measures are capable of measuring.

s

Lo
In the examination of the classmate data, it was noted that the boys were
superior in test score, but that the girls were superior in achievement in high
~..school, and that this was true for all three school types. A similar examination

" of the data on doctorate-holders is of interest, and is shown be% in Table 8.
. . ‘ . )
TabTe 8

High School Profiles of Men and Women.chtorate-quders
By Type of School, and 8ox Differeénce Scores on Six Variables

Co GPA 1 GPA 2 GPA 3 GPA 4 Normalized Test
Sex ° School Type Language Soc.St. Math Science Rank Score
F  Public 70.0  68.7  66.7  67.6 0.7 66.5
Denominational 70.8 69.5 68 .6 68.8 68.6 66.2
:Indépendent 67.2 66.3  65.5 67.2 66..4 67.7

M Public 64.5 65.5  64.2  65.7 66.1 - 64.6
Denominational  65.6 65.7  64.5  65.6 6.6 *+ 64.9
Independent 61.2 62.3  62.4  63.8 64.2  66.8
F-M Public © ° 5.3 3.5 2.5 1.9 4.6 1.9
Denominational 5.2 3.8 4.1 3.2 2.0 . 1.3
Independent £ .4 4.0 3.1 3.4 2.2 .9

The familiar pattern of maximum dif{ference in favor of the women in languages
again appears, bubtwit is particudcrly noteworthy that the women PhD's are superior
‘not only in achievement, but also . measurcd aptitude. This confirms the finding

of the earlier study of 1958 doctwue: . -aolders, in which it was found that the

, _ | : N
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~

women PhD's were brighter, by any index that was used, than men in.the same
fields of specialization. Another way of looking at the data in the above table
is to consider the differences between the doctorate-holders and their classmates,

holding sex and school type constant. This is done in Table 9 below.

g

Table 9

' o~ .
Differences between Doctorate-Holders and Their Classmates,
On Six Varilbles, by Sex and Type of High School

School GPA 1 GPA 2 GPA'3 GPA 4 = Normalized Test
Sex Type ‘ Languages  Soc.St. Math Science - Rank  Score
F Public 11.6 12.1 9.9  10.7 13.1  11.7
" Denoinational 12.8 12.6 12.4  12.4 13.3  11.9
Independent 8.7 9.0 9.0 9.0 10.7 9.5
.M Public- 11.2 10.9 9.6 10.6 11.9 9.0~
Denominational 10.7 9.4 9.9 11.4 1L.7 7.1
Independent 7.9 7.1 7.2 9.0 .8.9 5.1
s N - /
In Table 9, where boys are compared with boys, and gjrls with girls, any W

generalized sex difference is cancelled out, leaving oﬁly that which may be attri-
buteq)to secondary factors associated with the fact that relatively few women go
on to the dbbtorate, and are accordingly more highly selected on ability than are
the men. On each variable, for each school type, the difference between the doc-
torate-holders and classmates is greater for the women tHan for the wen, and it
does not change vefy much from one variable to another, within school typg.v The
Variatiohs by school type are informative, alSo.‘ For women, the greatest differ-
ences are in the denominational category; for men, in the public school category,
and for both sexes, the smallest differential is in fhe‘independent schools. This,
would strongly indicate that the.independent schools, which have the highest average
ability.level, send more of their graduates on to the doc¢torate--guite as would be
expe&ted on the basis of the socio-economic status of their parents,

)

When the superiority of women over men doctorate-holders was noted in the study
of the 1958 graduates, the hypothesis was advanced that this %as due primarily to
the greater hurdles that the women had to overcome to attain the doctorate degree.
As a consequence of "higher hurdles' it was hypothesized that only the mere able
made it. If this hypothesis is correct, then it might well follow that if still

greater hurdles were put in the way, still higher ability levels would be found

&

5,
3t
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for the successful graduates, This .can be tested in the present case by compcring

the abllity levels of those women who were married at the time they attained the

" doctorate with thode who were single. It is assumed, in doing this, that marriage

and its attendant responsibilities\is a handicap rather than a help in further
academic attainment for the women. Table 10 and Figures 1 and 2 provide the
data relevant to this queénion for all fields in which the number of women was

sufficient for reliable statistics., Inrmath, physics, geo-sgiences, and engineer-

ing the trend was'the same, but the small numbers of women make the detailed data

unreliable. The illustrations in Figures 1 and 2 were selected to show both na-

tural and'socia% sciences’; as Table 10 shows, similar trends are.evident”;n all

the fieldgs™

The hypothesisvwith-regard to relative abilities of the men and women, and
with respect to married vs. single women gains strong’support from the data of

Table 10.) The data with respect to the men, howeVer, raises another'duegtion:f

'why the superiority of the single men as compared with the married? A number -:

of hypotheses (the most interesting ones merely facetious) immediately suggest .
t;;?selves. In any event, the "hurdles" hypothesig ddvanced with respect to

t"® women does not seem to be very useful here. More probably 'a satisfactory
explanation is to be found by considering the variables which correlate posi-~
tively with marital status and negatively with ability. One of these.is age.

It seems quite reasonable to expect that those who are slowest in combletidn of
doctoral requirements are, on the average, less able scholastlcally than those
whq,complete the requircments earlier, being older, they are much more 1ikely

to be married by the time the degree is earned. In the study of the high school
backgrounds of the 1958 doctorate-holders, the ability level of the older men in
eath field was foudd to be lcwer than that of the younger men, as is generally
found in any age-grade .comparison. A full exploratlon of the reasons for the
ability differential between married and single men is beyond the feasible scope
of the present report; it is expected that further study will provide a defini-

tive test.vf the hypothesis here advanced.
" ' e

v
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Table 10

* High School Ability Profiieé, by Field, for Men and Women PhD's
' ' * By Marital Status at Time of Doctorate

P

\

3

)

o
(@a)

63.5

- "Mar. . ' Normalized Teq;'
Field Sex Stat. GPA 1l GPA 2 GPA 3  GPA 4 Rank Score
'All Fields N :
Combined F marr 70.3 68.8 67.4  68.4 71.0  68.3
‘ sgl 69.8 68.7 66.7 67.3 '69.7 " 65.4
tot 0.0 68.7 _66.9  67.8  —~€70.2  66.6
M  marr  63.9 64.9  63.7 65,2 68.4 6415
. sgl 66.9 67.4 . 65.9  67.7 65.5.. 65.8
- tot 64.4 _ 65.4  64.0 65.6 66,1 64.7
Chemistry F* marr  71.1 70.6 72.2 72,2 72.9  69.9
sgl 1.4 71,0 72.0.  7l.4 ~72.0 68.0"
M  marr 65.6 66.7 67.0 69.0 . 67.8  65.2
sgl 67.2  68.1 = 67.7  69.8 £ 69.6  66.2
Bio~Sciences F marr 71.3 70.1 69.9 71.4 72.7 69.6
 sgl 70.5 70.0  68.3  70.0 70.8  66.4
i . M marr  62.5 63.8 62.6  64.9 63.8  62.0
 sgl 65.0 66.0 64.1  67.3 66.1  63.2
Psychology F marr 70.2 68.6 67.0 67.6 70.1 69.3
. sgl 70.2  67.8 . 66.1  67.2 . 69.9  66.6
, M marr 61.8 62.9  60.5  62.3 62.8  64.7
' sgl 64.0  64.5  62.1  63.8 64.8  65.2
Social Sciences F marr 72.5 7L.5 - 68.0 70.0 71.8 68.0
sgl 70 69.4 . 66.6  68.6 69.3  66.
M  marr  64.3  66.2.°¥:62.4  63.9 65.5  64.8
.. sgl.s 67.3 68,2~ 63.9  66.0 67.6  65.2
Arts and .
Professions ¥ marr 72.1 69.9 67.9 69.3 72.2 68.3
\ sgl 71.6  70.0  67.8 \ 67.6 71.7  66.8
M  marr 65.2 65.4 62,7 6 ‘4x\ 65.6  65.4
sgl 68.6 68.2  65.0  66.5 69.3  66.4
Fducation F marr 66.5 65.1 .63.5 64.1 66.9 64 .4
sgl 67.7 66.8  64.4  65.1 66.8  61.5
M  marr , 60.9. %2.2 60.0 61.1 61.7  60.3
sgl 64.1 64.3 61.4 62.9 59.2

S
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;Figure 1
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"~ Profile of Bio-Scientists, by Sex and Marital Status
At Doctorate, on Six High School Variables
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Profile of Social Scientists, by Sex and Marital Status
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. Figure 2

At Doctorate, on Six High School Variables

GPA 1 GPA 2 GPA 3 GPA 4
Language +#Soc. Std. Math - - Science’ -Rank Score
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...schools large and sﬁall

Size of graduating class has been found to be related to doctorate productivity.
The ability level of the PhD graduates of these schools is,-~accordingly, of con-
siderable interest. If the "hurdles" hypothesis evoked with respect to the women
dpctorate; is to apply here, one would expect that the graduates of the small
schools (at least the small public schools) who eventually attain doctorates
would be more able tharf those of the larger schools with more favorable condi-
tions. For the purpose of evaluating this ﬁypothesis, only normalized rank and
‘test score Variébles appear to be pertinent, and these need to be compared with
those of the classmates from schools of the same size and type, to'céntrolvany
artifacts which may apply tp both the doctorate-holdefs and others alike. Table 11
gives the data on the doctorate-holders by size and type of school. Table 12 gives,
the doctorate-classmate differences for these two variables, also by size and type

of school.

Table 11

Normalized Rank and Test Score Means on Doctorate-Holders
By School Type and Size of Graduating Class

Normalized Rank Test Score
Size of Grad- All ‘ All
uating Class Public Derom. Indep. Types Public Denom. Indep. Types
1-19° 64.6 65.1 62.9 64 .5 63.6 67.2 66.5 64.6
20-39 66.1 64.6 64.1 65.6 04.0 65.0 66.5 . 64.6
40-59 66.3 05 .8 63.6 65.9 63.4 63.7 67.1 64.0
60-99 66.7 67.5 65.5 66.7 64.5 65.9 65.3 64.8
100-199 66.5 67.6 65.5 66.6 64 .4 65.4 68.6 64 .7
200-499 66.9 69.8 63.4 67.9 65.2 64,1 68.3 65.2
500 & up 66.3 67.5 66 .8 66.3 65.2 63.8 68.5 65.2
Total, all g
sizes 66.5 66.9 4.0 66.5 64.8 65.1 66.9 - 64.9
& l
x & s
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Table 12

PhD-Classmate Differences in N.rmalized Rank and Test Score
By School Type and Size¢ of Graduating Class

Normalized Rank . Tést Score

Size of Grad- ' All All
uating Class Public Denom. ¢ Indep. Types Public' Denom. Indep. Types
1-19 1i.1 S 10.1 10.4 410.9 9.4 9.7 9.0 - 9.3
z0-139 10.3 10.0 10.2 10.3 10.0 8.8 6.5 8.9
40-59 11.5 * 10.6 7.7 10.9 10.6 6.8 6.7 9,3
60-99 11.3 13.1 . 9.6 11.4 10.0" 9.8 5.9 9.5
100-199 10.5 L 12.9 7.5  10.6 8.6 7.7 4.4 8.7
200-499 : 10.9 13.6 10.1 11.9 9.6 6.6 3.5 9.3
500 & up 5.9 12.1 15.7 9.9 J/ 9.9 8.2 7.5 8.9
Total, all : . S
sizes 10.7 11.9 9,1 10.8 9.6 8.1 5.7 9.1

Very little data of either of the above tables shows any consistent ;rends;
with two possible exceptions: the PhD-classmate difference for the independent
schools seems to be negatively related to.q}ze of graduating class, and there
seems to be a mild negative correlation between test score an class size for
the public school column. It must be remembered, in interpreting Tables 11 and
12, that the data for the larger class sizes are unreliable for the private schools,
both church-related and independent, because the numbers of cases in these cate-~
gories ave small. In summary, no support is found here for the '"hurdles" hypo-

thesis, insofar as the supposed handicap of small class size is concerned.

..ptlvate-parochial-public hierarchy maintained

It is worth noting that, with respect to measured ability, the independent
schaols rank first in five out, of seven class sizes, and the public¢ schools rank

third in fiVeéhhp of seven sifes, the exceptions being the largest class sizes,

where data fot the private gthools are unreliable;, and where selectivity of the

public schools is most frequently encountered,

...above and beyond tested ability
Another comparison in Tables 11 and 12 is perhaps more significant than
thoée concerned with the "hurdles" hypothesis. The doctorate-holders are higher .
on normalized rank than on test score in 23 of the 28 possible comparisons by

size and type of school. The exceptions are in the smaller of the private schools‘
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of both categories. When the PhD-classmate differences are examined, the norm-
alized rank scores show the greatest difference in all but one -ell, where there

is no difference. For the rotal of all schools in Tuable 12, the PhD»clasémate
difference is 10.8 ﬁqints in normalized rark and 9.1 polnts in test scoce. A

small portion of this differeuce (4%) c¢ould be accounted for on the basis of

the larger stancard deviation of the ncrmalized rank scores {9.7) as compared

with that of the test scores (9.3). Allcwing for this difference in distﬁibutions;
the Php-classmate difference in normalized score is still larger than the ‘test
score difference by l4%--not a large amount, but enough to suggest furtheﬁ exam-
ination. For the public schools, the ratio of the two differences (normaiized

rank/test score) is only 1.06; for the denominational schcols, it is L.41, and

~

‘for the independent schools #t is 1.53. Earlier data have indicated--in line

with prior expectations--that the gradiug standards of the private schools, and

Apafticulariy the independent ones, are more rigorous than those of the publi¢

schools, perhaps largely in ctonsequence of their/geieggive admissﬁéns policiéﬁ,
as compared with the "comprehensive" role of most of the public high schools.
Within the privace school group, the PnD gradvates are more outstanding relatiﬁé
to their classmates on nommzlized rank than they are on test score; whereas in :
the public schools the difference is @inimal. Whether this same pattern would
hold with respect to hiyhlv-selosiive public schools is an interesting question,
but one which could not be ursued within the time and budget limitations of the

present investigation

This patterir of differeace.s of rank vs. test score might be interpreted to
indicate that the eventual ﬂyutorateuholders are not only brighter, but, for a
given level of native abiii%y, are mors studious than their non-PhD classmates.
In view of the importarze oi grade-getilng aLk=tﬁrough the educational system,
up to and including graduat. s . Lhis would seewm to be a reasonable inter-
pretation. Rack u high school clagss is seneraily- found to be at least as good
a predictor ol collﬁgu aucces: an fn toot score, in ospite of the wide variations
found in schocl quality armd acad e srandards. thether it would he as good a
predictor of non-acaconic criles i Lu ol course quite another question--and one
which might well be worthy ox inve,itpation Lf suitable non-academic criteria

could be developed. g



...80 the fankees win again
Regional differences in doctorate productjvity (the proportion of high
school graduates eventually achieving doeto:ates) have been found ta be con-
g siderable. These differences insproductivity agé correlaged with variations
in ability level as measured by standard tests, as shown in Table 13, below.
This table gives ability levels not‘only of the doctorate-holders, but also af
their classmrates, and includes the average PhD-classmate difference for no;mal-

ized rank and for test score.

e

Table 13

Regional Variations in Normalized Rank and Test Score
For Doctorate-Holders and Classmates

Normalized Rank Test Score
Doctorate~ Ciass- PhD~Clsmt. Doctorate- Class- PhD-Clsmt.
Region Holders mates Difference Holders mates Diffexrence
_ L -
New Ergland 66.1 55.6 10.5 65.3 56 .6 8.7
Middle Atlantic 64 .4 55.8 10.6 66.1 56 .8 9.3
East North Central 66.7 55.7 11.0 64.8 © 55.5 9.3
West North Central 65.9 55.3 . 10.6 : 63.8 54.6 9.2
Soutn Atlantic 66.5 55.6 10.¢ 64 .4 55.3 9.1
East South Central 66.5 55.9 10.6 62.6 52.7 9.9
West South Central 66.3 55.7 10.6 64.2 55.5 8.7
Mountain 65.6 56.1 9.5 63.5 55.5 8.0
Pacific . 67.6 56.2 11.4 64.0 54.9 9.1
U.5. Total 66 .5 55.7 10.8 64.9 "55.8 9.1
-4

In Tabie 13, the inéer—regional variations in normalized rank are waot large,
as these scores.are based on local norms. The variations in tested ability are
considerable, however, on both doctorate and classmate latz, and are so highly
correlated (rank-order correlation is .80) that the PhL classmate difference shows
small variation from tegion to region.. The same correlation on the normalized rark’
data is .62, while the inter-regional correlation between normalized rank and test
score, for the doctorate-holders, is only .15. For individuals tpe correlation
would og course be much higher. One regional anomaly that may be other than merxe
random-éampling variation is the low PhD-classmate difference in the mountain

" states, on both normalized rank and test score. An explanatory hypothesis, which
would have to be checked by reference to other data, is that these data very largely
reflect the influence of Utah, where the Mormon culture has encouraged a very.high

’
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proportion of the students to go on to advanced education, thus reducing the

difference between the doctorate-holders and high school graduates in gereral,
o \ .

The dfstribution'of school types is mnot uniform across the United States;
privaté schools tend to be concentrated in the northeastern seétian. For this
reason, a furtheér table was produced, by type of school and geographic region,
but limitihg the geograpnic bgeak-out to three areas: New England, the Middle
Atlantic states, and all others. The basic data are given in Table 14, and ab-
breviated "profiles" are shown in Figure 3. The GPA scores have been left off

these profiles, as they are substantially‘reflectgd in the normalized rank score.

Table 14

Ability Profiles by High échool Type in Three Regiouns

v GPA 1 GPA 2 GPA 3 .GPA & Normalize: -8t
Region Type Lang. Soc.St. Math Science Rank Score

Public 04 .4 66.0 64.2 65.7 67.0° °  64.8

New Engldnd Denominational 64.4  ©4.8 64.1 64.6 65.8 " 64.5
Independent 59.3  60.2 . 60.5 62.0 63.7 67.1

Public 63.0  64.4 63.3 . 64.6 66.4 ' '66.1

Middle Atlantic Denominational 64.3 64.5 63.0 64.7 :66.3 65.7
. Independent 62.5 62.5 62.3 64.5 64.8 67.3

A1l oth Public 65.9  66.3  64.9 66.4 66.5 64 .1
Regi er Denominational 68.0  67.5 6.5 67.2 674 64 .8
egions Independent 65.2  65.5 65.2 6.2 65.0 . 66.5
Public 65.0  65.7 64.4 65.8 66.5 64.8

U.S. TOTAL Denominational 66.5 66.3 65.2 66.2 66.9 65.1
! Independent 2.4  52.9 62.7 64.3 64 .4 66.9

/

" The data for all doctorate-holders, £3r all types of schools and all regions
combined, are shown in Figure 3 as a reference line against which the other patterns
*4 wmay be compared. In New England, fou eiample, the public schools are'slightly above
this reference line in normalized rank, and slightly below it in test score, whi}e/
the denominational schools are below on both variables. FExactly the reverse is
true in the combinecd total <f Regions 3'through 9, while in the Middle Atlantic
states all three school types are below the reference line on normalized rank and

above it on test score. The ourstavding feature of Figure 3, of course, 1is the
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Figure .3
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performance of the indepcndent schools, which in all regions, but especially in
Ngy Engldnd, go counter to the tneod of all the other schools. The relat}vely
low score on normalized rank is undoubtedly a refiection of the fact tha{ a high
proportion of the graduates of thé¥e schools go on to the doctorate, thus lower-
ing the percentile rank of the doctorate-attaining group. o | ’ . -
, ...thé two cultures
Field differences in normalized rank, math-science GPA, and test score were
noted ip the report oqvthe 1§58 docrorate-holdero. The mOfe extensive data of
the present stody, and its more accurate calibration, pe}mit these factors to- be
examined in greater and more usgful detail. The basie data for a general view
of the results are given in Table 15, which has means for ali six of the high school
‘variables for eadh of ten doctorate fields. The same data are presented graphically
in Figures 4 and 5./ Figure 4 shows profiles of the naﬁuraldpcience fields; Figure 5
shows profiles of the social sciences, arts, and proféssions. In each of the |
gigures, toe general average profile of all PhD fieldS‘combinédlio also included
,as.a reference lioe. This is borticularly imooftanf because the standard score
'scale ranges on the two graphs are not the same: in Figure 4 the scale runs from
63 to 71; in Figure 5 it runs from.60.to 68,
" Table 15
High School Achizvement and Aptitude Méqsures

For Ten Fields of Doctorate Specialization

Field GPA 1 GPA 2 GPA 3 G?A b Normalized Test

Languages Saqc.St. Math Science Rank Score
‘Mathematics 67.7 67.5 70.5 69.6 69.9 69 .4
Physics 67.8 63.0 70.2 70.6 69.2
Chemistry R Y I 67.2 67.5 68.4 65.6
Geo—Sciences . 63.8 049 63.9 65.6 64.7
Engineering 66 .6 067.2 69.2 69.5 66.9
Bio-Sciences 03.6 64%.7 63.4 65.7 64.9 62.7
Psychology 03.5 _ 64.1 61.6 63.3 64.3 65.4
Social Sciencecs 65 .4 ) t6.9 63.0 64.7 66.3 65.1
Arts & Professions 06.8 66.7 63.9 65.2 67.2 65.9
Education 62.3 64,1 60.9 61.9 62.7 60.5
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Figure 4

High School Profiles of Science Doctorat?s
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Figure 5

High School Profiles of Doctorates in Social Sciences, Arts, & Professions
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..{theigeneral hieracchy

The two seis of profiles deserve careful study, as both the form of each
proiile and its general elevation providé significant information. The general
level is tu2 feature that first strikes the eve. The "hard sciences" of physics .
and chemistry, togetner with mathematics and engince}ing, are a distinct group
at the top of ¥ijgure 4, well above the generalized profile of all fields com-
binea. Ge5fsciehces and bjo-sciences range in general below the generalized all-
field profiie. 1n Figure 5, the "arts and professions' group is above thé gen-
eral profile except in math and science GPA's; the social sciences profile criss=
crosses Lhe generalized prcfile, while psychology and education are well-below
excdpi for the test écore variable for psychology. Beyond these first observa-
tions regarding geberal eley&tion of the profiles, details of form are particu-
lariy impovzant. . .
...profile form is important
The two top iilelds in Figure 4, mathematicg and physics, are closely re-

lated disciplines, and yet the characteristic differences in the fields at the

o

octorate level are reflected in the profiles derived from high schoel data.

The stucdernts who eventually became mathematiciams did slightly better in mathe-
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school; the eventual phvsicists did distinctly better im th

boratoryv sciences in High school, and were soméwhat better over-all achieyers,
altbough on tested aptitude there was a slight advantage for the eventual mathe-
maticians. This patterh of differences, it4might be recafled, was also noted on
the 1958 doctorate-holders. The third profile of this physical sciencé group "is
that for engineering, whiwsh-closely parallels that Eqr‘the’physigists, but is in
general about one standard score point lewer on the achievement variabies, and
twe poincs lower on testad scholastic aptitude. The chemistry profile is zgain
neariy parazlle] and a bit lower except that chemists and engineers aye tied ou
al

soci studies GPA and the enginzers are about two_points higher on mathematics.

in atil foﬁr of these profiies, the wmathematics GPA is above the language and
social studies GPA: in this characteristic they are distinctly different feom
all the aiher doctorate fields. Tt may be well to note too at this point that
the math profile is the ounly one of the ten fields'in which the mathematics GPA
is higher thaa the science GPA, and the only science field in which scisnce GPA
is lower than the normalized rank score. It is zhe only sciénce profile in
which language GPA exceeds social studies GPA. One might hazard the genefali- t,
zation rhat tre mathematics profile indicates a much greater relative strength

in the ereas dealing with form Eyén in the areas dealing wiEh_gubsrantive_con—

AN . . iu
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: g ...earth and life sciences
The geo-science and bio-science profiles parallel rather closely the gen-
eral profile of all fields combined, except for a réiative strength‘in science
GPA, and the relatively poor showing of the bio-science group on measured ap-
tifude. In connection with the latter it‘shoulq be noted that this group comes”
in large part from the rural areas, where depressed scores on standardized tests
are quite characteristic; this might well be interpreted i; this light rather
than in terms of a vast difference in native aBility. In both of these fields,
in”contrast to the four at the top of the figure, the mathematics GPA is.dis-
tinctly below the social studies GPA and on a paf with the language GPA. The
relative weakness in tﬂérquantitative area may well have been importan' for a

large number of these people in choosing fields in which substantial success

could be attained without rigorous mathematical treatment of data.

- . ...and the humanities
The "arts and professions' profile in Figure 5 is parallel to and above
the generalized all-field profile éhcept for the math and sgience GPA's, which

are markedly depressed. The high contrast between this profile and the pro-

files of the\physical 'scientists vividly calls to mind C. P. Snow's description
of the "two culsures'. 1If there is a communications gap between these two
cultures, there #g evidenceshere that it begfns as far back as high schopl, and
probably earlier. *'The contrast is even greater with respect to the social sci-
ences group, which, in this tabulation, includes histg'y (sometimes classified
with humanities rather than social sciegces). The social science and arts pro-
files are in general parallel except for the specific areas in which differences

are to be expected--the notably greater verbal achievement of the humanities

- group and greater social studies achievement of those who eventually att&in

doctorates in social sciences. The final two profiles are those of psychology
gnd'education——quite parallel in the four A fields, diverging somewhat more
in normalized rank, and substantially differe in test score. With respect to
the latter, it may be recalled that the psychologists come in large part from
the big city schools; the educators in wmuch greater proportion from swall-town

and rural sources.

,..but the fields are not homogeneous
In the foregding discussion of profiles, each field has been taken as a
whole, without regard to the fact ttit wide varidtions exist within the fields.

. . . N
Some are relatively homogeneous; others, such as bio-sciences, encompass a very

J .
. o1
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wide diversity of component fields, each. distinct from at least some of the
others. For a closer loo: at the within-field structure, further.break—buts
.,:é‘

were attempted.

¢

...200+ fine fields —=> 40+ subfield groups
The first step in examining intra-field profiles was to assemble the data

for each of the subfields that is coded in the Doctora%é Survey. In ail, there
are more -than 20D such fine fields recognized, many of them with too few cases
to permit reliable statistics in the present study. It was kherefore necessary
to re-assemble these fine f{ields into sub-field groups large enough so that the
resulting profiles would have small random error. In this re-assembly, one
point is important to observe: the’field-grouping'decisions must be ma@g with-:
out recard to the profile statistics (other than numbers of cases). It would

be easy to assemble fields which wouldﬁshow striking profile variations by
srouping together those small fields which happen to have similar profile_ché;~
acteristics. This would capitalize ohﬁréndém—sampling variations, however, ahd'
one would have to expect, on a replication of the study, that most of these
striking profiles would vanish like the shapes one sees in passing clouds. The
re-combinations were therefore made on characteristics other than the immediate -
¢ata, with a view Lo maintaining as great a degree of field homogeneity as pos-
"sible while still assembling large enough numbers of cases4ﬁor stable statistical
results. 1In some cases, incividual fields (as coded in the Doctorate Survéy)
were sufficiently large. In most cases groupings had to be made, and some of
the decisions were necessarily arbitrary, throwing together into a single group
sub-fields which the people enpgaged in these fields might feel to be strained.

Ia most instances, liowever, the {roups seem to be -self-expianatory.

The data with regard to the various sub-fields, for the six high school
variables, are shown in Table 16. Because there was notlsgfficient room on the
table itself to spell out the various sub-fields included in each é? uping, the
croups are simply designated A, B, C, etc. Listed below are the syb-fields in-
¢luded in each of these letter-groups. The profile of‘each of these letter-
groups was plotted, and the profiles visually examined. It was found that, with
a few exceptions whiqﬁ will be discusseﬂ'later, there was very little variation
in form [rom one o1 the sub-iielas te/another, within the general groups shown
in Figures 4 and 5. The «raphs of the sub-fields are therefore omitted. The
sub-fields did vary to a siunifg#ant degree, however, in general height of pro-

fite. The arrangement ot the sub-fields in Table 16 is generally in the order
&) o E
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of the height of thése profiles, with haj¢r emphasis put on the test score
variable. This arrangement was not uniformly followed, however. . Within the
general bio-sciences group there are two sub-groups, agricultural and mghical
sciences, which are listed in that order because in the Doctorate Sufvey they

R N .
comprise recognized categories which are not further described here.

L Table 16 . ;
Abifzty Profiles’ on Six\High School Variables for PhD Sub-Fields
Field & GPA 1 GPA 2 GPA 3 GPA 4 Normalized Test
Sub-~Field Languages Soc. “St. Math - Science . Rank Score
Chemistry A L 67.5 68.5 1 68.4 70.2 69.5 66.9
' B C66.4 67.2 67.6 » 69.6 68.5 65.6

C 64. 1 65.7 65.1 6.3 65.8 63.4

Earth A 64. 1 64.2 64.0 65.8 65.6 66.0
Sciences” B 64.3 66.2 65.1 67.6 66.7 64.5
C 63.2 64. 3 62.6 64. 8 64.9 63.8

Bio- A 62.3 63.9 63.3 64.6 62.9 60.2
Sciences B 63.9 65.7 64.0 66.1 65.2 64,2
C 65.9 66.7 66.1 68.2 67.7 64.6

D 63.5 64. 4 62.8 65.6 65. 1 62.6

E 65.0 66.0 65.4 66.9 66.7 65.5

F 63.6 64 . 4 62.7 65.5"" 64.3 62.2

G 62.5 63.3 61.4° 64.7 63.5 62.3

H 63.2 64.3 62.1 64 .8 64.0 62.0

. ) b

ngzychology A 63.6 04,5 62.6 64.3 64.6 66.3
- R 64 L 642 62.7 63.7 65.3 66.5

¢ 63.0 63.7 60.8 2.8 63.7 64.9.

D 63.5 63.7 61.1 62. 9, 63.7 63.3

¢ \

Social’ A 64.9 66. 6 647 65.4 66.3 65.2
Sciences B 6.2 67. 64,2 . 64.8 66. 6 65.4
3 C 65.7 b7 .4 62.9 T 645 66.4 65.1
D 64.8 65.6 62.4 64.3 65.7 '63.8

E \64.8 65. 0 62.1 64.0 65.6 64. 5

Arts and A b3 67.4 64.0 65. 5 68.3 67.4
Prof's. B 677 67.5 66. 1 67.2 68. 0 67.5
C 66. 1 6.9 64.8 65.6°%: .  66.8 65.0

D 647 64 6 61.7 63.2 65.2 63.0

Education A ST 64 .3 642 66. 3 65.9 61.9
; B 635 640 61.0 62.8 62.7 59.%
C 62 .4 63.73 61.1 62.2 63.2 60.5
D f 2.8 63.6 60.9 62.1 63.0 62.0°

E ol.6 A28 L 60.1 61.2 61.6 60.0

F 61.9 62 v 1 60.9 62.1 61.8 60. 2

¢ (01 60, 59.2 59.8 #0.9 .- 58.1

L% ' v
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Jhe vnriousvfields, with the sdb-tiekd groupings shown in Table 16, are <

.given below with the fine fields included within each group. There are -no

llstings for m-othemotics, physics, :.nd engineering, because it was found that

” their sub- field profiles did not vary to & sta tistlcally sxgn1ficant degree.

Some of the other ficlds show sub- f1e1d profiles which-are ohly marg1na1 in \

gsignificonce.

they were included for such vailue as they might have. -

Chemistry

3

Ecrth
Sciences

Bio-
Sciences

‘Psychology

Social
Sciences

Arts and
Professions

Eduycation

A
B
C
A
B

o= g :EO"’JMUOU’}O

Qo> OO

Aw k- mg

However, wherever even marg1nally—signif1cant data appeared,

cnalyticcl, nuclear, theoretical ’
organic, inorganic, physical
agriculturzl, pharmaceutical, other and general

mineralogy, petrology, geo-chemistdy :

geo~physics, hggrology, geomorphology, meteorology, oceanography
structural geology, applied, other and general

stratigraphy, sedimentation, paleontology

agricdltural and raloted

medical sciences )

biochemistry

physiology, phﬂrmacology, pathology
biophysics, biometrics, ecology, genetics, other and general
botany and phytopathology

zoology and entomology

hydrobiology and mi\robiology

Ve
'.‘"'V

comparative, physiological, experlmental

industrial, personnel, personality, psychometrics, gocial, other
and general

clinical .

counseling, developmental, educational school

economics, econometrics, Btatht{CS

history -

geognaﬂwr political science 2nd public administration, o
infernational relations, other and general 2 |

-sociologpy .

vnthropo]ogy,frrcheology; socizl work

Enulish, foreign languages, llnguistic

philosophv, other and general i -

professionsl fieids (business administration, home economics,

law, journzliswm, library science, religion and theology)
crts ({ine ond applied art, music, speech -and drama)

science education

elementary education

second. rv eductation

{oundotions, educationnl psychology, measurement . LR
administr:tion nnd supetrviasion - B
guidance, couugeling, specch education, audio-visual aids
physicel educut}on '
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.physidallsciences

A few comments on sub-fields within each of the’ten general fields may be
im order. As mentioned earlier, the sub-field profiles within math, physics,
and engineering were essentially interchangeable. In chemistry, the sub-field
pfofiles are distinguished only in general elevation, being very similar in |
form. In the geo-sciences, it is doubtful that the profile variations have
much significance, but they are presented for examination. These fields are '
rather heterogeneous and Fhe numbers of cases are not large. The profiles of

the A and B groups crossé in a way that is typical of a rural-urban difference,

_but it was not feasible to explore this possibility within the limits of the

present study. |
..form vs. function?

Within the broad bio-science category, the égricultural sciences group had
in_general the loWwest profile, except in math and‘socialvstudies GPA's. The
biochemists were the highest on the achievement variables, but were exceeded on
aptitude by the very heterogeneous group D, which includes more interdieciplinary
elements than any of the others. This may give a clue as to the type of person
who tends to gn into the small, heterogeneous or_efierging fields. One way 1in
which the fields of biology can be grouped is of interest, as it shows a general
separation of level but no great variation in form of profile: those fields
which are concerned with basic processes and which involve the most quantita-
tive treatment of data are generally higher all across the board (and particu-
larly on math GPA) than are those w1th¢a major morphological orientation

[y

.social scientists

Within psychology, although four groups are presented, thereyare only two
profiles that are distinct. Groups A and B have very similar prpfiles, as do
groups C and D, the latter being separated mainly on measured ability. Al-
though direct evidence is lacking in the present study, the 1atter difference
is believed to parallel an urbanization distinction, the clinical psychologists
tending to come disproportionately from the largest metropolitan centers.
Aﬁong the other social sciences, the profiles run generally parallel, with
little crossing except for the economics-statistics group, which excels, within
the social sciences, on math and science, as might be expected. Groups D and E
are quite indistinguishable in high school ability profiles, and are presented

separately -chiefly because there were sufficient sociologists to have a stable

‘profile as a single group.

- ) /
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.arts and professions

Within the broad arts—humanities-profess ons group, the profiles are
distinguished mainly By wide vertical separatinﬂgb being little different in 3
form except {or a few anomalies in the case of the languagesflinguistics group.
This group is highest, as expected, on the laﬁguage GPA, and also exceeds
slightly the "philosoph/, other, and general” group on normalized- rank - The
latter is unexpected in view of the very poor showing of this group on mrth
and science GPA. To earn a higher over-all class_rank, they mu%t have taken
only a bare minimum of courses in math and science, and concentrated in areas
in which they earned the best grades. Within this verbalistic group, the for-
eign language majors 0erierally do somewhat better then the English majors, but

the profiles are ver} similar.

x v -7
>

"and I téught science and P. E..
"Education is the last major group. With the exception of the science

and elementary educat\on groups, the profiles are very similar in shape, and

are distinguished only \in general elevation--ih which respect variations are

‘substantial. The scienc ~education gyoup is outstanding amqﬁg the educators
in sciencevand math G?A, proxi@ating the doctorate pophlarion as a whole in
these two areas and #lso in Wormalized rank. The elementary education spe-
cialists lead the rest of th¢ field (except science education)lon all four
GPA' s, but drop below othey groups on normalized rank and test score. The
normalized rank being esse'tiafly a composite of the other four fields, this
‘requires some explanation. t seems most probable that it is an artifact of
the statistical procedure,-as this group may well come disprcportionately
frém small schools, perjffaps rutal, as suggested by the drop.ih test score.
‘A statistical artifact is produced in normalized rank in the case of very
small classes; within a.class of ten, .for example, the top student, however
brilliant, can earn a ﬂercenrile rank of>0nLy 95; in a class of five, a per-
centile rank of 90 would bedthe maximum possible The second student in a
class of ten would have a percentile rank of 85; the second of five a percen-
tile rank of 70. These four percentiles would convert, respectively, to
standard scores of 66, 63, 60,g55-—illustrating the effect where very small

classes are concerned.
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To summarize the discussion of field profiles, it may be said that there

‘are significsnt'differences in both form and elevation for the various general

qpctorate fields; the major separation on both form and elevation is in the
area of mathﬁand science achievement. The physical science fields are out-
standing,Aas expected, in math and science GPA's; they are also nutstandingf
in general profile elevation. Those fields which have the highest general

profiles are also the most homogeneous; the sub-field groupings attempted in

' this study showed no significant differences within the doctorate fields of

mathematics, physics, and engineering. Within the other fields, separations
in general 1eve1 were frequently observed, but only occasionally were the
shapes of the’profiies significant}y different within a major field category.'
There were hints as to the possible significance of choice of subject, and
avoldance of subjects in which students felt they would do poorly. All of
these factors will be examined in a somewhat different manner in the following
chapter, which will attempt to show in a quantitative fashion the degree of
separation that" is‘possible, taking all the high school data together in a
manner which optimally weights each element to permit a distinction between

those who later specialize in various doctorate disciplines.



CHAPTER VI MULTIVARIATE -ANALYSIS

The onjective of the multivariate analysis conducted in this study was
to state in an objective and duantitative form the degree to which people who
obtained degrees in the several doetorate fields could be distinguished.from
one another on the basis of high school data alone. Each item of available
information from the high school is correlated with the eventual choice of
doctorate field and with all other items of information. On the basis of
this matrix of inter-correlatione, those items which'Qiscriminate are sorted

out and optimally weighted to maximize the discrimination. Several different

methods are then available to exptess this discrimination in objective, quanttr
tative fashion. This chapter will describe the choice of cases for analysis,
provide a simplified (perhaps over-simplified) description of technique, sum-
marize the results df this analysis, and compare these results with those ob-

B " ~l

tained on the 1958 cases.

..by field and sex

The flrst decision was to analyze separately the men and the women, This
provides a more rigorous test of technique and ‘of the influence of ﬁigh school
data alone, as can be seen by the fact that separat{on on sex alone would.tend
to sort out the doctorate-holders by general field. There-aré"very few women
physicists, engineers, or geologists, relatively few chemists or mathematicians,
and considerably more women in the other fields. The next decision Qas to at-
tempt two ievels of separation:  the five generai fields, using both men and
women, but separately, and then the five fields of the physical sciences, using.
men only. These stages will permit maximum comparison with the field battern

data dedcribed in Chapter V.

strat1f1ed random selection
One of e requlrements of the multlvarlate analysis program employed here ,
was that co ete data be ava11ab1e on each case, This restriction e11minat&d '

a substantial proportlon of the cases which have been included in all the pre-

.ceding analyses. All of those that remained could have been used within the
field and sex categories deicribed in the preceding paragraph. ‘But it was
.deemed cumbersome and unnecessary to use them all, Rather, a selection tech-

nique was used to provide smaller but representative. samples. For»theffiVe B
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N
generdal fields, the male .sample had 200 men in each field: Fpe physical
sciences, blo-sciences, social sciences, arts and pfofessioné;*;;a education.
Within ‘each of these fields, selection Qas made on a stratified basis, to give
the spb~fie1ds representation in proportion to their occurrence in the general
doctorate population. Within sub-fields, selection was Sy a random-process.', .
Essentialiy the same procedure was used with the women dqctorate-h&ldéfs, but

.~ there were not enough of them to provide 200 for each field, so the analysis

' proceeded with the following numhers for each of the five fields, respectively: -
39, 101, 159, 144, 132, 1In the male saﬁple withfﬁ‘fhe physical sciences, the.
numbers were as follows: math 42, physics 74, chdﬁistry,ZOO, geo-sciences 33,
engineering 116. These are "in approximafély'the right propdrtions'for the g

years covered in’the present analysis. L

...random deviations 6n'abiiity‘meé§ﬁfes '
As must be expected when a smaller sample is drawn f:oml; parent populétion,

}gke ability profiles of the analysis samples were not exactly the same as for
-~ the total group. The deviations were within the bounds expected on a random
ad sampling basis, however,'and show the same chardcteristic paﬁtérns found on.
the total grdub and described in Chapter V. Table 17, below, giveé the stan-

dard score means of each sample on the six achievement and aptitudé variables

for which comparisons are available. Other measures used in the a;hlysis, but

for which comparative data are not availabl®; are here omitted as essentially

meaningless. although useful in the discriminant ana1§sis.

. -
Table 17

Means. on $ix variables, for Three Multivariate Analysis Samples

o GPA1 'GPA 2 GPA 3 GPA 4 Normalized Test
Sex and Field Languages Soc. St. Math  Science Rank Score

Men  Physical Sciences 66.4 66.9 68.2 69.7 69.0 66.0

' Bio-Sciences 61.8 63.3 60.9 64.3 63.4 61.2

Social Sciences 64.0 65.9 6l1.4 63.3 64.7 65.0

Arts & Prof's. 66. 1 65.6 62.9 63.9 66.4 65.8

‘Education R 60.7 . 61.9 58.4 61.0 61,4 59.5

Women Physical Sciences 71.6 70.2 71.1 ‘71.2 73.4 68.7

" Bio-Sciences 71.1 70.4 69.0 71.2 .71.9 68.0

Social Sciences 71.0 69.2 67.4 68.8 70.5 - 67.7

Arts & Prof's, 12.4 70.5  68.0  68.4 72.6 ' 67.5

Education 67.7 66.8 62.9 '63.3 66.9 61.5

. Men Mathematics 69.0 69.1. 71.0 70.6° 71.1 69.1

\ 3 Physics . 67.5 66.7  70.7.  70.7 69.6 68.3
' Chemistry 65.6 66.0 66.2 68.2 68.0 64.4
Geo-Sciences €3.4 66.1 61.9 64.1 64.5 64.8

Engineering 66.5 67.6 68.5 69.7 69. 1 65.1

Q ‘ ' x - - ‘
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_ ‘ ...options exercized indicate intevest
In addition to these standard six ability meaBures, cdunts were made of
the number of courses available but not taken in-each of the four areas repre-
g ent ed by GPA's in the foregoing table. " "There is some nnqertainty regérding
IWhe availability of\c\ourqcs in some of the cases; the schools were asked to
state whether courses listed on the form, but not taken by the student, were
available at the time the student was in school. In some cases this information
was provided by the school; in some instances it could be deduced from thea re-
‘cords of other students at that school for approximately the g@me time perlod
in some instances the information -om. avallabillty was missihg .4 To the extent
that the data aye. reliable, however, it is felt that they represent a measure
of, the dlrectlon of the student's 1ntegest and hence should be useful as a
supplement to the ability measures. 1In additlon to these measurek relating
to the‘student, three hlgh school measures were available, having to do with
size of graduating class;’pnblic vs. private control, and, within the private
sectof; church-related or not. It was these 13 heasures or categories that

formed the basis for the field discriminations described below. . L L

v

.

: - * . ’ 2 ~‘-' *
DU K ‘ ~ ...a swarm of bees in-discriminaﬁf space

To picture the results of a multivariate analysis, 1et(ns‘start By visual-~
izing a hive of béE ”sWafming”. They are in flight, centerea'around the queen
bee, but dxsporseg/out from this center in a’'wide envelope denser at the center
and'Sparsor toward the outer edges, with some strays far from the main swarm.
The queen bee in this analogy we will call the "group centroid". ‘The whole
swarm is analogous to the PhD's in one field of specialization. Now visualize

. . four other similar swarms all in the air at ‘the same time and partly 1nterm1xed
with each<other and the first swarm, but each’ tend1ng to cluster around its own
queen. The five qucens would be the five field-group centr01ds Although such

”é simultaneous swarming is a.most unlikely event in nature, the apalogy may
serve us well here. Suppose that we ;ere now..to classify the bees according to
their nearness to a given queen, whether their own or not. This would give us

N\ the analoéy to the classification of individuals accoring to their high school

/! data, We could then compare the results for the whole set of 1060;bees--or
PhD's. Each can now be designatéd by his own actual field and by the field to
which he is assigned on the basis of an optimally-weighted combination of scores

‘from the high school data.

ERIC o SRR U* o
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| b S ' L ...latitude, longitude altitude

The statistical proéedures of, the multivariate analysis £trst deScribe thezi. £

"discriminant spfce" in which the five hives of bees are swarming,..In.our-an- B

_° this case, one for the male PhD 8. in twe five general fields, one for the females,’

L4

alogj, these would be a.north-south?dimension and an east-westidimension;\like
the familiar map coordinates, and‘altitude; As it turns out, the swarné are
not §eparated much in altltude--none get very far from the ground. 'They ar'éj
spread gut more in a north-south direction than they are east- and-west about
two thirds of the discriminatioh’ can M be obtained by use of the north-south
separation alone, about one fourth by separating;on longitude,_and.leSs than
10% by altitude separatio:: Fikureié provides a twofdimensional map,\with the
group centroids (the queen bees) located apprOpriately. There are tw§ setsfin -‘2
On the map it will be noted that there;are d1fferent~latinude markings for the -~ 3
males and the females but one scale éuffices for differe iation of longitude. ;,*
The spread of the swarms of bses (PhD s). abour 4gyh of/;héi: group centroids )
will have to be 1mag1ned ‘from the further data describing ‘the ability of the" _.ﬂl‘,'
multivariate system to sort them out. A great deal of overlapping occurs, g
will be seen, ’ : '
. . ) v . «

: ) ...for the statistically sophisticated

In the description in this report we will limit ourselves to the non-
technical analogy, recognizing that to the Statiscically sophisticated'this
may.be:a somewhat unsatisfactory account, For a description pf the multivari-:

ate techniques involved, the reader is referred to Multivar1@te Procedures for

The Behavioral Sciences by William . Cooley and Paul R. Lohnks (Wiley, 1962). . i

For the statistical data of the present study, other than the. classification
matrices, which will be presented shertly, see Appendix F . We will introduce
only one term here, which will.be found useful later:. the'trace; This 1is an
index of the over-all discrimination between groups that is achieved by the

statistical analysis. "The sGuarce root of the trace is approximately equal in

significance to the mwultiple cox: celation in the more familiar regresslon analy—

B

sis, It will be-used in this citapter in this way to link these results w1th

those achieved in other studics by correlational methods, N i

{

P n



latitude a math;science dimension

.

\ LY ' - b’_. o
The. first dimen ion derived from the analysis of the 13 variables ahd their ﬂ;i‘ i
.felatwonship to the five general fieldsgis A hmth-science dimension as’ might,be':]i*iv
exﬁected from examina{ion of the fieldpprofilps in Chapter V. This dimension J {—\\<

© involves ability, as- shown by the GPA' 8, but includes also the thndency ‘tQ take .

N
’
?
¥

non-verbal obtaining higher marks’ 'in math and science subjects ihan -

" math and science courses when they are available and avoid optﬁonal schal

studies courses (too little challenge7) Persons high on this dimension aré

relativel

e
in nglish and foreign languages (It would not follow,that their English grades ~

vare joor ) This dimen31on is rather unrelated to intelligence test measures,

s‘which are chieflyvverbal It is a dimension which tends to distinguish the

<. people who, eventually choose one of the "hard ‘sciences" rather ‘than some other

field of‘gspec1alization.~ It accounts for about two thirds of the discrimina-
; tioniamong the five general-fields--more than twice as much as ddes the second

dimension,
: -
K T

.longitude , a verbal'dimension

The ‘'second dimension is a verbal one vand accounts for about one fourth of

»

the‘discriminant space. People scoring high on this dimension: do well on ‘the

' intelligenee‘tests in English and foreign languages and achieve relatively o
high standing in their graduating class, do relatively poorly in their sciengce . - s
courses, and avoid science where possible, concentrating on the more verbal sub- ;g?” d

v

v

jects. Interestingly enough, they do not avoid the math courses. There is some
tendency -for persons high on this dimension to come from private rather than
;nublic schools, particularly from the independent rather than'the church-related
ones. They tend to'eventually earn doctorates in the arts and humanities, are

rare in the bio-science and education fields.

IS

.altitude, an uncertain dimension
The third dimension is much less distinct‘in meaning. Its strongest
characteristics are that the people high on this dimension are low im science .
GPA, and tend to avoid science courses. This dimension is negatively related
'to test score. but positively related to normalized rank, positively to school
size, and is likely to be more characteristic of people in the arts and educa-
tion-fields, less characteristic of psychologists and social scientists.. This

is a weak dimension, in-addition to being somewhat indistinct in meaning. It

ERIC B - . bk c
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v Figure 6

A Statistical Map Locat:ing Five Field-Group Centroids in a-!rwo-Di.mensibnal Discrimimmt

Space, Scaled in Latitude fAr Separat:e Analyses for Men and for Women
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accounts for only about 7% to 8%.of the discrimination amorig the five general

>

' fields. There is also a very weak fourth dimension, which should not be taken.

seriously. as it accounts for less than 3% of the discrimination found., Four’
Y, :

-

dimensions (n-1) are the maximum possible in a situation with only five gtoups

.to be distinguished; this fourth dimension'probably has more "nmoise' than '"'sig- ’

nal" in its make-up, and will not be further discussed,

N v \\‘s : B N
: . ....and now to ’ort the bees

/We may turn now from the description of-the d1mensions of the discrlmlnant
space to our bee-swarm analogy and the problem of sorting thesbees accordlng
to any of various ,Systems. ~The objective 1s to assign as many bees as pessible
to their proper swarms solely by use of the data of: their latitude, long1tude

and altltude in relat1on to the group centroids, nd our knowledge of hOw the

vat1ous swarms are dlspersed around the centroids. Having made the classifica-

tlonu by whatever system we choose wefthen in effect, ask each bee what swarm

‘he really belongs to, and compare\our assignments with the actuality. The per-

\/;iygage of correct assignments we w{ll gall the "h1t rate",. As a point of re-
g erence in evaluating this hit rate, we,cén—recall that, with five equal groups

as in the five general fields with magfe doctorate-holders, we would achieve a

*20% hit rate by a random process glone. In the cases of the groups of unequal

o - ; :
size, the random-hit percentages would vary according to the relative frequencies

¥
of the scveral groups.

LN

...two geometric taxonomies
Actually, thére are several ways of assigning bees to a given classifica-
tion swarm ordPhD's to a given ''classification field". One could depend_solely .

on the distance: of each individual bee from the f1ve queens ‘or. group centroids,

Thls introduces a matter of metrics. We have three dimensions, but we can modify

the metric by introducing the concept of grpup dlsperslon and measure the dis-
tance Ld 'centours". This term is a combination of percentile and contour; the
latter adapted from the contour lines of a topographic map. 1If one is dealing
in three-dimensional space, as here the contour lines about the queen bees be-
come a ser’ies of envelopes. The elevatlon" between the enve10pes we would

measure in terms of the percentage of the swarm of bees, and hence term these

contour-envelopes centours, Each bee can be located in terms of the percantage

of bees farther from the queen than he is, This can be done for all five queens,

g
I
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: giving him five centour scores. We could then simply c¢lassify him in ter@s'of

‘the grod; in which he has the highest centour score, This is essentially the
technique of Method I, the results of which are showm in the ensuing tables..

Or we could get mote_sophisticated and take into consideration the relative
size of the five swarms and the closeness or looseness . of the dispersion of

the individuals about each centroid. This is the technique of Method II. As

will be seen, the results are somewheg different, depending on the circumstances
of the indivtdual analysis. Other techniques also could be developed but these N

will suffice for the purposes of the present report.

'Taple 18 .

'Multiple iminant Classification of Male PhD's in F1ve General Fields,
On thle Basis of High School Data, Using Two leferent Methods

/Method 1 d o Method II

. Fi Classification . Actual Field of Classification
Phy., Bio- Soc. Arts, Doctorate . Phy., Bio- Soc. Arts,
Sci, Sci, Sci. Prof. Educ, Field N Sci, Sci. Sci. Prof Educ.
118 26 2Ly 23 12 Phy. Sci. 200 145 24 13 131” 5, .
L2 46 52 31 20 51 Bio-Sci. 200 63 . 63 -, 23 16 3BT
32 200, 58 45 45  Soc.Sei. 200 48 . 37 54 35 1 26
32 10 42 85- 31 Arts,Prof, 200 * 48 18-~ 36 Y73 025
. 13 264 ° 24 41 98 Educ, 200 20 ad 22 35 29
. 241 132 - 176 216 237 Total 1000 324 186 148 172 170
"Hit Rate = 41,17% - : -+ Hit Rate = 41.4%

' The cases underlined in Tdble 18 are those which lie along the dlagonal and -
include those where the field of t1a551f1catlon and actual doctorate field are
the same. These are‘the "hits" and thelr total number dlvided by- the number of
cases in the whole table, gives the, hit rate. ~ In Table'18, although the men are
differently assigued by the/two methods, the over-all hit rake is essentially
the same for che. two methods. As another way of describing the amount of dis-
criminétion one may consider tire square root of the "trace'". It precedes and

.1€ not dependent upon the method of classification. In the case of the 1000

male PhD's in five geferal fields, Jtlacc = ,72. As mentio earlier, this

~can be considered the numerical qulvalent fof this of problem, of the

multiple correlation coefficient,
o

'l
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Table 19

On the Basis of High School Data, Using Two Different Me hgds

Multiple Discriminant Classification of Women—PhD s in Five‘GéﬁBfil FLelds

Method I + Method! 1T
Field of Classification Field of Classification
) Actual
Phy. Bio- Socd Aznts, . Doctorate . Phy-, ,,Bio-—; Soc. Arts,
"Sci, Sci. Sci.. Prof, Educ, Field N Sci. Sci. . Sci. Prof- Educ.~;
B Co . . A3 -
21 4 1 10 3 Phy.Sci. = 39 2 20 6 8 s
45 20 15 10 11 Bio-Sci. = 101 0 52 31 10 8
20 20 34 48 37 Soc. Sei.. 159 0 29 10 35 25
26 11 11 64 32 - Arts,Profl 144 1 22 41 51 23
13 10 11 22 76 Educ. 132 0. 16 27 18 71
125 65 72 ' 154 159 Total . 575 ‘ ‘139 - 175 128 130

Hit Rate = 37.4% Hit Rate = 43.8%

In the case of the women, there were only 575 cases,

rather than 1000

it will be recalled,

and they were not distributed uniformly'across all fields,

The same general dimensions of discrimination Were found, aS’shown in Figure 6,
and the general level of - discrimination was found to be- very s1mi1ar; theNrtrace
. was The ,same

computed at .68, rathex than , 72 the ‘oves- aL{\index for. the men.

.

tWo'methods of clas31f1cation were- employed but,

e ?he

as might be expected because

numbers of cases in the several fields were unequal the results of ‘the twod’

s
. !

methods are not quite the same, Method II, which takes into account the fact

of unequal numbers and group d1spers1ons, ptoves to be .a bit superior as shown
<ein Table 19. s
: v _ \ _ : L
v _ - ~ D _+..for men only ‘
’ The«third analysis concerned the shrei;out of the physical sc1ence field

into its five component fields of mathematics physics chemistry, geo»sc1ences

and engineerihg. 1In this case, as might be. expected ‘Because the - group is mof@
homogeneous the discrimination is less effective. The\[trace is only 60, |

small but’ probably reliable difference which .can be attributed to the fact that
weﬁare shoot1ng at a

ewhat smaller target. The classification matrices for

the ‘physical sciences grou are shown in Tablé 20.

,_ -

~J




N

.-

S, o . - 59 -

Table 20

‘Multiple Discriminant Classification of Men in Physical Sciences
Into Sub- Fields on the Basis of High School Data o

Method ‘1 N . Method II
_Field of Classification 7~ CActual F&eld of Classification
o Doctorate - o T
Math Phys. Chem. Geo-S. Engin. Field N''Math Phys. Chem. Geo-S. ~Engin.
10 15 4 3 10  Math 42. .2 6 21 .1 12;q
9 29 . 1 8 17 Physics 74 0 "13 35 1 25 7
s 13~ 33 + 18 41 - 33 Chem.. 200 O 11 160 6"vf'23
2 2 3 19 -7 Geo-S, 33 0 0 21 8. 4
10 29 14 19 44  Engin. 116 2 5 60 % 45
46 108 110 .90 111 Total 465 &4 35 297 '20 #109
> Hit Rate = 38.7% . _Hit Rate =.49.0% -
-. : ! ‘ . . . . N
S It may seem paradoxical that the highest hit rdate is achieved in the case

where the over-all discriminatidn is 10west This is. achieved, however by

Method II, which takes advantage of the extraordinary concentration in the field
of chemiBtry. Actually,.an arbitrary assignment of all cases to chemistry would
achieve a hit rate of 200/465, or 43% in this particular instance. The hit raté. *
is thus not an unambiguous method of evaluation of a classification system when

the numbers of cases in the categories to be d;sfinguished are widely different

o

\
. . l’ 2 . ...a discriminant suﬁmary ’
The‘quantitative evaluation of the degree tQ which doctorate-holders Gan
be separated into_ their eventual fields_ofVSpeciE)ization on the basis of high
school data alone has‘been shown by ;everal indices, We may conslder the over-

all index, Jtrace as being the most coOnvenient summarilstatistic. It ranges

(:from 60 to. 72 values which some statisticians equate with multiple corfkla-

“tiam coefficients of the same magnitude. Or one may consider the "hit rate"

P -:w .

when theﬁcases are classified into five groups on the basis of the high school

data alone.ftﬁn general the latter method gives about 40% correct classifica-

t

tion--abOut twice as many as would be achieved by a purely random method where

the five(tategories are equal in size. This is about the same as was found

- pteviously for the 1958 doctorate- holders In that case however;’%eparate

analyses by sex were not attempted In the present case%gg’ditional data in’
the form\of language and social studies GPA's were available As a conse- )
quence, it may be said that the additional data has helped the discrimination

but perhaos only marginally so.

.

bi
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“srriking anJilfy differcnses 2vpear, vaen the verious doctoratz it

- B0 - . _ hd

,- .. CHAPTER VI1 CONCLUSIONS |

R

Désplee the massive' an -ease in doctorate production, there has beep no
measurable chaage in ability level of the PhD's, (p. 26)

3

. The ‘doctorate-holders ave, or the average, 1 1/2 stangard deviations above

the mean of the géﬁbralvpﬁpplation'{n measured abiliry, (p.725)

\

1A random sawp‘L~“} the ng& graduatin9 in the same classes asithé“doctorate-

¥
ho'1 w5 scored Siightly | Lowep\.han their male counterparts oq standardizav

:reqLo,,ﬁﬁL,aghmthu buL¢e:‘gxddes‘ partxﬂularxy 1n v;rbal:st:c aubjecn

e ,_-‘/f'; ) . L ’
BINERE | S RPFE & R
. REYE RN Lo .
L . .. e 5

) B e e S ] ’ )
Wonien doctorata~noluvrs.a~“;stGKLOr to their male counterparts on all mza-

9

suEQS‘derivqg Frow higl school records, in all fields of cpecialization.
. ™ .
These whe were married sc the time they achieved the doctorate -are superior

to their gpinster colizapgucs, (pp.sgz—32), S

Among the male PP- &, vhose who were single at the time of doctorate gradua~- .

Lior were supurior in high school.io g%eir Colleagues who were mdf%ied at

Lhe time chey weceived the docroratc, 'hl"ﬁﬁ probably because oUpe“io* s
v . . . to T
stadeats cofmplete the dagreesat 2 gounzed age, and honre havb a lower marriaga‘
rate. (7)2:, ’_,70 }')'\’ ' ] . v .
’ %

Revicpar dirdcrences oo

S -
oyt At ) Iyl T ’.'{[_"""3'\’“ @J ;‘h sen 33.‘ cLa: r.a.e‘ (t‘ /ﬁ
. - . '3
~ . - N
| . 3 -~ : . o e " ‘R ,l' i .." :
Vel soares Were Dlana Ll R lor“nﬂavl,llcwest ﬁﬁ,tne ow Lo P 365
AN . : N .
. - , .- .

Maasured aoility by scheol type shows che same hierarchy fovr doctoraces

P )
holders (p. 37) and cheiv non-doctorata cigssmazes (§b.18-19); ingdepaden
schoots awo hignoest, denoeminaft Olal‘ cho cls jotermediate, and putlic schools
towesi, altheough regionsl varjatzons arz evideni, (p. 385 “

-

. :
dsars com-

A.a

4

pared, (p. ;9 Tha "hy

are highest in a'l fieids except langiage. |

achivvemens, whers Dy s oonly By "r's~bu1.ﬂitfﬁﬁ mziors, This

- - . . . . B 1 L . . -~ N - \ L
Fleld hrerarery 19 wesentrally cthoe sgme as that shown by tte égvlier atud ot}
Tl
| ) '
be -




the doctorate recipients of 1958, Wipﬁiﬁ the sciences, math and physi¢s -
vie for first place, followed by engineerihg, chemistry, geology, and bio-
sciénces, in that order, when general level of the profile is considered,

(p. 40) |

T

® Outside the natural sciencés} the humanities are highest, followed by the

ﬁocial sciences, psychology, and education, in general profile level, (p. 41)

;. no - )
~® Pattern or shape of profile in high school achievement and aptitude also

differentiates-the fields, even such similar fields as mathematics and

physics;' Two general types appear: those high ir math and science GPA,

and those peiitively low in_these subjects (math: physics, éhemistry and

engineering are in the first group; all other fields in the second). (p. 40)

® Within these two general types, differences are usually where they would be
expected: mathematicians have their higheét score in math GPA; all natural
science fields 'n science GFPA; arts- humanltles’maJors have their highest
score in languages; social sc1entlsts in soc1afﬂstud1es—-and psﬂﬁhologlsts
in aptitude Cests!
3RS L i )
® Sub-fields within the ten general fields are sometimes clearly dlfferentiated
by general level of profile, seldpm by shape Jﬁ.proflle although a few not-

_able exceptions to this rule were found. (pp. &44-48)

® Multiple discriminggt analysis permits the extraction of dimensions of the
high school data by which about two out of five doctorate-holders can be
correctly classified into their eventual field of ‘octorate, using high
“school data alone, in a situation where one out of five would be correctly

.Q;? ;,,élassified by a,réndum procgss_. (pp. 50-59)

. M
s was collected in the cou&se of this study, but remains

- .
awditing further investigation,
: . -

Sy
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Bibliography of High School Studies by OSP
And Related Scientific Manpower Reports

X

. .Field of Doctorate.3pecialization as a Punctioff of Size of High School

Graduating Class, by L. R. Harmon, Science, 27 November 1959.

.’High School Backgrounds of Science Doctorates, by L. R. Harmon,

<1

Science, 10 March 1961.-
# &
On Decision-Making in High School’ by L. R. Harmon, The Bulletin’ of

the National Association of Secondary School Principals, November 1962
B = . &

\5

. A Multiple Discriminant Analysis of "the High School Backgrgynd Data f@r

the Doctorates of 1958. Scientific Manpower Report # to the Nationgg
Science Foundation, by L. R. Harmon, 4 December 1964.

\A" :

..Doctorate Production in United States Universities, 1920-1962, with

Baccalaureate Origins of Doctorates in Sciences, Arts, and Professions.
NAS—NRC~Publication@fllAZ. By L. R. Harmon and Herbert Soldz. 1963.

The Science Doctorates of 1958 and 1959: Their Numbers, Characteristics,
and_Emplpyment.\ NSF;Publication 60-60. 1960.

~

. .Background and Experlence Patterns of the Doctorates of 1962, by L. R.

Harmon. Scientific Manpower Report #5 to the National Science Foun-
dation, 18 January 1965. .
!

Profiles of PhD's in the Sciences. Summary keport on Follow-up of
Doctorate Cohorts 1935-1960. Career Patterns Report #1 to “thé National
© Institutes of Health NAS-NRC Publicarion #1293, by L. R. Harmon. 1965.
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‘ Appendix A

Doctorate-Holders in Analysis Sample, by Type of School, Region, and Size of Graduating Class
' Total, All School Types ’ '

) Region of * Total, : - Size of Graduating Class .
‘. High School All Sizes 1-9 | 10-19 20-39  40-59 . 60-99 100-199 200-499 500 & up
| TOTAL, ALL N | zeasn 233 a7C 2320 1360 2450 3995 6010 2552
~-| REGIONS . % | 100.C 1.1 4.7 Il.e 9.1 12.2 19.5 29. . 12.5
B ' : Y
\
New B 1676 16 54 17¢ 155 213 377 526 166
England %) oo 1.C % 10 4 % 9.2 12.7 22.2 31.4 9.9
Middle N| 5425 e 127 3606 370 555 1100 1768 1168"
| Atlantic % ] 100.9 .5 2.7 6.7 5.5 - 10.3 20.3 32.6 21.%
7 . ; Coe . '
East North N | 4270 27 Lol 4i) 371 203 863 1441 452
. Cengral % | 100.C .o ha? 1943 a7 11.8  20.z 33.7 g 10,6
r - ) ' " |
. West North N 2323 59 716 % 299 307 408 460 126
‘~w§;ncra1 %] 100.0 |, 2.5 R 19.3 12,9 13.2 17.6 15.8 5.4
45 _ 3 :
#South N 1705 269 211 243 5 443 88
B4 Atlantic % | 1000 is 35.8 L 12.4 0 ,14.3 h2 26,0 5.2
q- : : - .
2 il o | ;’&
East South N| L 2R » 169 121A'w 139 142 132 20
“Central % | lanlo 20.5 14.7, % 16,9 - 17.2 16.0 2.4
. 4 S ~ ’ -
Weéc‘Sodih; ﬁfﬁa;}sl?{sﬁj_ , 251 171 198 240 272 971
. Cewéral Co% L L00kEB i 2 : 17,2 2.6 14,4 17 .4 19.7 7.0
B ’ ‘ 5,5‘;{’ . {139’77 : LT Gy, iOl 33 131 ‘( 161 202 132
PrPA poo ) o
( Mnuntain?t S L1200 1.6 &3 1155 944 14.9 18.3 22.9 15.0
! Pjifi N '5%545 e 61 111 129 197 - 364 766 © 303
|- Pacific g |l 1.2 24h 5.7 Ge6 10.1 18.7 39.4 15.6
Public Schools
; ~
TOTAL, ALL N o170t 1o 7R 1684 1369 1983 3431 5710 2516
REGIONS Tl 1000 L. w 5.6 7.8 11.3 19.5 32,4 14.3
New N Lio: - 11 2o 73 74 106 262 448 163
England % 1100 .0 .5 R Bt 6ot 9.1 22.5 38, 5%, 1410
1 Middle s N | 45az 1. 1 185 166 392 939 1680 1145
Atlantic 7| 1o .2 b2 R 3.6 8.6 20.5. 36,17 25.0
East North NOboarar o s 334 289 < 409 717 1340 446
Central % | t00.0 3 hae 9.1 7.8 11.0 19.2 36.2 12.0
r | West North N | vocw g 100 370 248 214, 363 447 125
Central % |100.0 2. 0,2 17.9 12.0 13.2 17.6 21.6 6.0
South N | 1478 ° 61 203 160 203 312 439 88
Atlantic % {100.0 .8 4.1 13.7 10.8 13.7 21.1 29.7 6.0
East South N 717 1l 65 134. .- 107 119, 133 - 128 20
" Central % |100.0 1.5 9.1 % 16.6 ' 18.5 17.9 . 2.8
West South Nt 1271 e 23 109 _ .. 184 215 267 97
Central % |100.0 1.8 8.6 17,2 12,6 14.5 1649 210 7.6
o .
M { N 838 L6 51 89 13 127 154 199 130
ountaln % %]100.0 a8 6.1 10+ 6 8.7 15,2 18.4 23.7 - 15.5
S . W
51 N | 1770 15 Co3l 69. " 95 16§ 336 753 302
Paclfic % |100.0 .8” 1.8% 3.9 5.4 19.0  42.5 17.1
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Appendix A, Continued

»

Doctorate-Holders in Analysis Sample, by Type of School, Regiomn, and Size of Graduating Class

Denominational Schools

P

Regidn of Total, .
High School All Sizes 1-9 10-19 20-39 40-59 . 60-99 100-199 200-499 500 & up
TOTAL, ALL N 1641 40 130 399 314 318 409 223 28
REGIONS %1 100.0 2al 7.0 21.4 16.9 17.1 22.0 12.0 1.5
New N 175 11 35 31 40 33 22 1
England %21 100.0 1.1 6.3 20.0 17.7 22.9 18.9 12.6 b
Middle N L0 7 33 105 101 112 125 79 22
Atlantic % 10U L0 1.2 5.7 1.0 17.3 19.2 21.4 135 3.8
433 A 16 69 59 72 125 85 3
East North N ~ . K
Central 9 100 .0 .9 3.7 15.9 13.6 l16.6 28.9 19.6
© o ong ' 20 5 39 22 43 &
West North N N o o
Central q 100.0 L a .2 .0 19.1 10.8 21.1
’ 147 1 14 44 31 24 25
South N . .
Atlantic‘ g | 100.0 .7 10, 307 21. 1643 17.0
' 70 5 14 22 8 10 7 &' j
East South N .
. . 5.7
Central. . 4 1 100.0 7.1 20.0 31.4 1.4 .14 3 10.0 ,
27 a 6 24 11 10 Y23 "5
West South N N 5 .
Central 7 100 .0 9.2 6.0 27.6 12.6 11.5 26 .4 5.7
N 5 9 . 8 3 & w2 1
Mountain 7 100 .0 15.6 2r.1 25.0 9.4 12.5 . $s3" 304
: ‘ “ . . ' : ’
N 129 5 9 28 26 25 fee 12 '
Pacific » 100 .0 3.9 7.0 21.7 20.2 19.4 18.6 9.3
A , ‘
Independent Schools “ ) R
At 2 965 _@?4 ' ~ 247 177 189 155 LI
g 100.0 x5 @l 25.6 18,3 19.6 16.1 8.0 .8
New . 1;‘ 338 3 17 66 50 67 77 56 >
Englan =1 100.0 .9 5.0 19.5 14.8 15.8 22.8 16.6 . .6
Middle N 262 g 28 72 53 55 36 9 -1
Atlantic 7o 100 .0 3.1 10.7 27.5 . 20.2 21.0 13.7 3.4 "
Fast North F 110 2 7 34 >3 22 21 - 3
+ Central % 100.0 le7 5.9 28.6 19.3 . 18.5 17.6 5.9 25
West "North ‘N 51 6 19 2 .
Central % 100 .0 11.8 37,3 ' 3.9 . 2.0 - ’
South B A0 3 13 18 20 6 = Tvg L
Atlantic 100 .0 3.8 16.3 22.5 25.0 20,0 10.0 2.5
East South N 37 1 5 13 v . 6 10 i >
Central 2. | 100.0 2.7 13.5 35,1 16.2 27.0 5.4
West South N 020‘ 2 1 a8 3 4 >
Central %21 tno.o 10.0 5.0 40.0 15.0 20.0 10,0
Mountain ‘/‘ 172 | 3 2 1 3 1 1
o 1 100.0 3.3 25.0 16.7 8.3 25.0 8.3 B.3
Pacific N AN C 4 11 14 8 3 4 i 1
% | 100.0 " 8.7 23.9 30.4 17.4 6.5 8.7 2.2 242

O
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Appendix B

Classmat¢s by Decile, by Region: Final Analysis Sample

" ) o~ ,. . ' R
. Percentile Rank _ L
| All | o- 10- 20- ,30- 40- |50- 60- 70- ~-80- 90-
- Reglon | panks| 9 19 29 39 49 | 59 69 79 89 100 |-

~TOTAL, ALL N | 10831| 1022 1038 1080 1101 1176 | 1166 1107 1081 1038 1022
- REGIONS % | 100.0 9.4 9.6 10.0 10.2 10.9]10.8 10.2 1.0 9.6 9.4

INew N 1033] 104" 95 109 110 96| 104 110 I09 100 - 96
England % | 100.0{ 10.1 9.2 10.6 10.6 9.3[10.1 10.6 10.6 " 9.7 9.3

Middle . N 2995 | 266 300 298 312 320 | 323 312 298 300 266
Atlantic % 100.0| 8.9 10.0 9.9 10.4 10.7|10.8 10.4 9.9 10.0 8.9

‘East North N 8821 270 265 303 285 310 319 285 7 303 265 277
Central - % |- 100.0| 9.4 9.2 10.5. 9.9 10.8|11.1 9.9 10.5 9,2 9.6

West North. N 1290 | 144 112 121 -1l46 146 | 134 112 118,
Gentral % | 100.0411.2 8.7 9.4, 11.3 11.3}10.4 L. BT

South N 7851 86 "5 77 6807 - 70 97| 86
Atlantic % | 100.0{i1.0 9.8 8.7 8.9 12.4|11.0

N
et

9.8

b [0S i 8
80

East South N 235 19 .33 .21 v41 21 28
Centralt % 100.0} 8.1 1.0 8.9 8.9 8.9]|Lll.9

West South N ss6 | 46 54 60 54 65| 53 _
Central % 100.0| 8.3 9.7 10.8 9.7 1lL.7| 9.5 10.3
"Mountain N 382 25 47 26 43 42 47 43 35 40 34

% 100.0 | 6.5 12.3 6.8 11.3 11.0}12.3 11.3 9.2 10.5 8.9

Pacific N 6731 62 55 74 60 79| 2 ..,68 65 66 72
% | 100.0| 9.2 8.2 11.0 8.9 11.7(10.7 ,10.6- 9.7 9.8 10.7




Appendix C -

Grade Pgint Average Conversion Chart 1: Language and Social Ftudies

.

GPA 1: Languages _1r : GPA Z: Social Studies
_Ptandard Scexe Standacd Score
' Origina). ‘ ' . , "1} original
GPA ) 4 6 1 oe i epa .0 2 A .6 .8
89 76.2  7€.3 76,4 76.6 76.7 U1 &9 6.3 4.4 74.6 74,7 74.81%
88 /5.6 75.7 75.8  75.9 76.1 88 73.7 73.8  74.0 741 74.2
.87 75.0  75:1  75.2  75.3  75.5 87 73.0  73.24 734 73.5 73.6
86 74.3 WS 74.6 0 4.7 4.8 26 72.5 72.6 72.8 72.9 73.0
45 73.7 73.9 14,0, 74.4 0 74,2 |t 85 71.9 72,1 72.2  72.3  72.4
8a 73.1. 73.2 0 73,4 73.5 73.6 84 71.3 71,5 71.6 71,7 71.8}
83 72.5° 72,6 72.7  72.9 73.0 83 ‘.70‘7 70.9 71,0 71,1 71.2
8 /L9 72,00 72z201 72,3 72.4 4] &2. ! 70,1 70,3 70.4 70.5 70,6
8l /0.3 74 715 7160 718 |81 1U69.5. 69.7 “69.8  ©69.9  70.0
80 75.7 706,86 70,9  71.0  7L.L 1% 80 69.0  69.1 65.2  069.3  6¥.4
79 { 76.0  70.2  70.3  70.4  70.5 79 63.4 68.5 68.6 68.7 68.8
P78 894 69,5 ©9.7  69.8 69.9 78 ’ 67.8 67.9 68.0 68.1 68.2
77 68.8  68.9  59.1 69,2 69.3 77 V1 e7:2 " 67.3 . 67.4 61,5 67.6
76 68.2  68.3 €8.4 05.6  68.7 76 66.6 66.7 ©6.8 66.9 " 67.0
Y 75 67.6  67.7 67.8 .68.0 68.1L. 1| 75 6.6 66.1 6.2 €6.3  66.4 L
750 e7.0 671 K7.2 673 67.5%) 74 | 65.4  65.5 65.6  65. 65.9
73 1 66.4  66.5  66.6  66.7  66.8 73 64.8  64.9  65.0 65.1 55.3
i2 65.7  65.9  56.0 66,1 &6,2 72 64.2  o4.3 644 H4L.H O4.7
7L 3 05.1 0 55,2 65.4. 65.5  6S5.6°|1 7L £3.6 62,7 63.3 63.9 64,1
70§ 64.5  H4.6 64.8  64.9  65.0 70 63.0 63.1  53.2 63,3 63.%
69 3.9 840 T64.l B4L3 644 69 6224 62,5 62,6 62.8 62,9
58 *, 63.3  63.4  63.5 03.6  063.8 {1 68 | 61.8. 61.9 62.0 6:.2 62.3
57 % 62,7 62.83 62,9 03.6  63.2 7 #1.2 61,3 Bl.6  61.6 61.7
60 E 62.G6 62, 62.3  82.4  62.5 56 K/60'6 0.7 60.8 61.0 6l.1
65 6l.4  €l.h HL.7 61,8  6HL.0 | 65 60.0  60.1 060.2 €0.4° 50.5
64 f 0.8 60.9 6l.1L .61.2 61.3 I 64 \§§J4 59.5  59.7  59.8  59.9;
63 60.2  B0.3  60.4 60.6  60.7 ; 63 56.8° 58.9 59,1 59.2  56.3
52 534~ 59.7  59.8  60.0 60.1 |] 62 58.2  58.3 53.5 58.6 58.7
61 159.0 59.1 55,2 55.3 59.5 11 61 57.6  57.7 57.9 58,0 58.1
60 58.4  58.5  58.6 58.7  58.8 60 57.0 57.2  57.3 'S57.4 57.5
54 57.7  57.9  58.0 58.1 §8.2 59 1 56.4  56.6 56,7 .S¥.8  56.9
58 57.1 57.2 57.4  57.%  57.6 !3 58 55.8  56.0 56,1 56.2. 55.3
57 56.5  56.6 36.8 56,9 57,0 ' 57 55.2  55.4 53,5 85.6 55.7
56 55.9  56.0  S6.1 56,3 56.4 {1 56 54.6  54.8 54.9 55,0 55.1
55 .1 55,2 55.4 55,5  'S5.6 55.3;Jl/55 54.1  534.2 54,3 54,4 545
34 Y47 54.8  54.9  55.0  55.2711 54 53.5 53.6  53.7 53.8 53.9
53 %1 54.1 54.2 ¢ 54,3 54.4 54.5 ‘ 53 52.9  53.0 53.1 53,2  53.3
52,1 53.4 53.6-Y 53.7 53.8 53.9 lf =52 52.3  52.4 52,5 52,6 52.7
51 §°52.8 52.9 _53% 53.2 53.3,f 51 51.7 531.8 51.9 52,0 . 52.1
50 K#52:2. 52.3  52.5 52,6 52.7i 5¢ 51,1 51.2 51.3 5ri%  SL.5
i
}5;.
K L e i




~ Appendix C, Continued

S

Rk

’ Grade Paint Average Conyersionthart 2: Math4éndlsciencé;

7o

N PP -GPA 3: Math GPA 4: Science = |
N Standard Score Standard Score ‘
L ; o - ’ v
g 'Original * Or}f_gin;- . e h
GPA .0 2 b .6 .8 <;1>zx.,.,j6 .0 2 b .6 .8
89 7.1 4.2 74.4 145 74,6 )-89 | 4.8 749 75.0 © 75.1  75.2
88 73.6  73.7 73.8 73.9 74.0 83 2 747 744 745 - 74,6
87 73.1  73.2  73.3- 73.4 73.5 87 ;a6 73, 73.8 74,0 74.1
86 72,5 72,6 72,7 72,8 .73.0 86 73.6 7% . 73.3  73.4 73.5
85 |.72.0 .72.1 72,2 7273 72.4 85 72.5 2.6 72,7 72.8 L
84 |-7r.4 716 71.7.- 718  71.9 8& | 7kL.9 72,0 72.1 72.2 72.!*
83 | 70:9 71.0 . 71,1 71.2 71.3 83 4 71.3 71.4 71,6 7L.7 71.8
82 [ 70,4 70.5 70%° 70.7 70.8 82 0.8 70.9 71.0 71i.1 - 71.2
81 69.8 69.9 70.0 70.2 70.3 81 70.2  70.3 70.4 70.5 70.6
80 69.3 69.4 69.5 69.6 69,7 80 69.6 69.7 ~ 69.8 70.0 70.1
79 68.8 68.9 69.0 69.1 69.2 79 69.0  69.2 3‘69.3 69.4 69.5
78 68.2 68.3 68.4 68.5 68.6 78 68.5 = 68.6 68.7 68.8 .68.9
‘77 67.7 67.8 67.9 68.0 68.1 77 67.9 68.00 68.1 68.2 ' 68.4
76 67.1 67.2 67.4 67.5 67.6 76 67.3 67.4 67.6 67.7 67.8
75 66.6 66.7 66.8 56,9 67.0 75 66.8 66.9 67.0 67.1 67.2
74 66.1 66.2 066.3 66.4 66.5 74 | 66.2 66.3 66.4 66.5 66.6
* 73 65.5 65.6 65.7 65.8 ' 65.9 73 65.6 65.7 65.8 66.0 66.1
72 65.0 65.Y¥ 65.2 65.3 - 65.4 72 | 65.1 65.2- 65.3 65.4 65.5
71 64.4 64,5 64.7 64.8  64.9 71 }.64.5 64:6 64.7 -64.8 64.9
70 63.9 64.0 64.1 64.2 64.3 70 63.9 64.0 64,1 64.3 64.4
69 63.4 63.5 63.6 63.7 €3.8 69 63.3 63.5 63.6 63.7 63.8
68 62.8 62.9 63.0 063.1 63.3 68 62.8 62,9 63.0 63.1 63.2
67 62.3 62,4 62.5 62.6 6%.7 67 62.2 62.3 62.4 62,5 62.7
66 61.7 61.9° 62.0 62.1 62.2 f 66 61.6 61.7 61.9 62.0 62.1
65 61.2 61.3 6i.4 61.5 61.6 Y 65 61.1 61.2 61.3 61.4 61.5
64 60.7 60.8 60.9 6L.c 61.1 A 60.5 60.6 60.7 60.8 60.9
63 60.1 60.2 60.3 60.5 60,6 63 59.9 60.0 60.1 60.3 60.4
62 59.6  59.7 - 59.8 59.9 60.0 62 59.3 59.5 59.6 -59.7  59.8
61 59.0 59.2 59.3  59.4 " 59.5 61 58.8 58.9 59.0 59.1 59.2
60 58.5 58.6 58.7 58.8 58.9 60 58.2 58.3 538.4 58.5 58.7
59 58.0 58.1 58.2 58.3 58.% 59 57.6 57.7 . 57.9 '58.0 58.1
s8¢ | s57.4 57.5 57,6 57.8 S57.9 58 57.1 57.2 57.3 57.4 57.5
.57 56.9 57.0 57.1 57.2 57.3 57 | 56.5 '56.6 56.7 56.8 56.9
56 56.4 56.5 56.6 56.7 56.8 56 }.55.9 56.0 56.1 56.3 56.4
55 55.8 55.9 56.0 56.1L 56,2 55 55.3 55.5 55.6 55.7. 55.8
54 } 55.3 55.4 55.5 55.6. 55.7 54 5.8 54.9 55.0 55.1 55.2
53 54.7 54.8 55.0 55.1  55.2 53 54,2 54.3  54.4 54,5 54.7
52 54.2 - 54.3  54.4  54.5 54,6 \gz 53,6 53.7 53.9 54.0 54.1
51 53.7 53.8 53.9 54.0 54.1 51 53.1 53.2 53.3 53.4 53.5
50 | 53.1 53.2  53.3 53.4 5@;1_ﬂ50 52,5 © 52.6 52.7 52.8 52.9%kw
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NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCP? COUNCIL ' \

Yinl CONSTITU TION AVENT FL W ASHINGTOW 25. D (€

OFFICE OF SCIENTIFIC PERSONNEL

To the Principal of the High School

.

Dear Sir:

In 1960 the National Academy of Sclences--National Research Council condicted”
a study of the high school backgrounds of the people who received third-level -
research degrees (not MD, DDS, or DVM) from United States universities in 1958. - -
The response to our vequest for information at that time was almost universal,
and was deeply appreciated. We are now undertaking a similar study of the
doctorate graduates of 1959-1962, inclusive, You are to be congratulated on
having four of your alumni in this group, T

. s

These doctorate-holders are named on the enclosed forms, which list their
degrees and fields of specialization. We would like to secure, on a confidential
basis, certain information about these aduates, from your high Sﬁgool records{
for a research study now under way. e would also like to secure C rresponddng -
information regarding a classmare of each of these doctorate-holders, selegted .-
as indicated below. " e

The person whose record we wish to obtain on the reverse side of the doptorate~-
holder's form is to be the one ALPHABETICALLY NEXT AFTER the doctorate-holdef. The:
on%& exception is- where the doctorate-holder is himself the last person in the class,
alphabetically. In this case, the person alphabetically next before him is to be
chosen, These rules hold even where the person so chosen is himself one of the
other doctorate-hclders, 1In that case, this fact may be shown as indicated on the
form, . . '

In addition to the doctorate-hoiders for the 1959-62 period, our files include
those who obtained doctorate degrees during 1957 and 1958; if there were ary such
graduates from your school, they are indicated on an enclosed roster, Because of
our interest in the origins of chese people, we should like to have information
with respect to the community (the town, city or other political division) in which
the school is located, and the school itself, as of the time when these peoplie were
in attendance. This information is requested {u part on one side of the form, and
in part on the other side, along with data for the classmate of the doctorate-holder,

! “

You may be assured that any information you provide will be kept strictl:
confidental and will be used only for statistical analyses of grcups of pedple
and categories of schools, The enclosed reprints Indicate some of the uses to
which we put information provided by our previous study. We hope that these
reports will be of interest to you.

Thanks for your cooperation, C -

4 Lindsey R,
Director of Research

£ ) Very &xuly yours,
’. \ @ ! , ' r
. -
. A " : -~
e :n
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-

(22

.
,'Docforajte Data und High School Backgrounds Form (SIDE ONE)
. @’ B
Df» ‘ way korn in e graduated from High School
; . i é
'"\.\ g [ took a bachelors degiee in in
. A N - serial number
at and a doctosate in at n
Regarding this person, wa should like to have the following information from his (or her}) high school rocords, if available:
GRADES IN - HIGH SCHOOL COURSES' Note a!l threa points Lelow @ ACADEMIC RANK (cointing trom tha fop of the cls, a4, 5th of 183}
® Please check the - |eft géadaes earned by thiy person  If numaerical . ’
gredes were used, 1ee numerical scaler at the bottom of the page.® This stucent was __ _____ ___ from the :op of a <law of. o
Otherwise ignore numaerical 1cales (3" 38 ' ELERH]
. . L L ) SCORES ON INTELLIGENCE TESTS ({list most recent test first) Coding
_® !l more then one grade wai givei for ony wbject listed check () Natne of Column
once for eech grade awarded Do Not
fost B T B T <. o TTTTTTTTTTTT U] Write in
® I any course listed was not offared when this student way 10 school, Dato of swl'é This
. PR . — e test - N or P [
:h.:l 'h'l: first 'column indicating LEITER GRADES COURSE, COOING| Namu of Space
s vail — | wor ipo NoTl
o F ] TAKEN  wRITC Da"' of T Score
ENGLISH CQ ] Vst ) or 1O R
Freshman Name of L]
e . v test . o R . R _ 45
Sophomore @ Date of Scorc
e - . - - v - to.t or 1Q 46
JU"IO' . e S ———. - = - LIl
- P . | What kind of elementary school did this student attend? 47
9 {check) public: __ private, d.nominaﬁond!;'» _7#__Vp|ivan, S
T I T non-denominationa! | ,g
{specify) L
FOREIGN LANGUAGE COURSES | ! A -
French . L [ The following auostions~{on both \id’e\ of thiy form) spply to” the
Snn;i:;\ ) ! i H ! 1 ) .‘,v "1 school and community, and hence to both the du:'om'rhofdir.\ %
poome - R R . i and classmate {1ec other side) " L0
German ' : ‘ A
. _ ! IT QUESTIONS REGARDING THE SCHOOL AND THE COMMUNITY 52
: . [town. city. or cther political division) - IN WHICH THE SCHOOL |51
— VR S S S PO 4 P Y a TE
SOCIAL,;STUDIES COLURSES ‘\ — Fee—e i WAS LOCATED, WHEN THIS STUDENT GRADUATED 5
i | : . )
_U""'d Stares History . ) | Ar of that hme, the school could best be describea as (check |'*° .
World History B ' one) ' S
_Geography L, . L . ' i College pieparatory and yeneral  oHering & varioty of |
Gov't (Prob'ymy of Democracy X |
Civies, etc ) ! \ courses for all studenty in ity sttendarce ared .
" Business (in.| Economics Bus ! ! I
ow Acrgurting efc | ) ! ~Voeabinpa. with speciaize s ‘erminal education A
. | o]
MATHEMATICS COURSES R - - ==+ _____ Strictly college preparatary, with selectivn adniss-ons requre- o
. Y ; J manty for college-bound students
£ ry Aljebra [ ! 59
Plane Geometry ’ ' ' ' i N Other {specity) o I Y
Solid Geomeiry I ’ | . " ——— A
Trigonomet:y ' I at this school were |42
emedns Agrbis Lo o ; a
- . . N . oo
.C‘i',"f" Algebra ' ! : of abave-uvarage inzome for this community
. 1 f o .
specity) S G S S R ‘," of less than s.erage income for thiy community
SCIENCE COURSES ; ) f I T
Geners! Scienca t I { o ~ _ropresentative cf the whole communi :
- t . 4 . 4 ..
L.~ .2 ‘T . i . . Were they o mixture of town and iural people fram ¢ wide
Chemistry , LN : ‘ . 2 geoygraphic ama? Yo No
-, - - . o + . - v
_Physics, A ; ‘ P
Othar O '
{specify) : o
R R PR
* . L PGy F
NUMERIC AL . B v “~ 7” . Filt noon acds to the ielt f 'mil-J numae*ic EASE TURN THE PAGE
SCALES _EAI’ONAL N | "-O,U'“ l Iy ibeto- tcalut .u. 4 used at the tima this student
LOCAL A A e " | JAND COMPLETE THE QUES.
{ I
w THIS scale i3 clowe tn the national av ':Ql Dmc'i:o_i;r;—or -T—v TIONS ‘ON THE OJHER SIDE

u
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Doctorate Ma and ngh’School Backgrounds Form | SR

i “Ploase supply Yo us the information reques 2d below. reqgarding the student wjno was qradua+ed ALPHABFTW ALL ¢ Ty
"+ AFTER THE DOCTQRATE HOLDER named on the, other s|de of this form, in the same graduahnq class. lf this next person. k-

-/
is himself in the doctorate group, check here ' ahd enter his serial number here _ . _
. Name of Classmate:
"-;’. ~
Regarding this person, we xhau{ﬂ,l-kq to havs tho following information from his (or har) high school racads, if available; L
GRADES IN ; HIGH SCHOQOL COUISES Note all thres points below & - ACADEMIC RANK {counting from the top of the clan cq Sth of 183)
® Plaase check the letter grades eatned by this person. |If numarizal
qrades were usad. sea numerlest scates 3t ke bottom of o gaye N o This studest was _ Y o . ofran the top af o it of ! xﬂ -
Qtherwite’ ignare numerical scales. Sy S35 a8) rdﬂ
] ~ T™CGRs ON NTELLIGENCE 1E5f5 (Int most razent test finit) Ceding
8 H mare than ore grade was given far any cabiest tated, cnecd (v Name of Calumn
Jnce for wazh yruda awarded. fyen Do Not
T T T T T TTTTTTTTTTTTTT] Wile in
@ If any course listed was not offered when this student wav in scheol, ! D"'"f" Scolr(; This
e et _ . P — [ PR
.chn:l thiy  fiest .cmumn indigating LETTER CRADE —‘—T_-LOUQSF COD"‘“v Name of Space
‘Coursy Not Available’ L - no! | po NoT
41 AT 8 ; (akin | owRitE tost = S Y
I 2 T T W (BRI BN ORI L Dote of Seare "
ENGLISH COURSES | T [ tast . or 10 e "
! , L Mame of ’
test ——
N Dute of - Score
e I, L4 1Q R “‘_
What kind of ele ry ischool did this student attend? . a7
Senior (check} _____ public; private, dengminatlonal; private,
“Oth I ¥ y T 4 non-denaminational 1
{spacify} ’
FOREIGN LANGUAGE COURSES SCHOOL AND COMMUNITY DAYA, CONTINUED 4
_ Erench The following questiont. and those on the other side. apply to
o o e e : - g this school and community and hence to both the doctorate-holdar
Spanish 50
o e e [P and =lasimate. ;
D dnrman R L - ;
S . - . : N st
otia 3 How large was the papulation, at that time. of the commuaity {52
‘67;‘1 R - oo - c Ttawr, oty o oot y:‘;]_i!{ch divisian) in which the sehool was |y |
(mrr\(y) located? {chack one) AP
i eOCIAL STUDIES CoU 4 ahalimilica pusple At more e
e Statas rlist i . : - (4
it Slatat ’L’,_* N B R b, 100,000 1o 499 999 R
Wortd History <3
b L . 26000 . 07999
C-wqraphyA R . ¥
Vv (Pioblar I 5000 ta 74799 Was it a subub of a city of I
) . ~, 000 to 4999 {00 000 people or more? ’ ] ir
)
. No "
¢ ounder 1000 pezple Yor ° ' _""

g

4 1F b, oommumty was of less than 25000 at the time thete

Irsant g Algen |
’ . _.P.‘ R "q‘ phows v w e S Chee mow e wra b T b nrarest oty b e e -
Plany Geometry Bl {anter &0
i ,ow Beamatry e e = meme o digtance 4
. . in miles)
- _ .
5 What nercontags ai the teachsn in gradas § 12 at tha! time
) S ] hoo auvarces Jegrens {bayond EA or 85)7
. ’ R TSRS 2.
US| -
= ’ ‘ . A
. b What we ihe atual pur pup. uspeedifdre oo thiy garmoi at
B ‘ that fimae?
i t S anyev arount)
' -___1 Do nor wiite .0 thy speces balow
ey ! 2 3 4 5 b
(spracity) X
o oo -
NUMERIZAL »tpr pacec o tha fell if only numeric PLEASE TURN THE PAGE
4 NATIONAL ere usqd 4t the time this student .
SCALES <haaol.
A onaL AND COMPLETE THE QUES. .
v TR wale i 2lose vo the m Previous sureey. o TIONS ON THE OTHER SIDE
st — = - S e a = e e e e L e
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1957-1958 DOCTNRATES

CENRY S
SIRATR MIHRAN
IVAN GARRIEL

1959-1962 DOCTORATES

S JOHN HFNRY
£ + HERBERT PAUL _
' ILLIAM WRIGHT %
ROCCO EUGENE
" ROBERT CHARLES
‘LLIAM HOWARD
ALICE FIELD s
'"TLLTAM HOWARD
... ERALD
. EF WILLIAM
, ACK 'VINCENT
'ROBERT 'MORTON
DNALD "HENRY
PHYLLIS A BENN
HARR Y _
'ETER RUDOLF
MARTIN LAWRENC
{M PETER
LIBERO MARX
HENRY JOHN

YOUR HIGH SCHNOL RANKS 13 IN YOUR STATE.
AND IS TIED AT THAT RANK WITH
AND RANKS 313 IN THE UNITED STATES AND IS TIED
26 OTHER SCHOOLS.

. AT THAT . RANK WITH

» <71 -

Appendix D, Continued

3 DTHER SCHOOLS

" 22 0012
ROSTER OF GRADUATES; WITH DOCTORATES 1957-1962
4 ' “
N J
YR OF GRAD PHD INST. FIELD
1935 "COLUMBIA U. ECONOMICS
1943 CAL TECH CHEMISTRY
1947 'COLUMBIA U CHEMISTRY
TOTAL 1957-1958 DOGTORATES - 3
YR OF GRAD PHD INST,  FIELD |
1930 'NEW YORK U EDUCATION
1933 U COLORADO  EDUCATION
1938 . COLUMBIA U PHILOSOPHY
1938 U MARYLAND. EDUCATION
. 1938 TC - COL U EDUCATION
< .1940° VANDERBILT  ECONOMICS
1942 NEW SCHOOL  PSYCHOLOGY
< 1943 “FLA ST U EDUCAT ION
" 1943 JOHNS HOPK .- FOREIGN LANG
) 1944 U MIGHIGAN . ENGLTSH
1946 RUTGERS U EDUCAT ION
1946 U WISC-MAD  OCEANOGRAPHY
1948 ADELPHI C . PSYCHOLOGY - .
1948 COLUMBIA-U  ANTHROPOLOGY
1948 TC - COL U EDUCATION
1950 _PRINCETON PHYSICS
1951 POLY BKLYN  ENGINEERING
1952 - CAL TECH 810LOGY
1952 U VIRGINIA  HISTORY '
1953 RUTGERS U-  CHEMISTRY
TOTAL 1959-1962 DOCTORATES — 20
TOTAL 1957-1962 DNCTORATES - 23

YEAR

1958
1957

1957

YEAR

£ 1962

1960
1959
1960
1962
1961
1959
1961
1962
1961
1960

N 1959'

1962
1962
1959,
1961

1959

1962
1962

oo,

(Note: Surnames in the above list have beenlobliterated to preserve privacy)

¢

B
T

w

-

¢
v

® -
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. Henmon

" Standard Score Conversiom Char€ for . Standard ﬁ!st I1Q's

Otis

Pressey

Nelspn

Quick-

[

w§tandaﬁ .

N

Kuhlman: , S.A, Scoring R O R -Miller A Nopial’
- Anderson i, - Bepe PO, Per- 7 Cérve .
SS Cal M.M. - "% " Gfmma $c. centile e ‘Percentile S8 i
85 151 ° 141-2 145-6 3 L 5 . 177-8 Min  Max 85 v ¢
84 - 149-50 140 T 14 ~ B : 174-6 - 84
83 148 239, 143 , ws)< St 172-3 : 83
82  146-7 138 141-2 153-% " 143 29,97 170-1 P 82
81 145 137 £ 140 152 141-2 \M9 <k 81
80 - 144 136 ' 139 150-1 ' 140 99,7 1667 9985 80
79 -3 1345 138 149 138-9 99.6 - . 163-3 9979 .9984 79
78 41 133 186-7 .~ 147-8 4 136-7 99.5 S 161-2 | .9971 .9978 78
77140 132 o7 135, 145-6 135 99.3 159-60 - .9960 .9970 77
76  138-9 131 1342 144 133-4 99.1 157-6 9947 .9959 76
75 137 130 182-3 142-3 132 98.8 155-6." <.9930 .9946 75
74  135-6 128-9 131 140-1 130-1 98.5 152-4 -~ .9908 .9929 74
73 . 134 127 130 135 128-9 93.0 ©150-1 9879 .9907 73
72 133 126 128-9 137-8 127 97:5 148-9  .9845 .9878 72
71 131-2 125 127 - 135-6 125-6 96.8 146-7  ,9801 9844 71,
70 130 124 126 134 124 5.z 96.0 144-5 9748 .9800 70" . " +°
69 128-9 122-3 125 132-3" 1223 - - 95.0 . . 1&4l-3° .9682-.9747 69 .
68 127 121 123-4 130-1 120-1 . . 94.0 . - 139240 -, 9601 .9681 68
67  125-6 120 122 129 119 @ 93.0 ¢ £77-8 ° .951%+, 9600 67
66 124 119 121 127-8 117-8¢ 91,0 ' . “535-6  .9401,.9510 65
65 123 118 119-20 125-6 116 90.0 133-4  .9271 .9400 65
64  121-2 116-7 118 124 114~5 88.0 130-2  .9121 .9270 64 °
63 120 115 117 122-3 112-3 85.0 . 128-9  .8953 .9120 63
62 119 114 115-6 120-1 110-11 83.0 126-7.  .8761 .8952 €2
61. 117-8 113 114 118~9 109 80.0 124-5  .8543, .8750 61
60 116 X 112 113 117 108 77.0 122-3  .8301 .8542 60
59 . 114-5 ‘Y 110-11 s8¢ 112 116 106-7 74.0 T 119-21 . 804878300 59 .
58 113" 109 110-11 1145 10445 71.0 117-8  .7748 .8047 58
57 112 108 109 112-3 103 68.0 «  ,115-6 7438 .7747 57
56 110-11 107 108 111 101-2 64.0 - W LU 437 56
55 109 106 106-7 109-10 100 60.Q A L Tl Y . 721055 :
.54 107-8 104-5 & 105 107-¢ - < 989 T56.08 v e 5758 -
53 106 103 104 106 967 s2.0 . .+ (Tos .6385 53
52 105 102 102-2 104-5 95 48.0° MNTAR IR . 6015 52
51 103-4 10l 101 102-3 93-4 44.0 ~102-3 /5615 51
50 102 100 100 101 92 40.0 %7 1. . ..5200 50 _
49 ' 100-1 98-9 99 99-100 90-1} 36.0 -9 .R£356 4800 49
48 99 97 97-8 97-3" © . 88.9 2.0 95-6 - /3986 '.4385 48
47 98 96 , 96 96 ' 87 - 28.0 " 93.4  .3616 .3985 47
46 96-7 95 95 94-.5 85-6 26.0 91-2 3243 .3615 46
45. 95 94 93-4 92-3 84 '23.0 89-90 .2791 .3242 45
44 93-4 92.3 - 92 91 82-3. 20.0 " 86-8 2564 .2790 44 -
43 92 o1 . 9t 89-90 80-, 17.0 B4-5 L2254 .2563 43 1 N
42 90-1 90 . 89-90 87-8 - 79 15.0 . 82-3 1954 .2253 42
41 89 89 ' 88 86 ©77-8 12,0 €041 1701 .1953 41
40 87-8 88 87 84-5 75-6 1ol 78-9 1459 . 1700 40
39 86 . 86-7 - 86 B2 74 T 9.0 75-7 1241 .1458 39 {
38 85 85 84-5 81 72-3 7.0 73-4 1049 .1240' 38
«37 83-4 84 83 79-80 71 6.0 71-2 0881 .1048 37 - .
36 82 83 82 77-8 69-70 5.0 6970 . .C731 .0880 36 ' ...
35 81 82 81 76 67-8 4.8 67-8  .0601°.0730 35
34 79-80 80-81 79-80 . 7475 66 3.5 65-66 . 0491 .0600 34 "
33 78 . 79 78 72-73 7 64-65" x5 63-54 0401 .0490 33
32 76-77 78 77 o 63 2.0 61-62 .0320 .0400 32 ..
31 75 77 % 75-76 69-70 61-62 1.5 59560 .0254 .0319 31 "
30 74 76 74 67-63 59-60 1:2 57-58 . 0201 .0253 30 f
29 72-73 78-75 73 66 58 .9 55.56 ' .0157 .0200 29
Q \ /
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Appendix F

| Statistical Data of the Multiple ﬁisc%imlnant Anglyses

Analydis 1: F1ve Gengsgl Flélds O »
. . Univariate F's_ | ,*<; Lo Scaled Vectors e
Variable Male - "Female \ﬂikt r'l ‘Vector IT , , Vector III
- v e % Twlr | w.] F| M F
S —;—'—"’"T"’—"‘;“_"-"' -_..._..,.—"r—._- l vy ,_// -
1GPA 1 Languages 17.22 <.01{10.06 <.01 -16. 86 -10 18| 13.20 {'11.25 | 8,59 |-"3.91
GPA 2 Soc. Std. |12.62 " | p.62 M. < 3.90- 1.29] 2.32!-2.48 {-23.55 | " 1.62
GPA 3 Mathematics|{31.31 " 14.61 " . 13.19i 5.70{ -0.23 }|-2.60 | 12.77 } 2.0l
GPA 4 Science 27.14 " 18.67 " 18.571,10.60'-14.01 | ~2.86 | 4.35 |-16.89 |
et am st vme e e i b s o o _,..,.,‘....,_:_—«’-_/——.—k—\—‘ —-——f"~—-——._4-T—'—-————f“ ~+-.——~— .-—~.+—-_—- < > ~
Lang. Not Taken” |' 5.64 "  1.48 >.05- 2.92. -0.10; “6.70 | -3.89 | "1.19 | -1.17
5.5. Not Taken | 8.27 ". 1.53>.05  7.69. L.45: -2.53 (3,06 | 2,59 § 1.18
Math Not Taken [3649 ". 10.60 <.0l =-14.70 -4.88, -1.97 | 5.30 | 3.66 -0.13
Science Not Takenl19.47 " 10.76 <.0l -1l. 06? -7.87] 6.86 | 4.59 | 13.10 12,14
Intel.Test Score |26.14 "  16.37'<.0l  -0. 35 7.27 15.44 4 4.95 | -7.85 | 4.15
Normallzed Rank 22.63 " ¥ 13,31 <.0l 2.49; 5.191 4.79 | 3.18 v%.547* 14 .88
‘Class Size 1.36 >.05 1.41 >.05 14831 1.20, «1:68 0.00 | 5.26 \ -7.31
Public vs Rrivate .5.55 <.,01' 1.71 >.05 - -2. 081 -5. 991 -7 40 . -4f74 -4.03 1 3.11
Denom. vs Indep. | 2.80" fagj 1.14 >.05 J 2.27\ -1, 62 ~4.06 |<4.37 2.23 l 6.28
- . — ' : paum—
Summary of Information from Phase I
‘ 1‘ MEle ™ ‘ © . Female f
’ Statistic," ' Root Number . ‘ - "Root Number
T 3 I LI IIL v 1 - I A1 v
T )\3{_ 3257 . .1486  .0358 .,0151 . .2942  .l1115  .0404  .0134
_ e . | ‘ -
Percent of Trace 62.03 28.29 6.82 2.87 " 64.03 24.27 8.79 2.91
Cumulative: % Trace‘62.03\390.32 97.14 100 64.03 88.30 . 97.09 100
" Trace . ) : .525 i L459
a JTrace .725 o ) 677
Canonicals R &))"\ .57 .38 .19 A2 L .54 .33 .20 .12
. ., T . l' ’V ) ) .
- of Wwilks' AN - 0.6246 i f $0.6594 -
F | 9.46 ‘ " 4.72 .
. o i 4 B i
Degrees of F%%edoml 52 and 3,835 52 and 2163
Lo o T £.001 ) ! <.001
: : oy
’ o ] v\

Ca P WL
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Analysis.2: .Five Physical Science Fields
; - ! : o B "' o e L - -
Variéble ‘ Univariate F ; ‘ Scaled Vectors :
;, p _ " Véctor I Vector; 1t
GPA 1 Languages : 2.48  <.05 L7094 - 4,21 '1%
GPA 2 Soc., Stud. | 1.71  >.05 T - 5.3 11.00 |
GPA 3 Math 13.68  <.01 16.07 S 231
GPA 4 Science ;6-27 <ol 3,44 - 368
" Lang. Not taken !4.74 <.01 " o611l 4.49 | 0.51
S.§. Not taken '2.69  <.05 2.05 6.36 3.15
Math Not taken , 1.86  >.05 0.48 - 5.82 - 3.3
Science Not tkn " 0.71 >.05 0.46 0.34 - 3.01
. Test Score 5,09  <.0l 3.87 | = 0.76 - 7.41
‘Rank in Class  4.11  <.01 0.68 . - 2.48 2.48
Class Size  0.58  >,05 - - 2,05 *  -1.53 1.46
Pub1§$;?§ Private\2.36 B 05 _5.52 - 0.46 4.65
Denom, vs Indep. 3.63 <.01 1.5 - - 5.63 5.41
Sunmafy of Information from Pheag' I
. - .
‘ ‘- :‘l R - Root Number N
g I 11 111 v
B . 2073 -.0907 . 0448 L0178
Percent of Trace i 57.48 25.14 e 12,42 4.95,
Cumulative % Trace | 57.48 82.62 95. 04 99.99
i S T}‘ace ’ /, . 3606 -
' \[Trace .60 .
Canonical R & Aj) .46 .30 .21 13
Wilks' A o 714 '
F - ~3.03 .
‘Degrees of Freedom 52 and 1,73_7‘ .
| . . | P:, . i v . N ! <‘.O); .
SN o 8L )
P : | :




