.~ gignificantly more males than fesales with outstanding mat

"for girls only is reported to have been moderately effecti

.environmental variahles.as less parental encouragelent fon
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pronoting matheaatical achievement among girls. It is concluded that
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. Mathemadtically Precocious: Male or Fémale? T
Lynn H. Fox

The Johns ﬁopkins University

A popular hhrase heard at meetihgs of persons interested in

career education, particularly for girls, is‘“bé anything you want

to be™. One hhing very few girls seem ho want to be is mathematically
talepfed,-or at least employed in professional. careers ih mathematics

gnd science. Yet boys and girls do not appggr,tQ.differ with rgspebt -

to feported likingqfor mathematics as a schooi subject in the elemen~
. »

tary and secondary school years (Erneat, 1979). When mathematics

5
courses become optlanal 1n high school and college, however, far fewer

fehales than males elect to take them (Haven, 1970; Ernest; 1975).  The

-
L]

difference becomes greatest at- the doctoral level. Inyl968-69 only -
. [ ’ ’ ‘ : L 3
PR .
3.4 percertt of the degrees earned in the physical sciences (including [
[} - . "

mathemati'cs and Qngineering) were awarded to women' (Centra,. 1974).

is interesting that girls should raport liking mathematics_ as muel as

boys, yet avoid taking thé courses when they can. B

If we are to understand-why there are so few creative women in the

o
.

sciences, we must first try to understand why so few women pursue
B ] - \ X .
. - 1
educational experiences and profesgional cireers in the scientific fields.

Are women less-able in hathemgtics and scienée or ﬁepely less interesteh?

b
an ongoing sEud}.Bf mathematicaf precocity at Eia Johns Hopkins ,
Universzty offers some 1ntq;esting insighé into’ then$u§stion qfqé;x o,
differences in mathematicgl precocity. First it é;ovfd;; ;nfodmatioq A
; : v e L \\b - . : ,. " \. ’
: 3 ;;fﬂt . . . [ DS
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precocious achievement in mathematics -can be fostered. “: - ' 3j.

-

concerning the existence of precpcious m? - ca reasoning ébilityl-
' L ’ v " ~ -.
amonyg adolescénts, and secondly it explores t@e guestion of how B
\\ - L] ‘ o ',‘

; T . . . J
The Seérch forﬂgathematipally Gifted Adoiéscéﬁts y“l,}
The Study of Mathematically Precocious Youth (SMfX) began in th&l_ i
fall of 1971 to search for jﬁniorbhigh-school-age students who weYe - -
Precocious in mathematical reasoning ability as evidenced by very high‘ *‘
scores (660-890) on the Scholastic Aptitude Test Mathématicé (SAT-M) .
In order to disCover these tilented stﬁants. SMPY qgnducted'gltalent

N\ .

search in each of the years 1972, 197%, and 1974 (StaﬁLey, Kégting,

Fox, 1974). v

.-
»

The 1972 Contest S E

In March of 1972 saventh, eighth and young-in-grade ninth grade
students in the greater Baltimore area who had scored at or aoneithe g
95th percentile on the numerical subtest of an in-grade‘staﬂdardizéd-

achievement test such as the Yowa Tests of Basiclskilla were invited

-

to participate in a conte;t. Thgge-hundrad ninety-six students (228
boys and 173 girls) accepted the challenge and taok the SAT-M.’

The results of the testing weré Bt;rtling. TWen;y-two boys (about
10 perceﬂt of the male contestants) scored 660-790 on the SAT=-M. This
is better than the average Hopkins atude;t scoraed as an eleventh or
twelfth grader. Cleariy, there are many mathematically precocdious boys.

The highest score for a girl, however, was 600, Although 44 percent of .

the confestants ware airls, 19 percent of the boys acofed higher than

the highest scoring girl. The difference in points between the highest

scoring boy and the girl was 190 points (Stanley, 1973; Keating, 1974).




': of a standardized test such as the lowa Test of Bagic Skills. Wider

é

The 1973 Contest

In the winter of 1973 a second talent search was conducted. This

Fl

o ' L Y L
time students were considered e%}gible for the contest if they had -

'séﬁéad'at or above the 98th percentile on an in-grade numerical subtest /,fﬂ"-

* ’
A

-

.- . » ' El
puﬁlicityrhelped to increase the total number of students who parﬁipipa-

 2€3&,\|There ware 666 students'in the contest (420 boys and 246 girls).

fha percentage of girls, however, dropped from almost a half (44 percent}
in 1972 to just over a th;rd (37 percent) in 1973. This.degreasa-in |
participation by gir;slmay have béen due inlpar; to 'the fAct that there
were actually two contests in 1973 - one for ﬁathemat s in Janvary and
one in the verbal area in February. Students in botly contests took the

SAT-M and SAT-V. Students were told they could en oll for either contest

and be eligible for prizes in both. The total number of students in both

contests was 953. There were 537 ﬁoys (56 percént) and 416 girls (44 percant):..

The highest SAT-M score for a girl i?/the 1973 contests was 650,

¥ .
while two boys (one a seventh grader) attained scores of 800 (Stanley,

1973). Seven percent of the boys in ?he 1973 contests scored 660 or

moxre. No girl aid. ;!

The 1974 Contest A

In January of 1974 a third talent search for mathematics was held.
Students throughout the éntire State ﬁf Maryland who had scoresd at or
abovéfthe 98thnperbent;}e on +he numerical subtest of a standardized .
achiavamdat test were giigibla for the contest. The testing was conducted
in four centers across the state. A Eotal of 1519 students took the

SAT-M. Thirty~nine percent of the participants were girls (591).

.
~
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! Sixty-one studentb scored 660 or above. Seven of those students —

; : were girls.- One girl scored 700. The hiéieyscore earned by a. boy .

was 760. In 1§74.1ess than 2 percent of the boye scored higher thah ——

the highest scoring girl.

. o Sex Differences .
. L [

)

Thus as early as grades seven and eight boys out-perform girls on’ '

difficult pre-college level tests of mathematical reasoning ability and
» the differences are particularly striking at the.upper ends of the

distributions. The distribution of scores-by sex are shown in Table 1.

——

Insert Table 1

! -

. o~
~ The’ mean scores by sex and grade are shown in Table 2.

. Insert Table 2 . - T

In three years of searching SMPY has identified considerably more males-
than females who are highly precocious mathematical reasoners. The self—
gelection aspect of a contest ﬁay have contributed tolthe greater male
than female participation in the contest‘but'this'does net explain why
the ratioc of boys to girls who scored 660 or abone (16 to iJ'was so
much greater than the overall ratio of boys to girls in the contests
(1.4 to 1), ) >

whether or not these apparent differenceslin mathematical aptitude -\5“yf*;\
fef the tne sexes is a result of biological differences or differential
cultural reinforcements over time,‘df a eombination of the two, is not - ;

clear. Omne would expect to find a lfrge gap at the upper end of the

distribution of mathematical ability (as was found by SMPY) if the biologi— ,

cal explanation of sex differences in mathematical ability is correct. .

. _ 6




1975; Astin, 1974). .

Some researchers Pelieve that the differences Between the sexes in
average performance on tests of specific ahilities scch as mathematics
reflect &ifferential cultural reinforcements over time which have shaped
th career and eduégticnal goals, interests and echieVEments of the two
seXes }Aiken, 1970; Astin, 1968a, 1968b, 1971; Hilton and Berglund, 1971): -
SMPY“B study of the characteristics of mathematically precocious adoles-
cents does 1end some support for the sccial eﬁplanaticn of sex differences
at the higher levels of ability and achievement.

Boys wﬁo scored 666 or more on'sAThu'haq stronger orientations towards
investigative caceers in mathematics and science gna‘greate; thébretical
value orientations than did cheir less machematically precocices male and
female peers on the Allport-vVernon-Lindzey Study of Values (Ecx and Dancam;
1974; Fox, 1976}. Many of the highly mathematically precocious boys -
report studying mathematics and sometimes science textbooks systematically
with the help of a parent or interested teacher, while others have worked °
informally with mathematical puzzles, games and books. _What hag motivated
this extracurricular PUrscit of knowledge appears to be atrong theoretical
and inVestigative‘values gnd interests, .

' Girls, even the mostJmaﬁyematically talented, are far lecs likely than
boys, particularly the most matpematically talented boys, to seek out
special experiences relaced to'mathematics and science. Girls.tend to
have Qalues and interests of a more social thec thecretical nature {(Fox and

M °

Denham, 1974; Fox, 1976}. fThus it is not surprising that few girls report




- *

that they study mathematics on their own. Thus differential performance

L

by the sexes on difficult pre-college leveﬂ tnsté of mathematical reason= ¢
ing ability at grades seven and eight_could be partially a result of
jdifferential exponure to and practice with'mathematical problem solving
situations which result from different interests and value orientations.” =
Girlslalso appear to receive less encouragemént at home to consider °
scientific pursuits. In a small sample of gifted studenta studied by . J
Astin {1974) parents of boys often had noticed their sons® interest in
science at an eariy age. Pnrents of boys typically reported that they
hnd discussed cPpllege careers in science, mathematics, medicine, and
engineering with their sons. These parents repotted providing mnne . ]

scientific materials such as toys, books, and games for their sons than

did. parents of girls., Very few parents of girls had noticed their

daughters’ showing interest in m&thematicn or science at an eariy age.
Tne occupations whicn these parents had diécubsed with their daughters
were more apt to be traditionally femininp ones such as nursing and
teaching. The parents of the girls had given less thought to future
educational plans '-' r daughters than had the ‘parents of boys.
Haven (1972) found that girls who take advanced mﬂtheﬁaticslcourses
are those who receive encouragement from parents, guidance counselors,

°mathamatica.teachers, and peers. Thus,-hav{ng'the support of .significant

!

others is necessary to encoura girls who have Somewhat deviant (i.e.

rare or masculine) career interest

Studies of women who have rec ived the doctorate (Astin, 1969)

and of creative women mathematicians (Helson. 1971), indicate that

i

identlfication with prbfessi;;fl fathers, encouragement from appropriate .

3./
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female .role-models, nd parentai sEpport were impoftant factors in
'£§g devélgpmeng of t:gse_women. i%;ﬁg%;hEcessful women mathematicians
.'.are'first éeneration Americans, or daughters of first gaperatiqp Ameridans;
“Many are also oldest daughters in alljgirl families. Iﬁ has been hypo~
“thegized that families witich have no sons and immigrant families are
- more likely than other types of families in the United States to encourage
| theiy daughters' educational and career aspirations.
Whether or not gifted girls receive much special encouragement at
home to aspire toward professional careers, they are not likely to get‘
much special career counseling in school or sp;éiﬂl encouragement in
mathematics classeg; Teachers believe that boys are better at mathematics
than girls (Ernest, 1975} and thus probably féil to noticé and encourage
those girls who do have real aptitude for mathematics. Even in Fhese .
supposedly "liberated times", gifted giris who attempt to accelerate

a4

their mathematics education may be ridiculed or discouraged by insensitive

teachers or peers. Clearly, many girls anticipate rejeétion for appearing

different by moving ahead in mathematics (Fox, 1974a, 1974b; 1975).

Fostering Precocious Achievement

F

. Although it is difficult to draw'conclus;ions about the relative

g influences of biological and social factors upon the pexformange on
measures of aptitude {e.g; some would even argue the .possibility that some

of the differences in test performance are artifacts of biased test méterials),
there is clear evidence that'precocious achievement in mathématics can be
diréctly influenced by énvironmenfal factors. SMPY's ttempts to foster
acceleration in.matﬁematics provide some interesting insi\ght into the

dynamics of precocious achievement among, bright adolescent boys and Qirls.

-

9




Accelerated Classes

" In the summer of 1972, 30 end;offthe-year sixth graders (18 boys

and 12 girls)fwere invited to a .special’ summer mathematics class which,

_met two hours a week.  Fourteen boys (78 percent} and seVen girls (58

percentlaenrolled for the program The initial success of the class .in
mastering Algebra I with only 18 hours of instruction was so great that
the class continued to meet for two hours a week through the middle of -

the ﬁollowing summer. Of the 21 Btudenté who ihitially begon the course,

-

. 8ix boys' (43 peycent) and one girl (14 percent) completed the study of ‘- ¥

all their pre- alculus mathematics (3lgebra I, Algebra II, Algebra III,
Plene Geometr A Trigononeify and Analytic Geometry). Six of the‘boys
took calculus/ the followiﬁg year in a senior high BChOQ;h h
In the Summer of 1973, 85 students (51 boys and 34 girls) who had
participated in the 1973 talent search and who had scored at least 500

on SAT=-M and 400 on SAT-V were invited to a summer accelerated mathe— :

matics class. H:\t of these students were eighth graders’ who had complo;ed

_Algebra I. _Twenty-twolboys (43 percent)fand nine girls (29 percent) .

enrolled. Fourteen boys (64 percent) anJ‘none,of the girls completed all
the pre~calculus mathematics .by the middle og the folloning summer meeting
only two hoyrs a week during the school year and four hours a week during
the second summer. (George and Denham, JE?GL

Although these classes were highly successful in promoting precocious

Ay

in such a

achievement in mathenatics among boys, they were both far/ less successful -
with girls. First, mote boys than girls were eager to eﬁébll

program. Secondlf, girls who‘did-enroll'tended to “' p out of the classes
before their completion. . ot
Interyiews with the girls-indicated that one major reason for dropping

out was a reluctance to become accelerated in their placement in school.

' 10
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girl9 seemed to fear being labéled as different frcﬁ their

Y virtue of beccming somewhat accelerated. Glrls also reported

class meetings were dull,, and some made xeferences to the boys ~ )

classaes as "11tt1e-creeps"i' The overall reacticn to the classes

by-the girls was that it was socially unappealzng and might have nega— .

ay

v tive scclal consequences ﬁog e girls in’ schcol.

o~

; Itgffaﬁagnﬂ

themselves out of advanced mathematics classes in high Bﬁhool (Baven,

that aven’ very bright girls o‘!bn,self-eelect

1972) and that few women ever pursue doctoral d:7rees in’ mathematics

{e.g. in 1969 only seven percent of the dcctcra degrees awarded in

mathematics were sarned by women (Bisccnt#_and Astin, 1973)). Until

this present stud?,ohowever, it was not known that”brightlgirls in junior
high school weuld be far more relud¢tant than ?@ys to partiolpate in

' special acceleratad mathematics prcgrams and, especially to persist in them.

A class for Girls Only

L

The results of testing uaiues and interests of boys

.

4d girls in

girls

the 1973 contest suggested that even the most mathematigal

were likely to prefer goclal to theoretical activities. In combination

with the results of the first two accelerated'mathematics clagsses this

" suggested that to interest girls in learning mathematics faster it would

be important to consider the mocial aspects of a program.

I
”~

Thus in the Spring of 1973 an all}girls accelerated Algebra I class
was organized for seventh grade girls who had been in the 1973 contest

and - who had scored at least’ 370 on SAT-M (the average‘of female juniors

o

in' high gchool). The details of the program for girls are reported

elsewhere (Fox{ 1974b). 1In brief,‘the clasgs was designed té appeel to

the social interests of girls in a number of ways. It emphasized soc{al

. 11




-

*, [ 3

-

" aclience and methemetice.

- dooperation rather than cqmpetitien and was taught by a woran rathar than

a mah‘.. *Mnen gnd women scientists and mathematj.cians -gpoke’ to the girls".

ebout'exciting-cereérs'in mathematics and"ecience‘teﬁgh es opeiatione
research “health statistics, and eocial _8clence research) which deal.

with sociel problems ag well as theoretical onee. This epproech to &n

&
Eighteen girle {69 ,

eccelereted program was’ considerably more affactive in. recruiting girls.x -
of the 34 girle invited 26 enrolled (76 percent“.

Not all girls

percent) completed the course.

-

their mathemetics in school the follewing ypar end a £ew ectuel

howeveT,. ¢ ymee to dcce qrate

met '

with reeietence from their echools to thallr acceleration. pleven did take .

" a

Algebra II the following year; 10 of these (38 percent)'were.conaidered

“---ha-

The ,girls aAre now in "the terth

-

grade end 12 of them are-at ;eeet.one year accelerated in methemetics. .,

-

to have bden succesefully aécelerated.'

The emphasis on the social intereets of girle was mederataly effec-

-

tive in promoting greater achieveitnt in rmthemetics for girls than hed :

the two mixed-sex more theqreticelly taught classes. This approach,’

however, did not promote the same extent of ecceleretion for the girls

that the other two programs did for the boys. .

-

Othex Altarnatives

~—

SMPY and the Intellectuelly Gifted child Study Group heve aleo fourd
that gifted edoleecpnt girls are less aeager than thelir melo c0hortn to
ekip gredes in sachool ox take collage coursea in~ suhjects like computhr'
Girlsaere algo leee likely than boys to take -
advanced plecement couraee in ecience and mathematica in high: echool

The reason girls avoid these experiences saems to ba a‘result of faar of .

N

fallure and fear of social rejection by peers.

' ¢
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¢ Cenclusions vyt

5 . g . .-
On the basis of SMPY's research on the mathematically preccfc:i.'ous,
1t appears that males are- mnre likely than females to perform at a very

high level on pre-college level tests of mathematical reasoning ability
{at least*in a voluntary contest situation). The sizable gap between

the sexes on mean SAT-M scores and at the uppgr end of the distrlbution L

<

a early as grade seven suggests that there may be bmologically-based

differences between the sexes wiug‘respect to mathematical aptitude. 'E'

There are, hc:uﬂwewex:,l strong indications that some of the apparent \\

differences are related to environmntal fact@rs W‘hether or:not greater .
- efforts ‘to encourage and develop‘nathematical ;nterests among women an

- L1

childhood and adolescence could eliminate or reduce this sex difference

‘at the higher levels of ability is not knOWn. ‘ ' .
* Clearly it is much mnre‘difficuItAto foster precocious achievement

-

.»andtacceleratipn in'mathematics among-girls than boys. ‘Some attention
to the sécial interests of young women in structuring learning‘environ-

dents to foster accelerated.achievement appears torincrease the,rate of

participation'and success of females. To date, however, SMPY has not . "
: "

'effectively helped to accelerate any g1rl as far ot as fast as most of

the boys in its_programs. This should not be interpreted as meaning

that_it is unprofitable-to Worh with bright girls. Although mathematical

N -~

precocity thoth in measured ability‘and achievement) is_far more evident
\ among young males than females, SMPY's efforts to foster greater achieve=-
_ment am&ng very bright students does suggest that g1rls can be . helped to

"develop their quantitative potentials more fully.

1

If soc1ety is truly committed to encouraging women - to develop all ' h

their talents more fully, hcw can this be done? Removing external barriers,

3

; . S -
- ) >
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such as $ex discrimination in hiring, will not automatlcally cause *

“women to surge forth £ fill the ranks of scientigkts.

+ I . . ]

"Since the decline in both mathematicak interest 'and achievement appears

" which alm to change attltudes of Qarents aﬁﬁ educators_as well
‘matics and sc;ence can bhe used to solve 3001e1 problehs would seem L.

,t{cs and computer science both have great appeal to young girls and boys:

-in. mathematics among girls. Teachers should also examine their textbooks

A CEA .
- I E"-'F{:,. -'F .
5 ‘
- * 5 * P
. ? “";I ‘:IT s ,-<-#E' A\\ "‘: - '
i ¢ ’ v v L) -

= ‘'If we desire to increase wnmenfs participati n in the world of

sciencelahd mathematics at a piofessiehal level, [special efforts will '
be heeded'tﬁ enﬁbuggge ﬁomen tq”think:sériously about fheseﬂcafeer areas.

A i . . ..

-

to oecur at about the time girle'ﬁegin éecendary schooi; progrémS'aimed
‘& .
at increas;ng women s participation in caree;s should probably begin ﬁfk <

early, even as early as the elementary gchool years. Effo s dlrected _ N

only” at the young girls are likely £o be less succeSSfuL than progrems

LI .
" - - E

* Since most girls value social :mterests and careers of ‘a soczl.al

4
i 3 .

service nature, attempts to;teach girls aboﬁg%the-ways inJWhich.matﬁé;“ﬁ:w“'

de31rab1e. Thus, it ight be - approprlate to. initiate courses in

i

applied mathematics at the jgnlqr and senior-high' school levels., Stetie-
Courses ig environmental ;;oblems, psychology, oceanogfaphy, medical
sciehee, operations research, health statistics, and so forth, could be
offered, perhaps as mini—cogrses; te sfiqﬁlate inﬁereet in the applications
of mathematics and science he‘feal world‘prbblems. The teaching of such e
courses might be greatly enhanced by visits ﬁith'scientists inltheir_;
laboratories, |

Teachers of mathematics and science at'ell levele should examine

their own classroom behaviors to see how they can foster greater interest

for sexism, as’' well as their'own casual remarks in class. They might

[

14




make -an eEfor;‘to include a unit on the history of mathematics and

scienee which includes mention of the. contributions of women, as well as

men. ) - ' o3 - //’
£ . s
Mathematics and science teachers could join forces with ¢ounselors

to create special career counselzng programs for girls. Girls may_need
special counseling to help them see how important mathematlcs and

science courses are as background ﬁpr‘a wide variety of careers. Women

scientists and other pgofessidnals might-visiﬁ the school to talk with

[T - ) . Ay 4 |
girls about their careers. Teachers and counselors might make special

efforts to encourage girls and their parents to think about . educational

.

and career-obportunities in fields such as engineering, -statistics,
: , )
. - i
accountingv and so forth.-
.I'

b}athematics and sclience are exciting career f:l.elds. Women, however,
need help in learning that jobs wlth intellectual and social challenges

in 'science and mathematics exist for them, as well as for nen,

& -
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Table 1: Distribution of SAT-M Scores, by Sex, for Studénts in
3 Maryland Talent Searches conducted by the Study of
‘Mathematically Precocious Youth (SMPW), of The Johns
Hopkins University. . ] { . , 4
1972 1973 o \1/974/ N
Girls Boys Girls  Boys gja:i's Boys
o '\.I . -
) . t. L e .\
710-800 0 7 0 15, 0% . 16,
) o T -
610-700 0 36 14 - "6l 33 ' 128
' el : -4
510-600 46 . 60 82, 196 - 171 - 353 : “ i
410-500 67 70 119 116 " 284 3l
. ." 310-400 50 . 44 29 31 94, 9&‘;.' ", ;
210-300 10 6 2 - 2 ;.’9‘6' o s -\ .
N 173 223 246 - 421 591 928 % -
. . ¥,
Table 2: Mean Scores and ‘Standard Déviations, by Sex and Grade,
for Students in 3 Maryland Talent Searches conducted
by SMPY. ) ) . N L
: &\% ’ - .
1972. . 1973 1974 .
76 8 T 8 16 8G 7B 8B G 86 7B 8B %
N 77..96 90 133 88 158 135 286 222 369 372 556 .
X 423 458 460 528 440 511 495 551 440 503 473 540, '
. ' o
S.D. 75 88 104 105 66 63 85 8 -68 72 8 82 C
K
A & - . ;
‘ ]
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