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THE ZDUCATION OF THE WOMAN SCIENTIOT T0 BE

For g Conlersuce on

g Heed for Women in Science

My title this alfternoon "The Bducstion Of The Woman Selentist-To-fe"
leaves me & broad grea in which to romm, and 1t seems that & good place to
bepin might bve with the placing of 2 few limltations on the subjest. I
ghall not abtenpt to joln the throngs of wrilers and speakers whe asre gaining
an abisnbive and frequently reseptive ear these days by expounding on whai
is wrong with aducation. Although there mey well be thinges wrong with the
way in which we are sdueabing women for achlevement lo the sclences, I am
nob golng o balk about that., 1 an not gven golng o talk sboul what we
should do In education. I'w golong to spend wy time instead talking aboutb
what we gre doing by presenting & factusl deseription of those atiribubes
of today's woman student which would seen to besr directly on her potentia
for sclentific contributicon., I shall leave 1t Lo this sonference to cone
sider vhal steps &ﬁmmiﬁ be taken 1f we are to educate women for & wors
sifective participaticn in the scleatific achievement of the nation,

It seess Yo me that the most helpful baskground for our discussion
might be presented in terms of three characteristics of the potential
seientist. Presumably the major contribulions in sclence will scome frow
those who have high sclentdfic abllity or apbibtude plus the interest and

opportunity Lo achisve the necessary hnowliedge and %kxila in the [ield.
Tows, T shall zive particular attention to what we know about the sclentifie
sptitude of women, thely interest in studying selentifie subjects, and thelr

sohood aenlevenant o sabhenabics and solencs,

4 masaive guount of data has been gathered in the study of the intellectual

abillities and we can now put together a plotures which is rather comprehenslvely



deseriptive--1if not very sdequately explanatory. Let me begin by deseribing
what we kaow gbout the aptitudes of women for sclentific endeavors.

We koow that differences in the verbal and mathematical ability of

boys gud glrls--men and wonen--have besn reported with rensrhable consistency
gvar the years. There remgins no controversy aboub the relative perfomsnce
§ malew and females on tests of mathamtical sad verbal ability. There ls
perhaps some coniroversy as Yo why this difference exists and, in any dis-
cusgion of ﬁ%i‘%ﬁ‘%&%w&lﬁ abilities bebtween men and women, we should keep in
mind & mumber of things.
In the first place these reported differences are as they &re messured

in this When the concept of the I.G. became widespresd

ardd entered the vovabulary of the men on the sireet, there grew up the mylh

that the I1.Q. or gptitude test measured "imngte capacity® fov iﬁa.mmm

#

This suzgested that one was born with o certaisd mental ca
unchanged throwgh culbursl sxwperdences--that g deprived environment op
ingdequate sthools, or poverty, or any of & nusber of other disadvantages,
abe. would not handicap the ohild in his perlomance on an I.0. bLest.

g w%m&mzm ne one has found & way to nessure "gulbure~{rse"
sapecity for lsaming. Furthermore foy whatever reason we night wand to
koow bhe Yiooabe capeelty? of an ledividunl, 1t is probably not directly
relevant o his or her sbilily to produsce in selentifie fields. For unless
the lroate capecity has besn developed, uwnless the student has goguived the
knowledge and skills of sclenes, he ls waable to resch the acadenic level
recqulred for selentific contributlion no mablsr how great his uwrdeveloped
inngbe capacity sgy have been.

There i snother comonly ascoepbed ides thal has grown up with the

pread of hall-wderstandings sbout the 1.0, and that iz thet intelligence



1g vepresented by a single factor which would ensble one to learn all types

of informabtion more readily-that the higher I1.Q. would be mors capable in

saading, compubtational work, logic, or any other learning asctivity. Aetually,

repsated research has indicated the presence of not & slngle mental ability

but of two relatively independent primary abllities whilsh are basic to

fubure lsarnioge-verbal ablility and mathematieal ability. Most of the lests
of gptitude todey report beth & verbal and a mathematies store rather Lhen
& single “intelligence guotient,”

Todey's sptitude tests have proved thenselves of conplderable value
in the measurement of intellsetugl characteristics. Although they do not
alain to be free of culbural :%,:s”si*mﬁm%g they do abtbeupt to aveld direct
neasuransnt of the resulis of school learoing. Hesegreh has shown
repeatediy that the major apbitude tests, such g& the Doholastie Aptituds
Test of the (ollege Inbrance Bummingtion Board, are quite resistant to the
sram sessions snd speoial coaching that have become undessrvedly popular

with students intent on zaining admission to the prestige colleges. The

aptitude tests are widely used by college aduissions olflcers,becaus

a2 provide suscessful measures of the two factors which have smerged

se most baple to fubure leaming--verbsl ability and mathematlival ability.

Another caution that I wendt to state before presecting ressarch svidence

sbout the dilfferentisl test performavce of men and women 1s that statlsties

differences in the mean or grerage scores of men énd wonen, we must nol

in berms of groups. Despite the faet that there may be significant

lose sizht of the fzel ithe degrse of vardation withia a group of sales or
fomales i3 alzost alweys greater than the difference betwesn gveruge eoores
af men sud vomen L.2., 1o Iotellectusl abilitdes Individusl women differ

wach move from esch obher than the average woman dees from the average mma.



Wwith these cautions in mind regsrding the interpretation of researeh

data let me procesd now Lo the evidence aboul the messured aptitude of

L.

Generally spesking, fenales are superior in verbal end lingulstie
funetions and males are superior in mathematics and selentilic gbilibtiss,
The patberns of development of the werbal end mathematlical ebilities show
interesting differences. The femals superdiority In language is pronounced

ng youwwy children and seens to laper off among older students. On the

average, zirls begin bo talk eariier than boys; at pre-school age they
have g larger vovabulary than boys; they use sentenges sarlier; they meke

weh lower pumber of resding

more rapld progress in reading) and there is & n

speech diserders muong girls

disabilities, stuttering, stamsering, snd other
than smong boys. (1, pe 473) Yhen the verbal abilities mre separsted into
twn fackors of word flusncy and verbal couprehension, however, it is fouwd
that girls are sigaificantly bettar in word flueney bub that there ave no
signlficant sex differences in verbal comprehension.

Messurenents baken during the senlor yeer of high school, show that
the girls sre only slighily aheed of the buys on the verbal section of the
94T, At the exd of four yesrs of college, there is virtually no difference
hetween the score distributions of verbal ability for men and wonen on the
“mema%@ Reocsrd Tramingblions.

The history of nathenabicsl abilities, however, followa s semewhat

diiferent courss of developosnt from that seen in the verbal ghilities,

Studies ab the prissry grades and ear ghow o slgnlflcent sex differenses
in mmericsl sptitede. Ooppubatiomal tests show little sex dlfference gt any
lewel, tub males sxoel quite counsisbently on avithmetic problems and other

i

teste of numerical veasonlng. (11) Hele supericrity on quantitetive measuves
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does not sopear wibil ehildren are well into elenssbary school perded and

3% peems bo piek wp speed through the various levels of sducabion. High
sohiool boys do sonsiderably better than girle on the nathamatical section
of the Seholashic Aptitude Test and there is likewlse a marked difference
in fmvor of wen in the quantilative sectlon of the Graduste Record
mamlonbions 8% the golluge level,

Taup, Shrougbout the years of greatest potential for the educetlen eof
the selontist-bo-ba, we find the gverage boy supsrdicr bo the average zizl
in guantitabive abilities. Purthemwore, this dlfference is conpistent at
a11 levels of sbility. fAncne the Nabdooal Merit Dehelérs, sone of the
brightest voung peoplé in the couwtyy, 25% of the boys made o score above

this éiw e

780 on pathenatlcs sestion vhereas only i%% of the givrls seorsd
Tn the fsos of bhess rather deramstic and consistent dilferences In
favor of the mea lo mm@mﬁmﬁi abilities we should perhaps remind ourselves
thet these are dats for groups. In this last example for insbance, 13% of

the femple Merit Seholars gre 28 good ab mathematical concepts as this
highly-gelected group of men who show perhaps the greatest potantlal for
gpientlifie achisvenent of any young people in Lhe country.

Te mum wp the pleture then on aptitude measurss, we van say that the
avernse male conelstently oub-purforms the gveragze female on the gquantiiabive
aptitude tests. Thess Leste, of courge, shovw a high relationship to Duture
learning 1n the sclences. Realiietis ploanning for the futwre role ol women

take dndo sonsideretion the existencs of thie

in pelsews then should

@i fererdial, Ohviously the eritical guestion now bDeomses why should we

Lad men oule-porionsing women in bests of nathematicsl

es congintently
sptitude. This iz & ﬁm% field for further ingelyy, b neb part of wy



To sontinue gy Job of pressuting a deseriptive pleture of the pobtential
women selentist let mo turn now to best sessures of the schievenent of wonen,
Unlike the aptitude tests, sehilevement tesis are speciflieslly designed to

sangple the student’s underslending of the essentlal hoowledss in & Meld pnd

this, of course, is wsuwally & btest of sthool learning. A well designed

achievemant test doss nobt atbanpt to measure iscolated iaformatiomal detalls

oy fashs, nor does it emphasise robe respondes to sterectyped guestions.

Father 1% eophasizes the abllily to sske ugs of the knowledge one has: it
devmrdde an understending of relationships; and it requives the selection

of a relevant ﬁ@m@ ol aotion from & bropd background of iﬁf@m@ﬁimé

last spring, in cormectlion with the lawnching of the new Couprehensive
College Testing Progran, BI5 conducted a study of the dmerican college
gophasoves’ achlevenest in flve basic srsas of libersl arts sducation.
These gehlevanent tests ave desipned fo mssswrs ab the collepe lovels the
student's command of essential koowledge in Bnglish, humanities, mabthemgtics,
social sciences and ratursl sclienves,

The seuple of students used for thle study wee uvnusually carefully
selected to be ropresentative of the students in this m:sa;zz‘iam who are
completing their second year of study &t two~ or fowr-year eolluges or
wndversities. The 2,600 full-time students participeting in the testing
gawme from 180 ilostitublons of higher edusation well distributed throughout
the vowtyy.

The resulbs were these: MHen seored higher than women on mathesstics,
natural solences, and soclal sclencen; and womoen seored higher than men on
Inglish and humsnities. These resulls ave quite conslsbent with those of
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abdons taken by eollece seniors. The Cradunte Rocord

Beaminatione Ares Tests sasple knowledge in three aress; gocial scisnces,



& &

musanitios, and ratural selences. On theve tesis pen do consistently betber
on natural sclencos, and somovhat betier on the socisl selences, Vonen
seore higher than wen on the husanities fest,

Sires 15 ip 2 well koown fact thal girls tend o teke courses in
1itersturs &nd the humanilties wheress boys specislise in the selsnces; it
is informstive to look st the perfomance of the minopily of wamen who dg

specialize in mathemabies and the scienves. Une might hypothesize that

#irls who pesist the cultural pressures and study in what is primarily a
man's fleld swlht to be wnususlly good ab 1L,

This S8 not the cese, howsver, and once agaln we find that nen
apeslalizing in selentifle subjects make higher athlevesnent test scores
than women specialising in the same aress. At eollage sophomore level,
the Camprehensive College Tests showed that the mean scores of men plamning
Lo major in sathesableos, saburel sclences or soelal sclenves were higher
thas: $he mean scoves of wome planning o major in these aress. Hen ave

» bebtar in mathentics schlevens

v, bebter in the naluwral selences,
and slightly better in socisl selenves. Un the obher hand, men are in the
sane beet when it cones to Eoglish and the humanitles, Hen speclallzing in
thess areas do nob do zs well on the gehievanment teste as thelr fomale

classnates. Onoe susin these resulls are conslistent with the Uredusthe

Decord Deam

nabiong which show that afler four years of college education

in & major fiald, men majoring in the natursl selences score betler than
women sajoring in selence. Hen In Lhe seelsl scleness oubl-seors women
sociel selsnce majors and wonan husmrditles najeors ocub-perform the male
humanities walors.

Lest this sousd too dismal, lot me hasten to say that women majoring

in the gelences do hove s grester knowlsige of mathematles and scieace thao

Pk



men majording in the hwmsnlties. OF oourse, ve should be agéziw surprlaed and
dlseourssed about the potentiality of women sclentlste If this were not the
vase,

There aye, of coures, mauy hypotheses for mple supsriorily in sclonce—
most of whleh have to do with cultural influsnces. Assstasi (1) reports on
twe studiss dn the cogndtive ares whleh may shed & 138tle 1ight on the wabler,

Sweeney (11) found that eollege men were slmniflesntly superior i
women an probless that eslled forfrssteucting® l.e., organdelng fects in
new ways. Alonz the same Line Hestic (5) found that high school ssuior boys
wore supsrdor te girls io thelr ability to tracsfer lmowledge and gkills to
new situsticns. These differentinl abillties of Bt sl women were spparent

gvan wWhen groups wers aguated for intelligénce, verbal and mabhemtienl

55
i‘i

Abudes, previous mowledge, and obheor relevant varlables, More resvarch

on the exbend to which problem selving sttitudes may be amensble to Lraind

would prove most helpful,
ALL of v have witoegsed In our own auperience the couplex inbsyweaving
£ abilities and inbterests and the olrele whilsh 18 generated, Ve 1ike to do

those thiyge m whioh wo ool

Bposs ourselves Lo new inberests,

we gre likely to incvesses ooy sllls gnd lowledps in Bhe sron.
It seons reaspnable Lo ypotheslize that the dlffereniisl develomant

of wmathanativel and verbel abiiibles in men aod wousn wmy be abdribubable

in large weasurs to bhis vory humsn braild of delng what we like to do lnsofar

ae possible, Part of the problem wmay wery well be that it i possidble (and

porkaps eultuwrally ensoursged) for the high sthool and college girls to

seeld matheatics, vherese 1t 1s nob very possibls Loy the high school sl

collare bors o avold Inglish, The consbant eposur

but oubside to verbal sxperiences for Wwih boys aod glris my



decrease the eerly lead of girls in the verbal gbillties.

This crposure does neb eglst for the sathamatical skills, however.
ia yorely reguired in senier high school or in ccllege, and we do nol run

inko it in the course of owr daily sonverssilon, Lheg resdl

maganines, aod other lelsure tine asetivitiss. The exposwrs Lo mathewmtics
and selence oourses i likely Lo be through cholice, and the patlers of

ehoies follows that of the tept resulis. (irle choose Boplish and hunanibles;
Loys chouse moihomaties and selence.

The TS mtudy oo the college sophomore to which I referred esrlier

indicated that st the high school level there is & minimun ol variatien

in the smouwnt of fnglish studente take. Dighty-Tive per cent of the men

r

and Y15 of the w rears of hlgh school Eaglish. Hathemalles

mgn hed Lalken four
was & different guestion, hwwever, aud wo found that 508 of the wen had

e

taken four years of high school wathemstice whevsss only 23% of the wouen

had had thls mash. AL the college level, 41F of the women hed taken ng

atics, whersss only 205 of the men lacked sullegs mabh.

sovrges ln mathe
Tt iz encourazing to note, however, that these flgures show thal over hall

9

of the women had had some college mathenatice and this le wore than we wigh

it

have sxpectod Song yoars 440«
hnother exbramaly beight teend is 1llusbrated by the stertling lncrease

chool methesmtics preparation presented to some of the

£

T F T g
in the saount of high

ity selootive solleges by entering freshmen. Hount Holycke found that

fresbmen this year had taken four yesrs or move of

nizh sehool methensbtics compared with only 348% in 195%.

The vollsge sophonoves participabed Lo this sbudy at the tleme in thalr

i

sduentional esreers when they make the decision aboub a major field ol study.

Thirvty-sls per cant of the men and 143 of the women sald they plamed to
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s of the selsnces. Over half of the women, 518, planned

major Lo pone p

3 flalds that accounbed

Lo bale wators in edusstlon or the haaniltle

£

for the foterest of only 185 of the mene Ones oove this, we find 2 sex
difforerinl in the descripbive stablstics of men and women o 1t periaine
o the expresssd doberest o sbudping o sedentille fields.

In sumsary up to this polot, &1l svidence gwj;mw to & greator loberest

of men g8 eondrasted with women, higher scores in

in selonge on Whe part

sagnt tesbs in the selenves, aod betler periormance on ihe quantitative

Lowe should eneourage woman o plan
careers in sclsnce, then we nizght well suk whers we are boglandng o lose

 wessen who have the gveabest potentisl fov selsniillc achisvement.

In all probabilily the greatest loss of potential wousn sulenbiste
poours very sarlye-perksps s oarly se elght years of age. A resent sludy
mased on reporbs frvom 2,433 lingliste of Ustionsl Sclence Falrs shows that
the sece of firsh interest is given as twelve years of age with age ben now

nearly as productive of possible selentlats (6). It i of special

interest bo ue bo nobe how this interest in selesce firvet beoomes sparied.
Those fading thely Dlrst selentifle interest al the age of elghl gave nosi

of the eredil to thely pavents and relatively Litile o schools and Leachers,

On the other hand those who fownd selandifie Interssts beglaning at the sge

The twelve year

alds reported that sehool opportmities and eowrge plus the influssee of

individaal beachers were most luportat o them. 48 & group, however, these

iz

young selediste ore inepeasingly veporting discovering scelentifie interests

a8 & result of thelr own curlosity. The lmpast of acheol en the stimulstion

of selendifie intevests dropped frowm 357 in 1902 to 249 this year.



The trends in this study showing a decrease in the age of first interest
in sclence, and some indication of less dependence on school for stimulating
an interest in sclence, may indicate that scilence is rapidly becoming a more
integral part of our cultural interests. The great interest in space flights
found young children as well as adults glued to the TV programs which gave
attention to a great range of scientific problems--from astronomical to
gastronomical. All of us found principles of science creeping.into our daily
conversations. The New York Times reported last Sunday that general science
was the most popular course on educational TV. It will be interesting to
observe whether these trends have an impact when young people select their
high school and college courses.

For this 1s perhaps the next point at which we lose potential women
scilentists. Indices of educational levels show that untll the college level
is reached more women than men stay in school. In 1962, the median number
of years of school completed was 12 for women as against 11.6 for men. Bub
once the college level 1s reached the women fall behind. ILast year women
constituted ME% of the entering class in colleges and from that point on
they lose ground steadily. Women earn sbout one in three of the B.A.'s and
M.A.'s, and only one in ten of the Ph.b.'s. The fact that these ratios are
lower than they were in the 1930's has been a well-publiclzed fact. Although
today we find a much greater number of women taking advanced course work,
proportionally speaking not as many are going on to advanced degrees as did
in the 1930's when women earned 40% of the Bachelor's and Master's degreesg
and about 14% of the Ph.D.'s.

Iet me return now for a moment to see 1f we can throw any light on what
happens to women even before they reach the point of choice as to whether to

go on for advanced degrees. And here I should like to give particular

11



gtudien Lot sre

stbention to women of high ability elbing prisarily

concerned with womsn ranking

among the top 508 in ability.
Hawinghurst (3) guoted figuves in 1960 showing thet 278 of the females
and 1€ of the males povsessing abllity smong the upper hall of the populstlon
were not in eollepe. That 2778 of high ability women undoubtedly represants

& rieh and untapped reservoly of women sclentisls.

A 1956 study by 9 (10) ebtempbed to soswer sume guestlons soncerning

.

s by "hiah

the interset or lack of interest in collsgs attends

ability"

NG SXPress

public high stchool seniors.

Yoy briefly, the vepulis of that sbudy ovan be sumarised as follows:
{1} Those of hizh ability ave move likely to be interested in

mong girle meling top seores in the apb

sollege.
test 901 sald they were interssted in going o college.

Wheress, at the 70th peresntlile of abiliby--gtill 2 high

level of ability snd definitely colleps materigl-—only
419 sxpwossed such inberest.
{2} Thoss wao have dong well in terme of high sthool grades

wepressed grester inbersst in coliege, Iighty per cest

of the gizrls in the bop gquarter of thelr high school

ke to atbend sollese, whoreas,

z

clagses said they would

&

oaly 508 of those in the lower half of thel

r high sohool

clase reporbed gush interest.

{3} Nelther the slze of the high schosl abttendsd nor the

peourarhie regzion had sny conplistent relationship to the

“Defined 58 those scoring in the top 30Z on & brlef seadendc aptitude best.



{4} Paventsl cooupeblon is a slgnifleant factor in sollegs

interest. Anoog the children of pavents in professional
sooupations, 95% of the boye and 90% of the girle mald
they would like to attend vollege.

Frem this study dene for the Hational Selence Foundstlon, Stlee, ob 8l

contluded thab "maomg students hesded toward solless there le consldersble

arientatism of thelr snbive lives toward thiz goal. Thelr friends axpect Lo

go to college; thoy diesuse college plans with thedr femilies and teachers

a8 & mabber of course, and they have more indorsabtion sbout fisancial

gozistasce for going beo college.® (10, p. 66}

In sgdition Lo sh

aply finding oub what fastors showed relationships e
intersst in atbending colleps, Stice gh al added an intevesting question
to soe how many hdgh ability etudents gould be moblivated to modily thely
eolloge plang by a hypothetical proposal for financigl assistance. This
thak vou would zet 5 scholaréhip o go o eollepge A¥ you agresd Lo study o
partiovlar wubjeet. The scholarship would be large enough Lo make 1%
possible fov you to sbbesd & good college and you would have no nesd te
worry aboub esrning any pard of your adpenses. Bub bo geb the scholavship

g

sou vould heve to agres to major dn (o esphasise) sous particular subjest.”

The shudent was then asbed to indlcabe on & Dive pelnt scale whebther

ne would serteialy,? Ywould probably,” "mighit,t Twould probably not,” or
meendd cerbainly nob” aceept the scholarship in each of ten aress, should
any one of thewm be offersd te hinm uwder the conditions desoribed.

Sixbyeone poy senb of the boys would “probably® or "eertalaly” sccept
a seholarshin to siady englneering, wherens only 5% of the glrls would do so.

val sonevhal more acceptable to bhe women, with 248 of the




women saying they would “probably® or Veertalnly® sccept the scholavehip

to study mathematiss, and 218 of the girls would Yprobebly® or “esrialaly®
sceupt the scholarship to study physical sclence. When compared, however,
with flelde such a8 libersl avte (488 would “probebly® or “eertalaly™ seeept)
or edusstion (where 528 would "probably® or “sertainly” accept] the sclences
did not fare too well oven whon propossd to the givis as "free® college
sdueation.

There 18 some very hesrbening recent evidense, however, which glves ue

some imporbant dete, not on vhat people say but on what they do.

presents s chart showing bhe change io the percsntage of women raseiving
degress in various %t*mmﬁ fyom 19868-61,. A vather deamatis inoresse 1o
grident in the nusber of wonen recelving higher degress in selentific
subjocts.

T the years fron 1952 to 1961, there has been ga 1167 inorease in the
msber of women recsiving bachelor's degress in mmm&%mi subjests come

& 219 dnoresse over sll fislds. Jabhemstlics shows the largesi

s

po luoreass in sny subjeet eres. Other flelds with large inarenses
are foreiszo languspes and Lileraturs wilth 4 984 inevense in Bachslor's

P

veng gravbed, English aod Jouwrsgliss with a 252 incresse, and biologlcesl

Haober's degress Lo women went up 227 ever all fields, but showsd 2

1099 inerease in mebhembical subjects {exeseded only by & 2358 in librayy

i

sberts level, oo, shoviog

golonne). The scienves did guite well on the g
5 L4F ineresse in blologlsal seienven, and & L2% incresse in physisal
solenees.

The vamber of doctoral degress gravied to womwn inoreased by 298 over
11 fiside, with the grestest incrsases belng in the following aress: 1%

inpragse in Baglish; 778 inere

sse in peycholegy; 47% in soclal sciences;



aod 8 32% increase in the physical sciances.

An srtdele in the Mow York Times (8) indlcsted that this past year's
sradupting classes continued the trend of & "grovlog interest on the et
of women in the wordd of golente....” and stabed that the U. 5. Offiee of
Yduestion reporbod that the nusbor of mpthematics majors ageis this year
was “wost lopressive.”

Oovicusly, we sre seeing & gresb prowth of inderest In solenge. Much
has already been dong, bul the discvepancy bebwden el Is snd what nust be

a3

18 women sre o play 4o Lupovband role in the selentdlie achisvensnte of

the nablon leaves wush to be dones

By Dpp. XK. Patricia Cross, Director
Comprehensive College Tests
Educational Testing Service
Princeton, New Jersey
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