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The primary focus of this paper is on understanding

factors related to sex differences in mathematics achievement with
partlcular attention to course-taklng. The perception of the
usefulness of mathematics for future educational and career plans and
the suppcrt or lack cf support from significant others appear to be
ths major factors associated with wcmen's decisions to elect or not
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educatioral policies and practices tend to reinforce sex-role
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body of this paper is as follows:
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The.Perception of Mathematics as a Male Domain;

(1) Perceptions of the Career
(2) Influences of Significant Others; (3)
(4) Attitudes,

Self-Confidence and Values; and (5) Educational Policies and

Practices.

The research studies were rather consistent in support of

the premise that sex differences in mathematics “achievement result,

at least in part, from social influences.
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Although males and femaies do not appear to differ on measures of general
intelligence, sex differences on tests of mathematical achievement are repeat-

edly found in adolescent and adult populations (ARiken, 1976; Anastasi, 1958;
Astin, l97ia; Fennema, 1974a; Fox, 1975a; 1975b; .Maccoby and Jacklin, 1974).

N

Dwyer (1976)“has suggestea that the tests such as the ééholastic Aptitude Tést -

Mathematics (SAT-M)} may be biased agaiﬁst females due to artifacts of test-

£ .

item construction and selection. Alas, the question of differential aptitude

is difficult to research because of the limitations of measurement tools and

7 e .

the overlap aﬁong measures of aptitude and achievement.

3 S : -
Fennema and Sheiman (1976) suggest that there may be no real differences

- .

in aptitude at éll ané'that sex differences on measures of aptitude and achieve-

ment reported in much of the literucure may be the result of a failure to con-
trol for differential course-taking. Large sex differences have k@en found in
favor of malef, however, among gifted students on the Schotastic'Aﬁtitude Test~

Mathémétics SAT-M) as-eanly as grade seven (Astin, 1974a; Fox, 1975af. These

4‘Eex differenc®s can not be explained in terms of differential course-taking.

It is, howevér, possible that differential exposure to mathematical games and

v .

aétivities outside of school accounts for some of the performance differences
(Fox, 1975a; 19;5b).

, The fact that far fewer women tHan men pursue careers in maéhematical
and scient;fip aréas and achirsve 10we£ scq;eg on tests of aptitude and achieve-~
ment in these areas has, until recently, been accepted as a natural consequence

of innate sex differences in aptitude for those fields. Staffeord (1972) and

Page (1976) have suggested a sex-linked hereditary hypothesis. A rival hypo-

thesis of merit is that sex differences in mathematical aptitude in adolescents
Q . e .

.
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and adults are a result of social factors (Aiken, 1976; Astin, 1974a;

-

Fox, 1975b; 1976a; 1976b) .~ .

-

. vhether or not one believes that there are sex differences in.aptitude,
one must accept the fact that there are great sex differences at the higherk

levels of achievement in mathematics that cannot -be-explained in terms- of

.

differénxial aptitude alone (Anastasi, 1974). Many females who do appear’to
s Y i

»

ﬁave the aptitude do not take the advanced courses (Ernest, 197é; Fox, 19745;
1974b; 1976c; Haven 1972; Sells, 1976). Farley (1968) has suggested that
perhaps there would be no sex differences in mathematics achievement if course-

taking was not optional in the high school years. Sells . (1976) says that avoid-

v

ance of high school mathematics courses, not ability, is the critical filter
' v .

that keeps women out of many career areas including, but not only, those in

.
Ve |

pure or applied science and mathematics. o

The primary focus of this paper is on understanding factors -related to

(4

sex differences in mathematics‘achievement with particular attention to course-
taking. Such a focus excludes an in-depth treatment of the process of general

socialization and child-rearing practices. Some studies purporting to assess .

snrialization influences on aptitude rather than achievement and course-taking

" have been included. By and large, the research has ignored social class and

racial or ethniq variableé. The interpretation and integration of the research
. i ,
literature has also been limited by problems of definitions of terms and dif-

ferent assumptions about the process of socialization and the meaning of sex-

A °

>

role"identity.
0 ' L N
The perception of the usefulness of mathematics for future educational and
career rlans and the support or lack of support from significant others appear

to be the major factors.associated with women's decisions to elect or not elect
-~ % *

advanced courses in mathematics. These factors are in turn influenced by the

O reotype.of mathematics as a male domain. Other factors associated with
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course-taking and achievement are attitudes towards mathematics, feelings of self-

confidence, and valuyes. Certain educational policies and practices tend to re-

~ - ~
inforce sex-ro}e stereotypes while some practices may promote greater course-
’ ~
© . > .
taking and achievemgnt. ¢ ‘

. - - é
. Thus the organization of the research reported in the body of this paper

N

[

is as follows:
I. Perceptions of the Career Relevance of Mathematics -

II. The Influences of Significant Others -
I1IT. The Perception of Mathematics as a Male Domain

Iv. Attitudes, Self-Confidence and Values

v. Educationallgolicies anq P;agtices

Some redundancy of topics from section to sectiocn appeared unavoidable.

Onissigns of some relevant research has also, undoubtedly, occurred. The re-
search, reported also varies in quality and someg important questions remain
unanswered. For the most part, however, the research studieg were rather

rermarkably consistent in support of the,premise that sex differences in mathe-

matics achievement result, at least in part, from, social influences.

i d

<

¢
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Perceptions of the Career Relevance of Mathematics

- One reason why many females do not achieve their full potential in mathe-

matics is that they simply fail to elect to take the advanced courses in the

. -
.

seccadary school. For some this decision may occur as early as grade seven

> .

wh-en Algebra I becomes an optional course for the eighth grade. In many school -
! systems, two years of high school mathpmatiqg are all that is required. Even
‘females who elect a college preparatory program in high schogl are pot typi-

B cally required to take Calculus. :Several studies indicate’thatﬂfemales, even

°

those who are college bound, ‘elect not to take the advanced mathematics courses
* - - .

because they do not perceive them as useful to their future educational and

career plans. ) . 4 ) , "
4

“©  Course-taking and Achievement ' '

Haven (1972) found that the two most significant predictors of taking
courses in methematics in high schéol for above-average-ability girl§ were the
: perception of -the usefulness ofpmathematics for future educational and career
goals, and greater interest in natural sciences than the social sciences.
Sherman and Fennema (1976) also found that course-taking in high school was

A related to the perception of the usefulness of mathematics. In a study of

.

. women mathematicians, Luchins (1976) found early career commitment among a

third of the group. Almost all of thé mathematicians had felt a strong interest

in mathematics before entering college and a third, before age 12. °

LY
-y

» « * &
F Fennema and Sherman (1976) found significant sex differences on achieve-

i

ment tests in two high schools where there were also significant- sex differ-
" ¥
ehces in the perceived usefulness of mathematics, but no such differences in

achievement in the two high schools where there were no differences in the

-

pérceived usefulness of mathematics. Hilton and Berglund (1971) also found
@ significant sex differences in the perceived usefulness of mathematics in

o N,C - . .

PR~ v ic Ry -

£ g . ¢ R
5 . - . s . e
_ - . 5 . - “ ’ . X M

Toxt Provided by Eric [




o«

mathematics achievement are rarely found in elementary school populations. 1If

grades nine and eleven. They also reported a significant.relationship between

e

the increase in sex differences on achievement tests and perceptions of the
usefulness of mathematics for earning a livinq.- Fox (1975c) found significant
sex difference; in the perceived usefulness of mathematics in a study of gifted
seventh and eighth graders. There were also significant sex differences'on °
measures of aptitude and career interes~s in the population. -Although the -
percezved us;fulness of hmathematics ;;s not significantly related to the ex-
pressed willingness to acéelerate in mathematics for the sdmple studied, it

‘- .
may be}related to their future willingness to take advanced courses. Hilton

o
and Berglund (i97l) concluded that sex differences in the perception of the
usefulness.éf mathematics resulted from the sex-typing of g?thqmatics and
careers. N

The perceived usefulness of mathematics appears to be different for boys
and girls for® three related reasons. First, girls are less oriented £o careers =
Oth;r than homemaker than boys. Second, girls who express career interests |

are more likely to be intereﬂted‘in fields other than mathematics and sc%epce
than boyz. Third, girls who are intevésted in careers in business, nursing, N
ecucatiion and the social sciences, etc., are likely tosbe Unaware of the rei-
evance of mathematics and science to‘these professiéns. Sex differences in

Py

courses were optional in those years, perhaps sex differences ‘would be found

sooner,

Career Orientation

Sex differences in car~er interests are found as early as kindergarten
ané first grade (Looft, 1971; Schlossberg and Goodman, 1972). 1In one séhdy,
girls and boys were asked to describe a typical day in their life as an adult.

Even the girls whq had initially indicated a career goal other than homemaking

[
Y

8 ' ‘
. e
»
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. .-

descrlbed their typlcal day as being spent as a wife or mother, rather than

- . LY

“at a job outside the home (Iglitzen, 1872, 1973) In a 1976 study of national

merittscholars séx was the single best predlctor of career aspiratlons (ory and

' Helfrich, 1976). ” B

. a
- L. “

In an article entitled "Women im Science: Why so‘Eew", Rossi (1965a) c .
~ s R .

speculated that it is the bellef that marriage and careers are not really com- N

patible for.women that lies behind girls® vacillation between the pursuit cf °

- . NI
. -

socE%l pepularity {(the percelved road to a successful marriage) and excellence ’ .

- -

Q
in scholarship (the perceived road to a successful career) . Astin (1974b) con-

cluded that if a woman anticipates a conflict between the homemaking role and

« a career, she is likely to forego the career.‘' Ory and Helfrich (1976) found

that females who held non—t;aaitlohalAsex-;ole stereotypes were more likely to
*desire professional careers than those who held traditional vieuws of sex-roles.
Smith (1976) asked girls what they perceived as barriers to career plans;
ovar half the respondents listed the following barriers: first, a long term
cormitrment to a career interferes with raising a family; second, womerr have

less geographic and thus career mobility because they must adjust their careers

so as rnot to interfere with their husbands' success; and third, a.strong career

A4

T cemmitment would interfere with a happy marriage.

It is interesting to note that the gifteq’men in Terman's longitudinal

study o genius whe were'married actually reported their greatest life satis-

faction was derived from their famlly, followed by thelr career. The majority

3

oZ thesz men were profe551onals, many in‘science areas (©den, 1968‘ Sears,

1378). Pe{h:ps.we need to make this finding known and see if it is replicated

-

in other samples. Clearly, the fact that these men gained their greatest satis—

factlon from the family did not inhibit their success in the1r careers (Sears,

Y

‘976; Oden, 1968): A follow-up study of the gifted women in Terman's sample |

- ’ | 9

Vv




: . .. Y
found that the’ women who had careers derived great satf%faction from them,

. N . . .

whether or not” they had fam@lies.(Sears and Barbe, 1975).

g -

-

. 4 .
}\myth'is that, while women may work outside the home, a ful}zggedged career -~
- . . : R . .

' . will detract from their family life and, thus, their total fulfillment.

D

-~ - ¥ . p -}

. b e’ . R s

- . Hawley (1971; 1972) and Astin (1974b) concluded that marriage was the pri--
S . . . . .
. -mary goal of most women, and if they do elect a career, it is based on what

they -feel men can tolerate.  Astin (1974b) finds that while husbands of career

women may be tol%%ant or even supportive of their wives, professional men in

-

. . general hold negative attitudes towards women who try to fulfill the dual role
K L. A . ..

of career woman and homemaker. Entwisle and Greenberger (1972} concluded that

4

¢
W7

oecrs, especially male peers, exert considerable pressure on adolescent girls'’
¥ -
" qccupational aspiratiops. White middle-class adolescent males were the most
} © . . _
conservative in this respect. Although black adolescents wexe more liberal

than whites, tﬂey are not strongly in favor of leadership positions for women.

‘. ~It is interesting that so many males perceive a conflict between.family’and
o' t-
I'd
. career responsibilities for women, but not men. - ) .

-4 . ’

. Astin (1976b) concluded that there was little research evidence on how and

-

. ‘ 5 .
wR7 differences exist between women who decide to work and thdse who do ndt.

4

Cne nqtéworthy diffSrence that.has been found\;épegtedly is that girls who éer-
s ) sist.in career interests from high school to adulthood.ar; likely to score

- higher on mathematica} aptitude tests than less career oriented.girls (Astin,
I ‘ 1968; Actin, 1974a; Astin and Myint,.1971). This suggesfs that autonomy and in;

1) M . LY
dependence are associated with both career interest and mathematical competence.

L (Additional support for this hypothesis is discussed in the sections on parental

-

factors.). . ’

a

altnhough Astin (1974b) concluded that there was,a éaucity of good reséaéch

on sex role identification and early socialization as related to career choice,

10

Yet, the prevaiiing'a'

<3




- . .

there are a few interesting relationships and trends suggeeted by the litera-

¢

ture. Presumably, women pattern their career expectations after the women they

‘see. Girls see their mothers staying home and their fathers going to work

(Rossi,- 1965b) . Lack of appropriate role modéls for girls limits their career
. . PN -

choices (Lipman-Blumen’, 1975). Astin, Harway and McNamara (1976) speculated
that many“young.girls$may be thinking about a career, but they have no experi-
ences to help them know what is involved in the role of the career woman, so

they_fogus instead on the female roles of wife and mother with which they are

»

familiar. Women who go on to graduate -school are iikely to have had working
-~
mothers. Astin (1969; 1974b} concluded that either identification with the

father, or.a working mother are factors tht influence a girl's career crien-
’ >

- ~

tation. . Girls who perceive thellr primary future role as wife and mother are-
s a .

certainly not likely to see advanced mathematics courses as relevant to this

N
. ‘ M "- -

goal.

- . )

- . . .

Career Interest i'n Mathematics and Science R

If rcle conflict and absence of models are major barriers to developwent

. . . ~

of career interests in general, they are even greater barriers to the develop-
- "
ment o- career interests in mathematics or scientific .fields. ‘Professional
“ -
careers in the sciences and mathematics are perceived as’ too demandzng for
women whe wish to combine a family and a career. Many scientific careers re-

guire iong years of training ang do not lend themselves to interruption during
e ~ ’ -~ . .« ® .

the child bearinc years (Rossi, 1965a). Rossi'(1965b) found that female college

~

N
gn\?uates believe that women do not select careers in med1c1ne, science, and

-

englneerlng becaus2 they belleve that these fields do not offer part-time or

.intermittent work. ‘Astigr51969) found that college woren in general do not

3 . - . * .
pursue graduate training. Thus, .they avoid careers in law, medicine, and sci-
ol ’

L4 .

ence that éequire advanced degrees. Prediger, McClure and Noeth (1976) feﬁnd

that ninth and twelfth grade gir's expressed doubts'about the ﬁeasibility of

Qo ’ . .
R\ﬂ:nbznzng family life with a career in science. Although they lacked -
N— Y

.
- - - - N
] - 1% - .
- . i —
S B L. . . -

-
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 (1976) reports that the stereotype of the mathematician is a person who.cdn
. ' . ¢ . |

visihle to the general public. A sctudy by Mead and Metraux (1957) found that
& ’

g

~—

-

. believe that the preparation would be long and dif€icult. Even mathematicaﬂ{y

~gi£ted seventh and eighth graders differ drastically from boys with regpect to:

":Ehe composite image of the scientist held by adolescents was of a personh who

-,

. .
infoxmation about sp‘cif!c steps in prepatlng for o science career, they did

in;ereseﬁinugareers in mathematics and science (Fox, 1974p; 1975d; Fox and
Denhaim, 1974) .  Fox, Pastefnak, and Peiser (1976), however, did find that

gifted seventh grade girls are more likely to be interested in science and

Wathematics careers than are average ability female adolesgents. '

-

The absence of role models and the presence of negative stereotypes

appears to contribute to the lack of interes® .in scientific careers. Luchjns-

!

ohly “cotmunicate with other mathematiciaas. Unfortunately, this stereoty%e is

réihforced by thé isolation of research mathematicians. They are not highly

- v

-was intelligent and dedicated, but whose work was dull and who neglected family

and ‘pthér 1nterests. ahlgren end Walberg {1973) also found the stereotype of

Sgéenfiéts to be remote and unsocial for high school students in physics
R - »
classes. These negative stereotypes are hardly inspiring to adolescent girls
. \
who bbLleve that- marriage and family life are 1mportant.

ﬁlost.and Rosen (1974) found that eichth grade students exposed to a slide-
) o

%ape-pzesehtationedepicting men and women in two previously unfamiliar ghgupa-

tioqs~in-the cdhpuéef science field preferred the one depicted by the like-

sex médei. The effect of like-sex model was significantly more potent for girls
I ’ ‘s

‘than boys:, Males:and'females alike tended, however, to a551gn more prestigous

-~
»

) c e < , . . )
charieterlstlcs td the occupation depicted by the male. This seems to raise

the questlon, not analyzed by the authors, whether the glrls prefer the ocrupa-

-~ D 3

tion because they identified with the female role-mcdzl, or because of the lower
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status they assigned that occupation by virtue of the female model.

-

The

students were simply asked to express a preference for one of the two occupa-

.

tions‘ depicted, both of which were within the general computer area. Whether

or not the students were serlously interested in the careers depicted is not

>

known.
Lantz, West and Elliott (1976) reviewed projects funded by the National

~ Science Foundation designed to increase the participation of girls in mathe-

~ &
oy

‘matics and ecience, and concluded that role fiodels appeared to be the most

t - ”

Meftectlve component of some of tne projects. In a pfoject desiéned to recruit

'nwomen to englneerlng careers, Leonard, Fein, Frelm, and Fein (1976) found that

P . a‘

vy

3

Y
2
2

" the, female role models who lived with the freshwomen in thelr dormitories may

N v
Y

have helped ‘reduce the feeling of dlscrlmlnatlon towards females in engine-

°ring that the students felt at the beglnnlng of the program. Thomgson (1976)
' - 4 .ﬁ_ﬁ%

felt. that see1ng real women in these kinds of Jobs.made~the girls more positive

*

towards majoring in scientific areas. Levine (1976) interviewed female mathe-

maticians and cited several instances where the women mentioned female rnle

modéls as being important in their decision to centinue studying mathematics.
shith (1976) reported that role madels heiped reduce the perceived conflict

between parenthood and careers. Cassefly (1975) “Eound that,gi:ls who had an

N
apprenticeship in a museum with a doctoral student became extremely enthusi-

.

astic -about science. They reported: "We were Junlor partners 1n hef dquest."”
e - S
Luchins .(1976) réported that a-woman mathematician felt that encouragement-

Tn
©

from a female mathematics profeésor had mean€$a~great deal to her. Luchins

o~

sugges?ed that women are not aware cf female mathematicians who have "made it",

and that books on the history of mathematics should pay more atterntion to female

o«
’

*

mathematicians. . ’ -

It is ot possible to-say.how lasting the influence of a short-term con-

Q

-l e oicod o e g

llzRJﬂ:ract wlth ;one or more sallent role-models will be. Career education models

19 L R
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whic % not employ live role-models appear to be less effective than those E

that do. Prediger, McClure, and Noeth (1976) sent information to_twelfth

grade women about programs in science and technology at colleges chosen by the
aséudents. A booklet depicting women in interesting careers in science and
technology was also enclosed. This program was not found to be successful in

increasing the students' interest in such careers or majors. Prediger et. al. |
d

-
\

(1976) also experimented with ignon-sexist.interest inventory supplemented
e

with group disqussions of career planning in general, and science and tech- ")
- L + " NS

nology in particular, with ninth-grade girls. Tris form of intervention wasi )

also not successful in changing career interests. )
1 v

P

There is a clear need for more research on career education program

relevance of mathematics to many career areas other than purely scientific

models for women. Personal communications from Prediger statad that the
failure of the two career intervention attempts may have been in %art‘becauge
ninth and twelfth grad. is too late for effective intervention. The precise‘A 'f

age at which intervention is necessary is difficult to assess. Even by kinder-

[ P

garten children have stereotyped perceptions of women's work (Schlossberg and

Goodman, 1972). These views are contihuously reinforced throughout the school

—— H

<

years. Perhaps career awareness programs shduld‘begin in theﬁear1§wéieﬁeﬁzs§§

school years, followed by more intensive programs in the middle and high
school years. . . )

Knowledge About:Careers

Fennema and Sherman (1976) have suggested that girls are unaware 6?’the

v

- _ 9 -

ones. Anecdotal accounts support this view. More systematic study of this

question seems warranted. In a pilot study of career awareness and mathe- ‘ K

- »

matical skills, fifth and sixth grade boys and girls seemed to be relatively

14,

.
et A s




naive about the uses.of mathematics. After exposure to a program that .

emphasized the applications of mathematics to art and social problems the

girls became considerably more -positive about sch031,—reported liking mathe-

¢ - matics more, .and showed some increased interest in scientific careers (Fox,

1976d) . A somewhat different but related mathematics program is now being

o

My

tested fof4college students at wgllesley (schafer, 1976) . The results of

this approach will be 1nterest1ng.-

K

: Knowledge about the app11cat10ns of mathématlcs to real life is sorely“

.c»

lacking in most mathematics curricula. Word problems\ln algebra, for example,

S N
N - Ve

i that deal with rowing boats up and down streams or draiﬁigg vats with differ-

°

ent sized pipes are not: very relevant to many life .situations. The introduc-

tion of courses in comphter scienceé and“appiied~statistics‘atﬁearlie;_ages o
might make mataematics scem somewhat more meaningful.

‘When girls are faced'pith decision about taking advanced mathematics
courses, they are likely to seek guidance from significant others in their
lives, such as teachers, guidance caunselors, peers, and parents. Girls are
also likely to be influenced by indiregt, as wall as direct:, messages they

-
received from these .important others in:their lives and the society as a whole

about the relevance of careers in general, and achievement in mathematics in

particular.

Full Tt Provided by ERIC.
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The Influence of Significant Others:: -

a

The impact of significant others upon course-taking and achievement in
mathematics, and career aspirations seems worthy of special attention. Parents,
peers, teachers and counselors have tremendous influence upon the child and

adolescent learner. Unfortunately, very little research on child-rearing

L]

practices has focused specifically on the development of compéetence in mathe-~-

matics. In this section, some general discussion of the child development

literature will be interwoven with some studies of the specific impact of

- A . .

socializing agents upon mathématics achievementl The presentatlon of qhe data
‘\ N

on the impact-of significant others is glven in reverse order of apparent po-

v <

tential-forﬁinfluence,_-Thus,_counselors_are_perceigedﬁgs the least potent

:
¥

w ety

influence, and parents as the most significant others.

L

Counselors ! . .
e T — ~ . . w . /,

- o -~
Harway, Astin, Suhr, and Whiteley (1976) reported that females were more

>

. likelf than males to seek advice from counselors. Haven (1902) found that

N ) 5
girls seek advice from counselors, more than any other source, regarding ad-

P

vanced mathematics courses. Numerous sources suggest that the girls receive:
. .

llttle encouragement from counselors to pursue mathematics courses or "deviant"

e ———

career goals (Casserly, 1975; Harway, et al., 1976; Christman, Vidulich, Dralle,
and Kirk, 1976; Haven, 1972, Luchlns, 1976, 1976; Perucci, 1970; Schlossbherg

and Pletroflsa, 1974; Frledersdorf, 1970). For example, Haven (1972) found that
<
, 42 percent of the girls who were interested in careers in mathematlcs or science

reported belng dlscouraged rather than encouraged to take advanced mathematics

N @

courses. Over half of the ¢irls who did nét take the courses reported no
encouragement to do so from co.nselors. Whether or not they were actually
discouraged is mot clear. Casserly (1975) and Luchins (1976) reported that

flﬁi - : E? ‘
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counselors actually admitted discouraginé girls from taking thé advdnced

courses. The reasons counselors gave reflected their stereotypes, For example,

i

counselors said that they discouraged girls from taking the cou:ées because a

¢
*

low grade would hurt the girls' otherwise excellent school resprds. Other

reasons were that jobs in the sciences were scarce and should go to men, or
.that such careers were. too demanding for women. Perucci (}p70) noted that even

in some elite women's colleges, counselors discourage women from careers such

i :
»~ . as-engineering and medicine. . // .

[ . 1 -

Cassefly (1975) sugéésted that female counselors méy be brojecting their |

-

>  own anxieties about careers in mathematics and science onto the women they

3
-

* counsel. Harway, et al. (1976) suggested that counselors are either ambivalent
. 4
—————ou—negatlve.__Ehomas and Stewart. (1971) said that girls who are contemplat;ng

"deviant" careers may find themselves confused by the stereotyplc thlnklng of

~e

t. 1r counselors.

v

One bright spot is that students may not be strongly influenced by their

v

counselors. Harway et al. (1976) reported that the majority of students
(87 percent) felt thst counselors exert little or no influence. Casserly (1975)
recorted that in only five of thirteen high,schools, students rcported seelng

-

coznselors as a positive force in their lives. Haven (1972) -also founthhat

2.
4

nany girls ignored their counselors' advice about mathematics courses. It is
B also important to note that stereotyped thinking may be declining among coun-
selors. Englehard, Jones, and Stiggins (1976) reported that .counselors’
. ; -
_at:gtudes in 1974 were less stereét}ped than in 1968. Changes in cognselor

at=:tudes should not be left to chance, however. Perhaps "counseling" for

counselors is needed. o i .

17
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Teachers N

' student achievement as suggested by Rosenthal and Jacobson (1968). 1In some

- studies, large effects have been found (Dusek, 1975; Lockheed, 1975). The

hand, werevfrequently c1ted by women mathematicians as a major factor-in their

“Solano (1976) found that teachers have .more negative perceptions of mathema~

. (Bean, 1976; Good, Slkes, and Brophy, 1973; Levy, 1972; Sanderson and Andérson, 1960

‘
< <
“

_ There is some controversy over ghe effect of teacher expectation upon

Y

support or lack of support of teachers do¢s appear to have an effect on female
achievement in mathematics. A very negative attitude towards mathematics is
often linked to bad experiences with a teacher (Ernest, 1976; Haven, 1972;

Poffenberger and Norton, 1956, 1959) . Inspirational'teachers, on the other

>

choice, pf .career (Luchins, 1976) . Studies by Casserly (1975) and Anderson

o

(1963) also showed the nositive effects of non-sex1st and enthus1&st1c teachers

pon the 1ntellectual development of girls.
Ky - - ) . . . (¢

Unfortunately, teachérs appear to have different expectations for girls
A
and boys 1n mathematics at the- hlgh school level {Ernest, 1976, Lev1ne, 1976).
tically gifted girls than boys. Fox (l974b 1976c) found that teachers can be
hOStlle towards mathematically gifted girls. Frazier and Sedaker (197%) have

.

referred to teachers as "hidden carriers" of society s sex-role stereotyping.

Such- stereotypic thinking appears to be common among both female.and male
» - .

teachers. . . . . o .

! N

Studies of student - teacher interaction indicate that teachers interact

o -
» «

more with males than females, especially in mathematics and science classes

Stacey, Bereaud and Daniels, 1974). Female students appear to be more sensi-~ ;

tive to .corrections by teachers (Dweck, 1976; White and Aaron, 1967). It seems
1 h . .

likely that most teachers are "unconscious sexists" and should be made aware,

.o- the negative outcomes of their sex-role stereotyped attitudes and behaviors. _ é

» . . -
. 18 e
. U : .. R
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When teachers actively recruit girls for mathematics programs and expect them

to perfogm as well as males, the results are significantl§ positive (éasserly,

1975). ) s

The impact of teachers upon students seems to be most potent at the ex-

..

tremes of attitudes. Thus, a very bad experience with a teacher may be in-

fluertial; and when a teacher makes a very strong effort to support and .,
b
encourage, it may also be influential. The overall impact of teachers may be
. N ’ N “ .
less potent than the influence of others. Additional research on the influence

S
»~

of teachers will be presented in the section on attitudes.

¢

Peers

A N

LI

o

'Maccoby and Jacklin (1974) asserted that boys and girls were equaliy af-

fected by social stimuli. They, like Coleman (lQél[, however, noted that
- x‘ - " - . N Q. ’
girls gravitate towards small sdme-sex_cliques”while boys function as loners

or in larger, more flexible peer groups. The pressure to conform is somewhat
X ) . :

-

greaterin éhe smalier peer group. Shapiro (1962) found that'upper elementary -

grade girls (grades four to six) were more susceptible to peer influences than

were boys. : . .

.
>

In the elementary school years, Ernest (1976} found that students believe

their own-sex peers are superjor in all subjects. In early adolescence, gifted .

girls and boys tend to see both sexes as eéually talented in mathematics (Fox,

197¢¢). In the high school years, however, males and females are more likoly

. v
to perceive mathematics as a male domain (Ernest, 1976; Fennema and Sherman, .
1976; Sherman and Fennemé, 1976) . Sex differences in achievement were found

in scH ols where mathematics was fabeled as a male domaln but not in. schools

e 3 *

‘whe%e rt was not stereotyped (Fennema and Shefman, 1976; Sherman and Pennema,

1976). .




-

Thus, in adolescence, girls may perceive real peer pressures against

achievement in mathematics. Solano (1976) found that adolescents have a more-

negative stereotype of mathemafically gifted gfflsmthan boys. In adolescence
N .

and young adulthood, the peer pressure against achievement in mathematics may

- be directed more strongly from male than_female peéfs, at least in some situa-

M

‘tions. “Entwisle and Greenberger (1972) found mibdie-class males were less

T \
. -

sugpottive of achievement for women than Were“the glrls themselves or males

1
» -

N
from the working class. Fennema and sherman (1976) found males more than

~
[As — -

females stereotyped mathematics as a male domain. Husbands (1972) found that

female college students were more conderned about male than female perceptlons

of their femininity. G1rls did not socialize or date the boys in their advanced
placemenf classes in’ thé_Casserly (1975) study.
. . é . o

- Anecdotal accounts illustrate how peer pressures can operate. One mathe-

nd

matic;lly gifted'gi;l dropped out of an accelerated mathematics program only

. s e
beczuse her best friend did so ‘(Angel, 1975). Although many\mathematically
B ‘“\

“ —

giZted nales skip gredes\or take college courses early with little or no~problém\\<g

o

(stanley, 1973),, mathematically gifted girls are very relucfant to skip a grade;

or take college courses early because of fear of peer rejection. -One-girl was

eaév to abandon a grade-skip in the first week of school and Yeturn to the

lowsxy grade because she haé no friend with whom to eat her lunch (Angel, 1975).

> . ~
casserly (1975) found that girls who took advanced placement courses in mathe-
meticsAremarked oﬁ the impoptance of a girlfriend's suoport to help deel With
‘the'disapproval of boys. .

chieveoept\aéd course-~taking in mathematics and science appear to be
inluenced by the sex-ratio of the learning situation. Efforts to recruit

-

girls fo f special mixed-sex mathematics classes outside of school were not”

20

¢




-

- | ' 18

very successful when the number of girls was small. When an ‘all-girl class

-~ ~

was arranged, the response was con51derably hlgher (Fox, l974a, 1974b; 197€c).

- '

Ruehl (1975) found that girls paired with girls in a physics lab were more
@ucbsssful than boys-paired'with boys, or mixed-sex pairings. Presumably, the

all-girl classes or pairings allow girls to achieve by reducing sex-role

«

conflict. Hurley (1964; 1965) found greater gains on achievement tests for

. @ ©

girls in all-girl classes at the fifth grade than for girls in mixed-sex classes
at the.end of one year. This included a significant gain in arithmetic concept
scores. Boys made few gains in the first year, but did better the second year.

Teachers noted a significant decline in sex-role stereotyped behavior for both

[ . ¢ . -

sexes in the same-sex classes. Ironically, the boys, but not the girls, wished

o

"to continue the same-sex classes. Why the glrls did. not like. the sex—segregatlon

E3

is not gnqwnr Husbands (1972) argues agalnst sex—segregatlon at least at the
“collsée level, because the quality of the mathematics ans science offerings will
becometdiluted th all-girl classes. 5
Although all-girl classes may not‘be totally:acceptable to girls, thsre
ﬁayibg sshegyalug in having-prog.ams that track gi;ls early for academic pro-
grams that lead to the taking of advanced courses in mathematics and science
‘IRgx, 1975b; 1976a) . Bsth Haven (1972)‘snd Casserly (1975) found this to be'
true. ‘Being "tracked" as early as grade 4 may ‘instill in the student the expec-
tation thsz\ag academic program, including advanced mathematics and science, is

ineviﬁable. casserly (1975) found that for girls not tracked early, the place-

ment in Algebra in the eighth.gréde was often traumatic. Early tracking also

may lead to the developme of a peer clique of girls who support and ;einforce

each other. Farley (1968) went even further and recommended that four years of

mathematics be required for everyone. This would eliminate course options and

-
«
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.

-~

.dif*1se the mystique of mathematics as a male domain. If choice is eliminated,
! . .

’ M

g'irls. would not have to lefend their pursuit of such courses .to male Qr female

.

5:::;.-‘. -“i‘l...'l' - . 3
Deers. YOe.

<

- - v --

ttitudes of peers may be more important in reinforc}ng exlsting stereo-
types and attitudes than changing attitudes ‘and behaéiorsy(Almquist and Angrist,
197i) . Poffenbergér and Morton (1556; 1959) noted that basic attitudes aﬁd
beliefs about mathemetics are shaped before the child euters school. It isg

4

generally believed that the prime.agency of socialization is the family. . :

Parants - ' s

¢

, - A
Ina review of the general literature on socialization and sex-typing

- F

Maccoby and Jacklin (1974) concluded that there is "a remarkable degree of

-

unifornity in the soc1a1 zation of the two sexes". The major sex&érffsgence
s‘ Chede Y

. ..“1'4 - . e

is that boys seem to have a more intense SOC1a112atlon _experience -than glrIs. .

e T

___¢<_..--" ,1#5

beravior fhese conclusions are based on sex-typed behavior in‘narrowly

deiined tegms, EuEh as, toy preference and clothing. Parents teportedlyfnoticé'

24
[0} S a4

-

=v punish wrong behavior more when it is seen as sex;inappropriate than

sex-a;propfiate, while relnForc1rg desirable behavior more when it is seen as
sex~‘rap ropriate rather than sex-approprlate. Maccoby and Jacklin (1974)

reier *o this as the "perceptual adaptation level" hYpothesis. They cited no

s+uiies, however, relating this to mathematics achievement. “ Lo
- v - ¥

~nere is some evidence that support and encouragement from parents are

crizwal for girls in their decisions to elect or not elect mathematics courses.

ir h;gh school (Haven, 1972; Luchins, 1976; Poffenberger and Norton, 1956;

[y
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1959). Fox (1975c) found, that mathematically é}fted boys were significantly

A

more ‘likely to perceive their parents as favorable towards acceleration in

‘mathematics than were girls.” Anecdotal evidence from the Study of Mathemati-

2, R . '

- cally Precocious Youth indicates that the girls are correct in perceiving less .
parental support (Stanley, Keating and Fox, 1974; Keating, 1976). Fennema

and Sherman (1976) also found sex differences in students'reports_of parental
‘ il

perceptions of the child as a learner of mathematics. '*““*b“*%‘
The influence of fathers may be even greater than that of mothers.

Haven (1972) found that girls were more likely to discuss course-taking with

fathers than mothers. Ernest‘(l976) found that at the secondary school 1evel '

- —
et —

boeh males and females. turned to the fathers rather than the mthers for help t

i

. with maghgmgtlcs-homewo k. Carlsmlth (1964) found .that mathematics achieve-
e §
‘ment was lower for both boys and girls in father—absent homes than in homes

»

- where fathers were present. Helson (1971) suggests that fathers were more .
salient parental figures than mothers in homes of woman mathehaticians. Block .

(1973) concluded that fathers were more potent agents of sex-typing than

©

mothers.
In general, parents are less iikely to notice and encourage mathematicai
talent io female offspring. Astin (1974a) found that parents of mathemat;oally
ifted boys were more likely than parents of girls to notice their offsprings’
talent in early childhood.. Also‘parents of boys bought toys of a scientific
natu;e for their sons more often than.did parents of giris. The provision by
« " parents of more toys, games, etc. of a scientific nature’for boys than girls
was also reported by Maccoby and Jacklin (1974). Casserly (1975) noted that

girls in her study felt that they had received fewer such toys than their

Do
(N
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ot e,

brothers. Career goals and educational plans were more likely to be discussed T,

with children by the parents of boys than by the parents of girls. v

a

Levine (1976) found that parents hold lower educational aép}rations fof )

L3 *

daughters than for sons. Casserly (1975) also found that parents had limited
N

aspirations for daughters. Levine (1976) found that 75 percentnof the mothers

A . -
of girls who earned poor grades in mathematics accepted this as inevitable
because of their own lack of ability in mathematics. Parents of boys who
earned poor grades in mathematics were likely to say that the boy was simply

lazy. Thus, lower levels of achievement in mathematics are more easily ac-

- Y

L] - —

__cepted by parents of girls than parents of boys. Helson (1971) found that

4 L3

'S i t L .
female mathematicians in the United States, particularly creative ones, were

likely to come from all-girl families and/or were first or second generation

" Americans. This suggests that parental expectations for daughters ar€ in-

fluenced by social factors.,K If fémily.reéburces for education are limited,

.

the presence or absence of a male child may influence the degree of support and

encouragrment a female child receives. Casserly (1976) found that exgﬁ in

"working class families where the°aspirations for daughters were high, the un-

<

derstanding of\how to.achieve the goal was missing.
Several studies suygest that the development of a low numerical ability

pattern or its converse result from specific child-rearing practices. Bing
. .

-

(1963) 'found that discrepant verbal ability.was fostered by a close relation-

. .

ship with a demanding and intrusive mother, while discrepant nonverbal abil-

ities are enhanced by allowing a child a considerable degree of freedom to

experiment.on his or her own. A marked pattern of help seeking and help giving

interfecres with the development of an independent, self-reliant attitude.

v
2

This,

<

3

~

v

N
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in %urn; is needed for non-verbal competency. Unfortunately, Bing did not.
- \_ - .
control for hereditary influenceé. Perhaps non-interfering mothers are them-

selves less wverbal. Other studies have, thever, found similar results. -

-

Ferguson and Maccoby (1966) found that high number abiliity boys‘and,éirls

were detached from their parents from over-close dependency.” High .verbal/

------

i\

Block (1973) reported that parents of boys emphasize achievement, compet1~ .
e ) -
tion, and control of feelings and expressxon of affection. Parents of girls
R

empha512e 1nterpersona1 relatxonships, affection and protection. Although

—...‘_M ———

White (1973) has suggested that there is a generalized parentlng style “that

~

fosterS‘@ompetence in ch11dren, Baumrind (1972) notes that a parental style
may have dlfferentxal outcomes for boys and girls.’ Stexn and Balley (1973)

concluded that moderate but not overpowering parental nurturance, permis—

siveness, and encouragement of independence and achievement efforts were

£ -

aspects of child-rearing practices that facilitated the development of an

‘achievement orientation in women. The presence of an achieving maternal

B ™ N - N
model was also considered to be an influential factor.

° ’

Aiken (1975; 1976) hypothesized that sex differences in mathematxcal

ability was a partial consequence of same~sex modeling. Young girls model
- Q . *

“their behavior after their\nothers wno are typically more verbal than quanti-

Y K3

tative. This, combined with the general lack of salient .female mcdels who

gihibit mathematical orientations, leads girls to view themselves as incompe-

.tent in mathematics. Maccoby and Jacklin (19743 conclude that same-sex models

are more potent for stimulating imitative behavior. The exact process by

.

_which boys and girls learn sex-role appropriate beha#iorsz EOWeVer, is not

1

I~

S




cléa;;y understood; it may not tesult from direct modeling but rather from a
more complex cognitive process. (Kolberg, 1966; Maccchy, 1966; Maccoby and

Jacklin,‘1§74; Mischel, 1966). The hypothesis that mathematical competence

-~ -

resg}t& from Ydentification with a masculine role is discussed in the !olf

lowing section.
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The Perception of Mathematics—as-a-Mate—Domaim
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The belief that mathematics is a male domain reaches the very core of

~

k2

’

.

the issue of sex-role socialization and matheinatics achievement.

‘Two major

v

hypotheses often offered as soclal—cultural explanatlons for sex dlfferences

e w7 e e o - ‘
ﬁ«,..‘.»..., s At

in mathematlcs are the masculine 1dent1f1cat10n hypothe51s and the cultural

v

rexnforcement hypothe51s (Alken, 1970a, 1975, 1976, Astln, 1974a). In the

.

former achlevement and interest in mathematlcs are assumed to result from
0 » ~ "‘

ORI * Ll N -

1dent1f1cat10n wlth the mascullne role. Thls is related to the 1ssue of

. e

ach}eVement motlvation. sThe second hypothe31s also assumes that mathematics
— /

~., N -Nn

,,is,ajmaséﬁline domain, and thus females receive less encouragement from soci-
LT ) v - ; ,

o . 3

‘éﬁy for achievement in this realm. The‘support of significant otHers has al-

rEaavaéen discussed.  In this section the emphas1s is uponutne relatlonshlps

mfbe;ween the sex—typlng of mathematics and the encouragement from 51gn1f1cant

P .
.-, o R N

~'\‘otﬁei’s. : <

’

he Mascullne Identlflcatlon Hypothesls

~0 A major hypothesls offered as an explanation for sex-dlfferences in

mathematlcs achlevement is the masculine 1dent1f1cat10n hypothesls (Plank and

Plank, 1954 Elton and Rosé 1967; Aiken, 1970a; I9Z§ 1976).

P s

'boys and,gir!s who identify with their'fathers or a generalized masculine sex-

Ry
N N

It is argued that

role are elther better at mathematlcs than those who have a femlnlne identifi-

« -
. + x S -
. Vsl Y

.catlon, or at least are better mathematlcally than verbally. Alas, the stud-

ies’ wh&ch attempt to deal wrth thls 1ssue are not in total agreement.

- -

A major
source of, confuslon 11es with the deflnltlon of mascu11ne 1dent1f1cat1on"

LN,
< el

Most studles used a score on a paper—and—pencll test of mascullnity/femlnlnity
- : ) "

. .

Constantinople (1973) has stressed

- - . il
o . '\

‘as .the measure of sex-role identification.

[ ! . ‘
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the basic problems with bipolar scales and conéggucts of masculinity and

—— .

. femininity. Persons who score relatively low on' the sex-appropriate scale

F- : -
- may be androgynous rather than cross-sex identified, °

an
1

Block (1973) reports: that women who score high on the masculinity scale ¥

bes o a -
B st

of the California Psychological Inventory {CPI) can be further diyidea into
-] (&3 -

two groups based on\gtjit socialization scores. Women who are high#on soci-

N v

alization appear to have a general feminine identification but without the
; “female” passivity and dependency characteristics despite their "masculine"
CPI scores. Analysis of the life“history of these women suggests that they

did not identify specifica11§ with either parent, but with an *androgynous"”

s

s to have identified specifically wfth their fathers. These women exhibited
. , . ‘ t

- -

extreme deviations from traditional definitions of approbriate sex role.

Heilbrun (1974) in a lengthy review of theé literature or parent identi;

“»

fication and filial sex-role behavior concludes that the biological and psy-

chological sex of the parent with whom the child iden;ifies is related to

v

I -
A

dzi orimarily with either a masculine father or‘a feminine mother can be equally .
UG e * [N
. -y’ N

feminine in their own identification. Both Block and Heilbrun concluded that
mezsures of either a masculine or feminine, identification for women are indepen-
deat of sek of parent with whom the child identified. - It is argued that what

is sven more important is that sex-role identification relates to healthy psy-

&

chological adjustment for boys, but not girls (gqilbrun, 1974; Broverman,

Brorerman, Clarkson, Rosenkrantz,and Vogel, 1970).

N '

+ Thus, for females, identification with the father does not necessarily

¥
Y

leas to a masculine gafher than feminine identification and, conversely, high

szores on masculinity scales do not necessarily mean identification with the
Al « - L y
. . ' ¢ :
® . 218 . ’ : '

ap

comzosite of the parem:s.l Those women low on the socialization scale appeared = . !

+ .. sex~role identification of boys, but not girls. Girls who have identified ;;'/ -




RN D R R Y T L o S L o T A P Tty
. ; L

- &

'y

e e
¥ "

" 'a report by Plank and Plank (1954) on case historie$ of women who were eminent

maticians rated as creative by their peers revealed that many of these women Y

Perhaps the identification with father for these women ig related more to

26 —

father. This complicates the interpretation of studies on masculine identi-

fication and mathemQtics achievement. ‘ i
{1 : . )

- v

The masculine identification hypothesis appears to have originated from ' i

L

in scientific and mathefmatical fields. ‘Clinical evaluations of women mathe-

& N

had identified with their fathers rather than their mothers. They did not,

however, score"éxtremely high on the masculinity scale of the CPI (Helson,.
1971). .. It is difficult to draw conclusions on such small select samples.
their pursuit of atypical careers than the development of their mathematical’
ability per se.

L . . .
Another study often cited as support for tlie masculine identification

'
hypothesis is one by Carlsm%th (1964) Qho found that boys and girls whose
fathers were absent from the home dﬁ;ing the early éhildhooé year; had higher
verb;l aptitude than‘mathemgtical aptitude. Carlsmith assumes the ﬁigh verbal,
low matbematical pattern is a feminine style while the reverse pattern is
masculine. Thus, the absence of the father lessened the availability of the
masculine model for identification. Landy, Rosenberg and Sutton-Smith (1969)
also found decreased quantitative scores in father absent homes for girls as .

well as boys. Landy et al. suggest that it is decreased opportunity for inter-

action with the "father that accounts for the lower scores.

.13

. Ferguson and‘Maccoby (1966) offered a different interpretation of the

|
|
causes of discrepant ability patterns. They hypothesized that stress and’ |

L JRN

-

tension interfere differentially with functions underlying mathematical and
(:.

©

-
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L. verhal performance. Parentalfabsence causes tension and thus a high verbél
and low ﬁéthematical profile for both sexes.

In a test of -the two hyhotheses (Carlsmifh's'sex-typing_;nq.Ferggson and
Maccoby's teasion hypothesis) Nelson and Maccoby (1966) did not get clear - .é
S ‘ results and support of eiéher hypothésis. They concluded that perhaps the '.S

hyrotheses combined had somelexplanatory ﬁérit, for example, boys who had a i
crgss-;ex identification were experiencing mo: tgq§ioq and the identification

5 “ ) I
"”ﬁifé%“?ﬂgaﬁgtﬁéi”éaﬁbined’with the .tension proaucedﬁghg,ﬁigh verbal pattern.

y .o .

Lyan (1972) suggesté thatiboys are more énalytiéal than girls because the very

7o g PeGp e e AR

prcecess 'of identifying with the abstract, culturally defined masculine role
requires a more analytical method of learning sex-role than .does the learning A*“f
o the female role théough direct identification with the mother. Presumably, . ;
gizls who identify with the masculine role are‘also devéloping the more analy-
tica% cognitive style.

Kolberg's (1966) model of sex-role identification, however, implieg that g
both sexes employ cognitive éroces%es in the act of developing their sex—gole

v

icentifications. A stud%fby Brown (1957) suggests that girls know the mascu-
. , Y

- lire role and prefer it éd the-femaleLzole in ;he early grades. By grade 5,
girls begin to switch to a preference for the feminine role. If girls know
the nasculine role, éﬁey must, like the boys, learn about it in an analytical

- r
war. ) .
‘ Thus, there is no overwhelming evidence that identificatiQn with the
fatter is a mecessary condition for ghe'development of mathemat}cai competénce.
Wnhar mascul;pé identificétion is defined in terms of psychologiqa} test séores,

thz rssults are also somewhat contradictory with respect to mathematical

acrizaverent.

R s L
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} tude-and average verbal aptitude scored higher on the masculinity scale of the -

2 Omnibus Personality Inventory (OPI) than did women with average mathematical

In a study by Elton and Rose (1967), women with high mathematical apti=- i b
b4 -

- )' -

aptitude and hiéh verbal aptitude. Women who were either high or average on

both abilities did not score high at the extremes of the scale. The Masculinity/
Femininity dimension used in this study was a measure of a theoretical versus
aesthetic orlentatlon. Milton (1959) founP males and females who had mascu- _:,%
line-orientations were better problem-sol&%ts than males and females who had hx?
less masculine orientations.’ |
Sbmewhgt opposite résults are suggested, howaver,*%y otﬂer studies. A-~€

\\,,

Lambert (1960) found that female mathematics majors in college scored higher.

N e,

on the femininity scale of the Mlnnesota Multiphasic Personallty Inventory *
(MMPI)_than did female education majors. {The number of female mathematics

majors, however, was very small.,) No differences were found between male

- " I3

mathematics and education majors_on this scale. A study of eleventh-grade

girls found that the higher aqhievets in mathematics were significantly more
o .

accepting’of the female sex-role stereotype than were lower achieving females
(Jacobs, 1974). .
Research on the masculine identification hypothesis is difficult to in-

terpret due to_the measurement problems involved., Bem (1974) and others

(Constantinople, 1973; Spence, Helmreich and Stapp, 1975)-have(sdggested th;t-
maséulinity and femininity should Be treated as two dimensions rather than a
< Il ’ . . .

bipolar scale. It may well be that psychological androgyny rather than a

strong masculine identification is ascociated with mathematical competence in

[




.- ,
T women. Thus, females who do not sex—type mathematics as masculine are able .

to achleve in mathematics without a conflict with their acceptance of a gen-

]
eral feminine sex-role, whereas females who sex-type mathemétics as masculine,

- -.l

SR

|

1

anq have a feminine sex-role identification experience conflzcts and achieve

P «

less. For example, Bem and Lenny (1976) found that cross-sex behavior is ;

°

motivationally problematic for individuals who are stronbly sex-typeé pis- ..1

comfort was greatest when the subject had to perform a cross-sex activity in l?

front of a member of the opposite sex. This was not true of androgynous sub- i

-~

jects. '

P R s ' R

At present the evidence that identification with the father or a mascu- o

Iine identification as measured by tests is a necessary condition for achieve-

© ¢

ment in mathematics is not overwhelmingly impressive. The hypothesis that

Y

sex-typing of mathematics as a male domain inhibits female achievement seems o
. N :

to be .a more logically consistent argument.

Achievement Motivation‘and the Male Domain . RS

The sex typing of mathematics as a male domain is related, infirectly at -
least, to the literature on achievement motivation and women. Several resear=, ﬁ
chers have noted the potential conflict for girls between acaéemic gcﬁievement

! .
and popularity (Coleman, 1961; Hawley, 1971; 1972; Komarovsky, 1946). Lavach
and Lanier (197S). found that success in a domain labeled "feminine" was less

threatening for females than success in a domain iqbsled‘"masculine". As

long as mathematlcs is considered tb be a’masculi domain, achievement con-
x>, ', 13 N 0
. E SRR

3
flicts are likely to exist for girls. . —

N e -

The construct "fear of success" proposed by Horner (1972) has been sharply

‘ criticized-(Zuckerman and VYheeler, 1973). While it is true that attempts to
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‘replicate Hérner's original studies and to expand the concept have'met with
prébléms, the theory does seem to fit welivﬁith anecdotal data on women and
achievement in mathematics. Fér example} giffed girls have often been reluc-
tant to accelerate their progress in mathematics because of fear of negative R
sécial cogsequences; primarily peer rejection (Fox, l9ﬁ4b; 1975b; 1976c).

‘Fennema and Sherman (1976) reported that girls s;id they did not pursue the -
advanced'ﬁéthematics éourses'because\taking such courses might hamper their

social relationships with boys ;nd/or make them appear masculine. Le;ine

)1 B
(1976) -also reported that girls believed that boys do not like "smart"'girls, ,;é

. -
especially "math whizzes". Sherman and Fenneman (1976), however, did not ‘
find a "fear of success" effect in their study when they attempted a paper-
and-pencil assessment in relationship to mathematics. . ) f

While not all wumen feaf success Horner (1972) said those whO‘héve high

Tr

fear of success were the least likely to-develop their intellectual potential,

especially in situations requiring competition with men. Remer (1975) found
.«
_simila; results for girls in high school. If this is true, perhaps these

« - ‘

women should féel less threatened in all female classes for mathématics than
iﬁ mixed~sex groups. Fox (1974b; l976c)'found that‘it was -easier to recruié
seventh grade girl; for all girl accelerated summer mathematics classes than
for co-educational ones. -

“There appears to be a need to test thg relationships of fear of suecess
and failure motives more directly within real and observable, rather than

"imaginqr§ settings. The rejection of aévanced mathematics classes by girls

may be a result of complex motives. Some may fear the consequences of success

in’ a situation they consider to be a male domain. Others may fear failure

partly‘because they are conditioned to believe they are less capable *han the




-males-in this domain. Some may fear both success and failure. They will
appear "gtupid" if they fail or ask a silly question but appear "masculine®

if they a  too successful, Another possibility is that girls do not fear

eitrer sugcess or failure but simply see no value in achieving in a domain
. . . .4

labeled as masculine by society.

Sex-typing of Mathematics

:

L 3 .
There is little doubt that the perception of mathematics as a male domain

S

is common. As Casserly (1975) points out, traditionally the physical sciences
and mathematics have been male provinces, and relatively few women have cros-

sed the borders to seek eminence in these domains. Lambert (1960) hypothe-

l

sxzes that even at an early age, boys are expected to be interested in mathe-

~matics. Girls, on the other hag? though they may, have equal ability, may be
‘tﬂv‘

dxscouraged from learning by the prevailing idea that mathematics is a mascu-

~

11ne field. Ernest (1976) cites a professor at Columbia UniVersity, who saia,

- "Why didn't I study Mathematiés'at age 21?7 I felt it was not a 'feminine'
thing to do.\ I'm afraid that it seems to me. that this is a continuing pro-
blem for many young women." Another professor said, "Many people, on hear-
ing the worés,'femalé mathematician' coqjure up an image of a gix-foot, grey-
haired, tweed-suited oxford-clad weman. Thisiimage, of course, doesn't at-

: tracr the ;oung woman who is continually being bombarded with messages, direct

and indirect, to be beaut;ful, 'feminine', and to crtch'a man,"

While inbestiéating‘high school §tq&ents' attitudes toward mathemarics,

Sherman and Fennema (1976) addressed the issue of mathematics as a male

domain. They reportéd that the boys, more than the girls, rated mathemftics

A

as a male domain. ‘Sherman and Fennema (1976) hypothesizedi_however, that
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i . . ° !k
these girls live in a community where the wemen's movement receives.much

;«

publicity. When the females Ain ‘this study were asked to respond to such a

item as "Studylng mathematics is just as appropriate for women as for*menﬁ
they agreed They hehaved, however, in a more stereotypic way when‘if'came

to course selection. The boys, on the other hand, may have felt freer to .

—_—

. express the view that mathematics is a male domain. Sherman and Fennema

4
P

<, 7 (1976) suggested that this masculine view. is undoubtedly communicated to the

.

-girls. Thus, while the study did not document thét girls more then boys

believe mathematics is a male domain, it did find that the girls' actions

contradicted their words. The stéreotyping of mathematics as a male domain
did relate to both female achievement and course-taking (Fennema and

Sherman, 1976).

A

o
Sherman and Fennema also point to the fact that mathematics teachers

-~

)

tend fo be male (69 pe;cent in ‘the city studiéd in 1974—75) and \ ..s contri-

-

" ..butes tc the impression that mathematics is”a malé’ domaln There is also

a tendency for the moré advanced mathematics courses to be taught by males, N

lending additional support tao the overall impression that mathematical think-
B 3 ' .

ing is-a male province:

In a study by Farley (1974} students were asked to rank in order six

reasons for girls’ lack of interest-in mathematics oriented work. The second

14

choice for girls was that men do not want girls in the mathematical occupa-

tions. Boys ranked this reason fourth. Thus, this stddy suggests that girls

feel more strongly than boys that there is male prejudice against the girlse

engaging in mathematics-related work. Neither group put much stress on_the_




ey’

[

<@

groups rsnkéd this reason fifth. Farley suggests that this is a departure
»“from the ‘popular opinion of previous S.:cades. She cites the cdsa of a high - .
.school senior in a girls' school. who had done outstanding work in mathe- -
. matics and sciencew When the student sought information about the procedure ' ,i
gor appl{ing for admission to M.I.T;,.she was referred to the school's con-

sulting psychologist, who was charged with the duty of redirecting /her inter-

ests into more ladylike channels. - B 7t

- B

.

*Thus, the Farley study and the Sherman and Fenneman study suggest that

o .

the .concept of hathematlcs as unfemif ine is not as prevalent as it once was, : :

R . "

and that girls on the verbal{ée\el attest to their right to enter any field. ' .
The evidence, howevér, shows that male(prejudice against girfs'entering mathe-

matics either still exists (as the Fenneman-Sherman study suggests) or, at R

v

least, the girls believe it exists (as the Farley study suggests). The end

result is the same.- °If male prejudice is inhibiting to a girl, that girl

’

. will probably choose to study something other than mathematics when given *

the choice. N

4

1 -

‘Hawley ( 1971; 1972) found a definite relatioqshib between women's

4 3 ]

career choices and their perceptions of significant men's views of_thg,fem- -

-

inine ideal. She found that.women préeparing for traditionally feminine ¢a -

reers(e.g., teaching) believe significQQEEESh,inftheir“livéé”dichotomize : -

- . _'_',____l‘—*""’”‘

s

attltudes and behaviors into male-female—categorieso They though® men viewed

v <

behavior as appropriately male or fe@ale. Those\greparing for nontraditional

. - N t ‘
careers (e.g., mathematics/science majors) believe men do not .see sex as a

.

- >

. - N\
determinant of attitudes and béhavior. The math/scienbg women indicated ..

.

that their men fe€l women should be free to compete with ﬁgn in all areas, e
-~ . . \\\. .
even those that have beea traditionally considered male domains. | - . .
“ b - > N
* ‘ . . N

~
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Casserly (1975) found that many guidance counselors still believe that
careers in mathematics” and mathematics courses are male domains. The fact
that teachers perceive boys as better at mathematics than girls (Ernest,

-~ - 1976) is also suggestive of their sex~typing of mathematics. T

Parental Socialization

" ——

Since teachers, counselors and peers tend to reinforce the belief in

mathematics as a male domain, it seems likely that this belief has early
"
roots. Yet there is little research-on parental sex-typing and socialization Yy

practices as they affect attitudes ahd/or achievement in mathematies. 1In a

review of the general literature on socialization and sex-typing Maccoby and

)

Jacklin (1974) concluded that there is "a remarkable degree of unifo;mity in
the socialization of the two sexes". The major sex difference is that boys

- seem to have a more iﬂtense socialization experience than girls. They are more
pressured than girls against engaging in sex-inappropriate behavior. Theéé

] conclusions are based on sex-typed behavior in narrowly defined terms, such as __ ————

g toy-preference and clothing. Parents geported}y‘ndeEEMEEIEdren's'behaviors
: *° . - - . SIS

PN

more when they/run counter to sex-role ,stereotypes and Ehgzvpgnish wrong be-

havior more ‘when it is seen-as seiziﬁébpropriate than sex-appropriate, while . f

'reinforcing desirable behavior more when it is seen as sex-inappropriate rather
. than sex-appropriate. Maccoby and Jacklin (1374) refer to this as the "percep-

tual adaptation level" hypothésis. They cite no studies, however, ‘relating

et
e e

. n . . 2 e —
; this to' mathematics achievement. e

The evidence that parents sex-type mathematics comes largely from indirect

rather than-direct measures. For ex ple, Erne (1976) found that after grade

e
—

1

| six, both males and females tended fo seek homework heIp in mathematibs from

[ e st o B e s vt o et i o s W gt o it 22 s Ve




o 13
e e oy W e < S T I
B * ¢ e e

. .. - - I 4 35

fathers rather‘than moihergﬁ Parents of mathemaéically‘giftéé”$6§§ were more
likely to report having bbught~scientific and mathem;tical games a;d toys for ~em
. their sons tﬁaﬁ weré'the parents of qirls (Astin, 1974a3), Block (1973) found | '{
3: - ) fathers to be ﬁore crucial thén mothers as the agent for directing the sex-

. " typing.of the child. (Although parental ideas about mathematics per se were - \é

-
.

not investigated, Block found that parents of boys emphasize achievement, com-

petition and control of feelings and expression of affection, while parents of

girls emphasize interpersonal relationships, affection and protection.) This

suggests that changing the sex-role stereotypes of fathers is even more impor-

© .

tant than changing those of mothers.
If parents do sex-typé mathematics as A male domain, this should lead to

differential expectations of behavior for sons versus daughters. There is
R

" " some evidence to this effect. Fathers who regard mathematics as a more mas-

culine than feminine pursuit had;higher expectations for their sons in matﬁef

- . PO, v

matics than did fathers who sex-typed mathematics less (Hill, 1967). A sim--
ilar:rélationship was not found for mothers. The effect of sex~typing of

parents on expectations for daughters was not studied. Perhaps mothers and

-

fathers who sex-type mathematics have lower expectations for daughters than

[y .

éarents who do not sex-type this domain. In general, perceptions of parents’

-

expectations of the child's mathematical ability is lower for girls than boys.

o i

- N \.—_’_———_—_ e
This—perception 1€ads to differential self-conceptions and course~-taking

(XKaminski, Ericﬁson, Ross, and Bfadfield, 1976).” The relationship of this

.

to sex—typihg by parents is assumed, but not systematically shown. : -

-y

Parents who sex-type mathematics as masculine are probably more likely to ...
- . . ’

notice and reward success ‘in mathematics and less likely to punish failure for

- 38 T




girls than boys. Thére appears to be no study which effgéfively supports or
reflects this hypothesis. A study by Astin(1974a) found that parents of mathe-
matically gifted boys wé%e_more likely than parents of mat;ematicaliy giftea '
girls to notice and reinfo¥ce their child's early interest in mathematics. ‘ -
The degree t6 which the pgrehts sex-t&peé mathematics is not~ggown. The;e'is ‘
however, a-general belief that‘parents are more tolerant of failure in mathe-

matics for girls than boys. This is supported by anecdotal reports more than )

YR A

direct research (Levine, 1976). 1In a study of pre-schoolers; Block {1973)

found parents to be much more concerned with task-oriented achicvement for

boys than for girls. Block (1973) concluded that parents éxpecp far less

achievement from girls than boys in general, ~

o

lthough there is a large body of literature on sex-role socialization

and mpdeling, none of the theories are adequately proven (Maccoby and Jacklin, \

4

1974)|. It appears that children lear by employing both direct modeling of
sAmeqand opposite-sex models and by ggxgralizing, from obégrvational learning,
the behavior of both sexes. Unfortunately, there is little ;é§éarch evidence

to spggest how attitudes and competence or lack of competen5g>in mathematics

results from the socialization practices of parents. We can only speculate.

For example, if Kolberg's {1966) theory of sex-role development is correct, . .

| ' the observation of the siex-typing of mathematics as a masculine domain by

A

parents should iead to the-intg}nalization of differént self-expectations for

girls and boys. 1If more direct modeling theories are corré?f, the fact that N

fe

more fathers than mothers are likely to be the models for math;matical activi-
ties, as suggested by Ernest (1976) and Aiken (1976) will also lead to sex

differences. (As noted earlier, Lynn's (1972) speculations on the development

-

o — ok . e s [ S S S
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of analyélcai competence as a result of mod ng on abstract rather than con~

crete rsle models is not supported by evidence.) The problenm is that regard-

petence in mathematics is a’
. ] //

-

asculine rather than feminine trait.
- Media and Texbooks - ' . \ ~ \

‘Whethex or not the female child has acgess to mathematically competent
female role models in. the home, the general communication from the larger
society 'is sex-hiased, Television,.children“s literature, texthooks, and
tests tépically reinferce rraditional sex-role stereotypes (Harway et. al., \.

1976), some of them conveying some distinct messages about women and'maéhe- \

: . \

matics. . ~ ; ‘
In a study on role models presented to children in children's v shows, E

Sternglanz and Serbir. (1974) pointed out that the role models for children‘

-~

1Y i
on TV depict women in a derogatory manner, rarely having jobs, and usually in i

roTan;ie‘and/or family roles. Moreover, commercial TQ sh;;s aimed primarily !;
at children show males as aggressive and constructive. Females are shown A
as being second-rate and punished whe; they engage in a hlgh level of acti-

vity. TV shows carry a different message for girls than boys, and they post~ ~

ulate that girls learn from their TV watching that it is inappropriate to

e

make plans and carry them out or to be aggressive. Girls will be punished if

they ‘abandon the sedate female style. The most successful route for females

~ ~
-

.

-

on TV shows seemed to be magic. Even Sesame Street, one of the most popular
televmslon shows for llttlé chlldren reflects sex. role stereotypzng. Bergman
(1974) states that a llttle gzrl watchzng Sesame Street“'was like taking les- '’ .

sons in 1nv151b111;y." lee females are underrepreseggggﬁgpd,gen&rglly appear

s . -~
[N




DA
T e RN

3
’
v,
-
.
.
-
“
.
-
hY

PLo, PN : . : -

in stereotype? roles and’ thére are few female puppet characters who aren T .

x R . -~
g s = .- ’
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mommys or sisters. Cartoons used.xn the program are narrated by males and ..

3
) . “ v N X

.
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. almost all were abodt males Documentarles rarély show :girls doing aqythlng v v

‘f‘ Rs&as\standard stereotyped play act1v1t1es. Although Bergman belleves the

Ty
CRTIE
NN

Y, B ] L
Carney (l97{) reports that racism and sexism are still: the rule 1n

- e
' . . -

children's books_and textbooks. 'A Natlonal Organization for_Women (N.O.w.)

S~ w7
R . L

g Co i
g: _progran has changed somewhat from being incredxbly sexist to being slightly C B
B ) ' : .
¢+ sexist, she feels'it has ‘not yet gone beyond tokenlsm. -\ S .. i

PO
.
P

)

. .
> . . ® v

group read 135 books and children's teaders in an effort to find a reading, .

. . . -
] : vt H

aerles-for chlldren that portrayed males ‘and females "in non-stereotyped roles.
* « ~

They could not flnd any ser1es that was acceptabile" (Jacobs and Eaton, 1972).

SR TR FH e yner
LN

A

: [ 2N
These f1nd1ngs are conflrmed in Studles by the Natlonai Feundation for Improve-

»
N M
-~

SR AT YD s e A grdvge

ment in Educatlon, in which images of boys and glrls are examined. Grrls are

s v - N -

; shown in domestic rbles, caring for pets and little brothers; they are en-. N
_ . . . ¥ - "

3 -
[y D

co"raged tp make themselves look attractlve, while success for boys is p1ctured \'

I

-

in terms of 1ndependence (Weltzman and Rizzo, 1974). Images of adult women 2

@ v >

rellect ‘the roles of housewife and mother, presented in an artificial way,+ t
X : .

LY

oy
-

s 7 S inbade X o

. . )

"but indicating this as the ideal role for women. Similarly, in & study on pre-

. ~ - ) s r A

%' school picture-books,}}t was foundzabat they present an over:simplified and
; 3 . . N . . . 4

ptereotyped image which presents a very narrow view of society (Weitzman and
i . “ . . - ) -
Rizzo, 1974). Graebner (1972) reports some changes in newer‘boo§sm_showing more .,
N K

o ¥

: .woren in careers (but stereotyped ones), but men still appear overwhelmingly in .

.
b4 .
R * ©

b’o-raonlcal storles and they.dominate the illustrations and the LStory texts.

Secondary school textbooks .are no better. Trecker (1973).reports that’ -
54 ’6 ‘»

N $
{4 - g
e 3

so {ar as the secondary chool curriculum is concerned, humanlty is masculine.

® 3
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§j: . U. S. History textbooks constantly refer toumen, and biographies and stories. . .i iy

°

g»,'v"ﬂ , read by children are all based on the assumption that men lead more interest-

~ (5

.t »
ing lives, T -

|
|

N . Much time and attention has been given to sex typing in reading books for -
& * ¢

. children, but’ relatively 11tt1e tg their. mathematics texts. This is probably

due to the fact that it is assumed that numbers ¢annot be sex—typed It is s A
N - . 4 7/

g; ) 1nterest1ng, t erefore, that the few studies that have been done show that “the . ,%

. . . o
L R

N néthematics textbooks used by both elementary and high school students do sup—

s 7 port a stereotyped view of women's. role in society. 1In.a study of” 2nd,-4th . ' 7

- . and 6th grade mathematzcs texts, Jay (1973) found evidence that the mathe- T

_matics texts used by the children-were‘sterexyﬁed. Ina follow-up study it .

‘ 3

- -

v . -

was reported that in elementary mathematice texts, twice as many items were

- .. ~

didse qf fied as mascullne than feminlne. Even more striking were the activities -;ﬁ

"4 in wﬂl”n the boys engaged, as opposed to the girls. BOys are shown to be ,';ﬁ
/ . .
. active, earning.money, participating in sports, engaging in inquisitive and RN :
. -'lexalo*atory ~play. \Girls play w1th dolls, read books, and practice the piano. .
’ ! !
. Men. Pe fa hers who earn money by, working and engage in lelsure activities
.8 s

B )

~

lixe "5d¢hg, camping\and’hunting WOmen are mothers who sew, make fudge, :
. .. and_seen to spend much of théir lelsure time shopplng or marketlng and spend-

s
LIRS L) ¢ . “ . b

; . .1ng the mopey fathers earn. Jay and Smenke (1975) suggest some problems _
=\ couid‘be,rewritten with a de11berate attempt to contradict the stereotype,
S €.3., :hOd boys cooking;, girls working, -and so forth: o
.. - *‘33‘"&’ * .
o e s -rnllarly, Federbush (1974) reports that mathematics textbooks portray *%

'y &

boys as active, girls as passive. Where girls are shown to.be active, they

>

aﬁe coing typically‘feminine things like jumping rope or going to the store. ®

o
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-~ The "New Math" textbooks are no better. People are always béing put into sets

’

by sex. Groups of boys are divided by activities. (football players vs. base~

- ball players) while girls are grouped by the calor of their eyes and the

length of their hair. Female mathematicians are not included when the texts :lgf

FINP waAnl e ieoT

i . give biographies of famous people. * ! ‘ e ;

Even algebra textbooks are not immune to stereotyping. Rogers '(1975)

[y

examined gibht,algébra-textbooks widely used. Women and their activities

. ahd

were pictured as dull and insignificant; they rarely appeared in career sit-

vations. Men, on the other hand, are pictured as alert, active, and more

¢
L

scientific. Women were shown as social. Rogers points‘odt that women excel

in‘rsitting",,an acti&ity around which a great many problems are constructed.

' _Some mathematics texts even show females as mathea.. tically incompetent. Stan-

dardized tests show these biases as well; the Scholastic Aptitude Test- ’
Mathematics (SAT-M) pictured men with power and influence and referred to
girls in connection with mothers and children,

Science texts show similar stereotypes. Even science texts that purport

to be non-biased are accompanied by illustrations of only boys using the

lab equipment (Trecker, i973). Boys control the action (a boy rides his h
bike); girls watch action (a girl watches a balloon float). Adult women are
almost never shown in scientific goles. Gaetano:® (1966) reported that in the

' upper g;adeé; where tentative vocational orientation begins, males‘predomin— .

. ' 1

N - |
ate in 16 of 18 texts.
"‘” h i-‘;ﬁs‘“

o Elthough it certainly appears that females get little reinforcement for .

mathematical or scientific interests from texts, unfortunately, one cannot

P

readily assess the impact of these cultural messages upon individuals. A

ARG S
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study by Plost and Rosen (1974) doés suggest that ‘che same-sex model in media

presentations may be a very salient factor for the development of career pre-

3

ference. It would certainly be baluable“to study the iﬁpact of non-sexist

texts upon the achievement of girls in mathematics. o
Tests '

f
! i -
Most Mathematics tests coptain more biases in favor of males. In a study
r -
of the items on the.Scholastic Aptitude Test—Maéhematics (saT-M), Donlon (1871)
reported that the items heavily favored males. Only two of the items favored

females. Analysis of items by content led to the conclusion that the approxi-

mate 40 point difference between the sexes on this test is a function of the

PR
ey . M

content formula. . , -

R . s -
In a study, "Women and Educational Testing", Tittle (1974) found that
tests were biased for males. She ‘points out that there are two ways in wh%éh_
first, reinforcement of sex role stereo-

discrimination in testing can occur:

tyves and, second, restriction of individual choice in selective bias of test

. 7

content and user materials.

trassberg-Rosenberg and Donlon (1975) report that the tests reflect more
items relating to things rather than people and that the SAT-M Geometry and

¢ N

regular Mathematics are most biased in favor of boys. Ekstrom, Donlon, and Lock-
heed (1976) analyzed the California Achievement Test (Level 5, Féfm A), Iowa
Tes;s of Basic Skills (Levels 11 and.l4, Form 6) Metropolitan Achievement Test
(Grade level 12, Form F) and Sequential Tests of gducational Progress (Grade 10,
outnumber female ones in the language of

Series II). Male nouns and pronouns

Ekstrom et al. did not

these tests. find, however, that items dealing with

peozle were significantly easier for girls than neutral items. Similarly,

Donlon, Ekstrom and Lockheed (1976) aifirmed the masculine bias in content in

four standardized tests.

b s e . o e a | ameetne e e e e e ma o~ e a -
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There is some controversy over whether the wording of mathematics problems |

- affects girls' ability to do those problems. Mullis (1975) suggested that

girls havehdifficulty with word problems in general, not especially related

-

to the sexist content or wording of the problems. In a study of -6th graders

King and Blount (1975) found that there was an interaction effect operating

in favor of problems approériate to opposite sex rather than the subject's

own sex, but other studies show that girls relate better to problems more

1S

related to their own experiences.

Leder (1974) suggests that both boys and girls prefef doing mathematiqs
problemﬁ which are more related tQ their experiences, although no attempt P
was made to relate this to performance on those problems. Milton (1959)

found that when the characteristics of a problem are altered to make them less

masculine, sex differences in problem solving ability were reduced. When the

content is very feminine, males no longer outperform females, N

In a study using college‘students, Graf and Riddell (1972) found that i;
takes females 1oqger to do a problem with a stock market setting than the
identical problem in the context of buying yagd goods at a fabric store. Graf
and Riddel suggest that sex-role stereotypes lead éirls to perceive problems
in a mascgline context to be more difficult, and thi; perceptionlaffects the
speea wiéh which problems are solved. They suggest girls may do better on a‘
power test rather than a timed test. |, &

Stucdies are needed that manipulate various features of the item content,
context, and the factors to determine thé degree to which test performanée

.

is affected by "such factois. Test performance is, however, a less crucial

issue than course-taking.

‘
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Attitudes, Self-Confidence, and Values

Behavior is influenced by many factors. Although behaviors may be speci-

fic to situations, the attitudes and values a person holds are believed to be

rélatively constant and are the forces that motivate behavior. "To under-

-

stand why a person'behaves a certain way in a given situation, one must first
understand the person's attitude toward the situation, the person's self~

concept as'it relates to the situation, and the values the person holds. In

¢

the case of mathematics achievement and women one must strive to understand. -
H

the attitudes women ‘have towards mathematics, towards themselves as learners

of mathematzcs, and the values which help shape these attitudes.

Attitudes ' B S
o

“In college populations sex differences in attitudes towards mathematics

- have been found (Azken, 1972; Aiken and Dreger, 1961; Dreger and Aiken, 1957).

3

Males and females, however, do not appear to differ significantly with re-
spect to expressed liking for mathematics or preference for(mathematics as
sompared with other school subjects in the elementary or gecondary school
years (Aiken, 1970b; 1976; Ernest, 1976; Fox, 1974b; 1975¢). .In ond stidy,
elementary school girls actually reperted liking mathematics more than boys
did (Stright, 1960). Callahan (1971) found no sex differences on a composite
questionnaire of attitudes towards mathematics, bnt did find sex differences

-

on a few specific items. Girls had a stronger dislike of word problems than
boys, but were more 1ike1§ to report that they enjoyed the challenge éresented
by a mathematical problem.

A .

.Why sex differences are found at the college level, but not before, is

unclear. Anttonen (1969) found a rather low correlation between attitudes in

e
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- elementary sché%l years with those in the high school years.' The stésility
of attitudes is difficult to assess due to problems in the measurement of at;
titudeéz as well ,as changes in the content of mathematics (Aiken, 1970b).
Whether or not sex differences ih attituées towards mathematics are
found at the pre-college levgl is a functio? of the definition and measure of
attitude. Numerous,st?dies havé found sex differences in the expressed use-~

fulness of mathematics as early as grade seven, even in the presence of no .

. -
o %

sex differences on a general statement of liking for mathematics (Fennema and
Sherman, 1976; Fox, 1975c; Hilton and Berglund, 1974; Sherman and Fennema,
1276). Thus, in the area of attitudes,perceived usefulness more than the

expressed liking for mathematics differentiates between the sexes.
- A slightly different measure of attitude is the attitude towards self

as a learneér of mathematics or self-confidence. Erlick and Le Bold

(1275) found striking sé; differences in college students' self—?atings of
rathenatical, scientific, mechanical ana general proﬁlem~solving abilities.
_Fennera and Sherman (1976) found sex diffeérences in self-confidence as a
.learner of mathematics in high school populations, and Kaminski, Erickson,
2055 and Bradfield (1976) found sex differences in self-coﬁcept as early as
grade eicht. :

Trnest (1976) reported that elementary school students were likely to

be:ieveiyhat their own sexxerebest‘at ;ll subjects, but in high schoo) both
~ sexes ;;;éeived boys as superior. Fennema (1974b) noted that girls' self-
cor.cepts égnd to decrease with age and that even when girls are achieving
Tetter than boys in mathematics they tend to rank themselves lower in ability.

-—

vine (1976) repoits that guidance counselors notice that even when girls

-~
«~J

-
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earn good grades in mathematics classes they do not perceive themselves as

competent.
The finding of sex differences in self-confidence in mathematics is
consistent with general findings on sex differences in self-bonfidence. Al-.

though Maccoby and Jacklin (1974) concluded that there were no significant

' .

sex differences in self-confidence, numerous studies do find sex differences
1

with respect to b@:ticular tasks. Astin, Harway, and McNamara (1976) said

that men rate themselves highér than wbmen g academic achievement'tasks
. 1

.

while women rate themselves higher than men on: measures of social competence.

3 %

In genéral men and women tend to valuég@en's éfforts above those of women,
especially in fieids that are considered male‘domains (Etéugh an& Rose, 1975;
Goldberg, 1968; Mischel, 1974; Henken, Unger and Arénow, 1976; Pheﬁerson,
Ku;ler, and Goldberg, 1971). Deaux (1976) has founé that when men suceed
they attribute their success to skill whereas women assume they were lucky;
not ;;f§§ful._ Wbme& are more_likgly to sgeﬁ out activities they perceive as
requiring luck rather than skills. Thus,it is not surprising that self;
confidence with respézgvto mathematics differs for males and females.

Attitudes and’Achievement

" Attitudes towards mathématics, as measured by expressed liking or more
complex questionnaires are generally found to have a low, but significant,

corrélation with échieyement in mathematics at the elementary, secondary,

' college, and post-graduate levels (Aiken, 1963; 1970a; 1970b 1976; Aiken and

Dreger, 1961; Anttonem, 1969). An interaction between sex, and attitude
towards mathematics, with achievement has been suggested by Aiken {(1970b;

1976). Crestantrello (1962) found this to be true for college sophomores.

—~
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Behr (1973) fohnd that mathematics grades were more predictable from attitudes
. 'Afor girls than boys. Jackson (1968)'concluéed that very‘positive or very neg-
ative attitudes affect achievement, whereas in the middie ranges of atti- C.
tmﬂ;s,apﬁitude is more pdtent than attitude for éredicting acﬁievement.

Studies us}ng expressed liking of mathematics as the attitudg measure

do not show the clear relationship of attitude to achievement that is found in

S -

studies using other measures of attitude. The importance of the perceived °*

» - 3

2. . . Iy . . .
usefulness of mathematics was discussed in a previous section. Self-confidence

-

[

as a learner of mathematics also appears to be directly related to couxge-

taking and achievement for girls.

Sherman and Fennema (1976) found a strong relationship between self-
confidence as a learner of mathematics and intent to tage advanced courses in

high school. 1In a longitudinal study of 500 students in the junior and senior

-

,ﬁigh school, Kéminski, et al. (1976) found that males and females who had

high self-confidence with respect to mathematics did take twelfth grade mathe-

-

matics courses. Boys with moderate self-concepts with respect to mathematics
also took the course. Girls with medium self-concepts tended to follow the

pattern of girls who had low self~concepts and not take courses beyond the

~
¢ - L]

required level.

It seems likely that.a sense of general‘well-being or self-confidence is
necessary but not suffi;ient for adhievement in most academic endeavors
(Adams and Fitts, 1972). The exact relationship of self-image to behavior

and attitudes is not well known (Harway, et al., 1976).

A géneral measure of self-esteem appears to be less clearly related to .

achievement in mathematics than do measures of self-coifidence with respect

- -

1~
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spacifically to mathematics. Farley (1968) found no relationship between
general self-concepts and girls' dbcisioqs to elect or not to giect a tenth

grade nathematics course. Cleveland and Bosdbrth (l§67) fohnd sixth grade'
» .

girls who achieved well in mathematics scored lower on a measure of perbonal

worth than those who achleved less well in arithmetxc. ,olano (1976) , how-

ever, found no sex differences in general self-concepts of mathematically
gifted adolescent boys and girls. The gifted students had a somewhat more

positive self;image than did a random group ogoadolescents. Helson, (1971)

N

found that women mathematicians had high self-est - -m.

With respect te/atfitudes towards mathematics, we can conclude that the
berceived useﬁg}ﬂé;; of mathematics and seif-cpnfidence as a learner of mathe-
matics are attitudes which reflect strong sex ‘differences, and appear to be
rziated to the differential achievement of the sexes as weil as . to the label-

inz of mathematics as a male domain. In termg of expressed liking for mathe-

ratics only the very extremes of feeling seem to b2 related to mathematics

achicemént and sex differences.

Math-waxiety <,

, .

- The extreme of very negative attitude towards mathematics has been
ctlled math-anx.ety or math ‘maphobia. Gough (19543 says the concept is sgelf-

¢zZfining and Tobias (1976) Ixs described it as an "I can't” syndrome applied

21]l situations involving mathematics. The concept is intriguing, but at

e -

rt

present research evide:.ce about the nature and extent of the problem is

rezger. .

The construct of a specific anxiety about numbers has been validated.

CLrzger and Aiken (1957) developed a measure of number anxiety that had a low

VR
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correlation with total scale scores for the Taylor Manifest Anxiety Scale.
A second’instrument, the Mathemétics Anxiety Rating Scale (MARS}, has geen
&eveloped and appears to be a measure of anxiety with respect to‘matgematics
that is independent o% measures of general anxiety (Richardson and Suinn, 1972;
Suinn, Edic, Nicoletti,-and Spinelli, 1972).

| The evidence fqr'sex differences with respect to math-anxiety is uncléar.
accob?.and Jackliﬁ (1974) noted tha; general anxiety appears to be more com-~ .

-~

mon, among females,qut Sarason and Winkel (1966) suggest that girls score
oJhighex on measures of anxiety because they are more willing to admit their
fears. arey (1952) noted that men ar; less likely to admit a dislike of
problem-so'ving because they equate it with a denial of masculinity.

Dreger and Aiken (1957) reported no se* differences on a measure.of math- ~
anxiety among college students in basic mgtﬁématics courses. They found 55
percent .of these students were math-anxious. Since they did not comment on
the proportion of males and females in basic versus advanced courses, thg}r .
findings are not totally convincing. Tobias (1976) reports more females than
males enrolling in the math-anxiety clinic at Wesleyan. Again, there is the
‘question of whether or not females are more afflicted with the problem, or
simply more willing to admit it.

The facp that more women than men avoid mathematics courses in high
school and college mighg be taken as indirect evidence of greater math-anxiety
among females than maies. Tobias sa&s course_avoidance is a classic éymptom
of anxiety. A rival hypothesis is that math-anxious males are more likely t>

pursue the courses than math-anxious females, berause they perceive the courses

as more useful or even unavoidable. Perhaps math-anxious males are more willing

ot
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to pursue careers and majors that require some mathematical training than are

<

math-anxious females. Thé relatioﬁsﬁip of perceived usefulness and career
choice to math-anxiety is not known. A study is needed to establish the base
rates and develoémental hisfory of this phobia. 5,

w
Anecdotal accounts suggest that the onset of anxiety can occur as early

-

as third g;ade and as late as graduate school levels. It is logical to sup-

pose that the early adolescent years are éarticularly critical, as that is the

& . .
time when sex differences seem to begin to he found on tests and the point at

€

which mathematics becomes more-abstract. It would be relatively simple to

test this hypothesis.

Math-anxiety can apparédély be reduced or alleviated by therapy (Aiken,
\ .

1970b, 1976; Hyman, 1973; Tobias, 1976) . ‘It may, however, be possible to
R

reduce the instgnces of math-anxiety by preventive techniques, such as the

© >

elimination of the sex-role stereotyping of mathematics as a male domain.
‘ ~

The extent to which math-anxiet& is fostered by the perception of ‘conflict

‘between competence in mathematics and femininity is not documented. Although’

anxiety about mathematics may not in every case be a direct result of sex-

role socialization conflicts, it is likely that the sex-typing of mathematics
as a male domain by parents, teachers, and peers results in the acceptance
of math-anxiety in females as inevitable nor irrelevant to their development.

As long as competence in mathematics is not perceived as useful or necessary
by society, girls are likely to get little help to overcome their fears. g

Dweqk and Bush (1976) have used the term "learnqd helplessness" to des-

.

scribe the state in which girls may become conditioned to failure. Although

they do not cite specific research with respect to mathematics, the parallel
P .




is clear. Girls learn to at.ribute their failure to éhe;r_}gei of ability,

while boys attribute failure to factors beyond their control. Thus, girls

learn to avoid situations in which they might fail, while boys learn to strive

. I3

haxder. : -

\

" . _ Unfortunately much of the research in sex-role socialization does not
séec1f1ca11¥ follow -the development of mathematical competence; and conversely,
much of the re;earcn on sex differences in mathematics has not us;; a longitu-.
dinal and developmental approech. Therefore, the data on the influences‘ef

significant others upon attitudes towards mathematics, perceived usefulness

-«

of mathematics, and self-confidence as a learner of mathematics are sketchy.

Parental Influences on Attitudes.

7 . .
Since attitudes, particularly very negative attitudes, do_appear to be
reiated to achievement and course-taking, it is 1mport§ni to understand how
attitudes are influenced by others.

(Y . -

In a study of college students, Poffenberger anﬁ Norton (1959) found that

lizingz for mathematics was significantly related to students® perceptions of

f2thers' liking for mathematics and fathers' expectations for the students'

4 W

ezrning a grade of A for males and females combined., There was no geparate
arzlysis by sex. -(The positive attitude group, however, was 48 percent female,

whereas the negative attituée group was 64 percent female.)

g -

A study by Aiken (1972) found that perceptions of the fathers' liking of

sthenatics, hav1ng been good mathematics students,using mathematics in

tteir'jobs, and their professional occupation status were significantly

(]

gilzted to positive attitudes of boys, but not girls. For both boys and .

-

¢irls the perception of the entire family as liking mathematics was related to

positive student attitudes.

PR




t .

Burbank (1968), however, found no significant correlation betwren fathers®

attitudes and attitudes o. either sons or daughters. ' Hill (1967) zlso found

. - |7
no relationship for fathers and sons. In the Hill study, one very significant

*-effect w?s found. Fathers who séx-typed mathematics as masculine rather than e

feminine had higher expectations of their sons' performances than did fathers
who sex-typed mathematics less. In general, the fathers who .had masculine ex~

pectations for their sons had higher expectations for mathematics performance.

LS

Alas, Hill did not study girls, and no similar study of the effect of sex~- -

typing and expectations for daughters was found. - .

Fénnema and Sherman (1976) found sex differences in students' reports of
fathers' perceptions of their offspring as a learner of mathematics in schoolél
wh;re there were also sex differences in acgievement and in perceptién 6f the
usefulness of mathematics. Perceptions of parental attitudes were also signi-

’

ficantly related to the intent to take advanced mathematics courses in high

school (Sherman and Fennema, 1976). !

It appears that perceptions of fathers' expectations, but not fathers®

attitudes or professions are related to achievement and course-taking fcr
girls. Presumably, fathers who sex-type mathematics as a male domain are lqss

likely to hold and convey high eipectations for their daughters.

The research on the-relationship of maternal attitudes and expectations

-

to the attitudes of sons and daughters vields a slightly different picture.
poifenberger and Noxton (1956; 1959) found that college students' perception
of mothers' expectations for a high grade in mathematics, but not percept- s

ion of the mothers' liking for mathematics, was significantly related to

positive attitudes for males and females. Aiken (1972), however, found the

<
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‘~h,'perceptions of the mothers' liking for mathematics and mothers' level of *

educgtion (having graduated from high school) were related to positive at-

‘t1fudes in éirls,\bdt not boys. For bbys, however, the perception of mothers'® .8

~
2

earning high grades in @aﬁhemaéiés was related -to positive attitudes. ‘Burbank |
(1968) found a relationshié between maternal attitudes and attitudes of both
’ * 1 S

sons and daughters. .

N _Fennema and Sherman (1376) found sex differences in perceptions of
mothers' perceptions of student as a’ learner of mathematics in schools where

there were also sex differences in achievement and perceived usefulness of
) o

X Lt we Fra o ARE 3

mathematics. Intent to take_advanced course-work was also related to students’ .
PR . . .

Yo . . )

! \
perceptions of maternal -perceptions (Sherman and Fennema, 1976).
Phus, for girls, perceptions of parental expectations and maternal atti-

tudes towards mathematics appear to be important. It would‘'be interesting to '
‘ . : ]
know . to. what extent the sex~-typing of mathematics as a male domain .influences

maternal expectations for girls. Perhaps mothers who had a favorable attitude

tow.rds mathematics themselves are less likely to sex-type mathematics and, to-

thus, more likely tc have high expectations for daughters.
There appears to be no single study which has' measured all.the relevant
. a.

dizensions to unravel ihe relationship of parental sex-é&%ing, expectations,
, . - .
-encou;qgement and child behavior. It would be . helpful to have a study which

°
s

measured all of the following variables.

« 1. Attitudes towa;ds mathematics for both parents“(including
. pefceived usefulness of mathematics for daughter)

.

2. Parental expectations for child's performance .

3. Parental sex-typing of mathematics ,

23
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<. 4. Parental estiméte of own ability, and reporé of
parent .achievement = - \ ‘ : . .74
'5. Bducation and.Pccupation of parents .
. 6. Student's attitudes towards mathematics. (including :
perce?ved usefulr.ess of mathematics)
7.  Students' self-expectations
8. Students' self-rating of ability
/ " 9. students' sex-typing of mathematics
10. Students' career aspirations
11.  Students' ;c'tual #chievement . -
12. Students' aptitude .
13.  Students' perceptions of parents' attitudes : o
14, Students' pefﬁept@ons of parenfs' expectations
15. S?udentS' perceptions of p;renps’ ability
16. Students' expected and actual course takiné
grades 9 - 12. ( .
If all of these variables were assessed, it would provide some interest-
) ing insight into the impact of parents upon the mathematics achievement of
théir children. In too many studies the child's pegceptions of p;rental
views have been ingerpreted as though they ;re the actual views of the par-
ents or the constfuct attitude is not clearly definedz’asa’heasures of

achicvement vary. The interpl;y of all these variables needs to be expléined

more carefully,

[ ot e e oy o e




Teacher Influences on Atuj. .udes

! .. It is generally believed that the child's most formative years in .terms

»

of cognitive abilities, personality, values, . and sex-role identification are ' -
spent in the home, not @nﬂthe school. As tgp child moves into adolescence, : ; :
the peer group begins to take on a stronger socializing influence -than even ‘
the fahily kColeman, 1961). . éhd%, teachers and th;‘school,system, by them-
selves, may have only moderate influence upon the child. Tﬁeir pow;r to
influence may be strengthened or wéakened in accordance with the degree to
which they work with or againét these.other more primary socializers.
Thus,’it is not sugprising that Poffenbergar and Norton (1959) concluded
that teachers have relatively little influence on the development of students'
attitudes towards mathematics and that self-concepts with regard to mathe-
matics are well estaglished by the influences of the parents in the pre< and
early school years. Their own data, however, do not seem to fully warrant
this conclusion. Retrospective reports of students did indicate some in-
fluence of previous year teachers qgn attitudes. .
In a-review of the literature in 1970, Aiken (1970b) noted the problem
of inferring causal relationships between ttacher attituées or behaviors'lnd

>

student attitudes and achievemeat. In a study in 1972, Aiken concluded that
9 13

teacher attitudes do influence student attitudes: Student perceptions of

mathematics teachers as negative and demanding wereé significantly related to

negative attitudes in both sexes. Positive feelings towards ‘'mathematics were

associated with positive feelings towards the teacher for boys more often

_ than for girls. Girls appear to be able to like their mathematics teachers

while‘simultaneously rejecting the subject (Aiken, 1972; Poffenberger and

Norton, 1959).




in'a review article on attitudes and mathematics in 1976, Aiken concluded
that the belief that teachers} aétitudes affect student attitudes towa;ds
mathematics has been difficult to confirm. Starkey (1971) concluded that the
effect of teacher attitude and behavior on student attitudes and behaviors
vary greatly from teacher to teachér, and stadent toc student. :

’ Although there is little evidence, it“does S8eem that teacher beliefs
about sex differences in mathématics, and their supportivg or non-supportive
behaviors, can affecgngirls' achievements and aét?tudes in mathemdtics.
(Additional evidence on the importance of teachers is discussed in the section

ko

on significant others.) Ernest (1976) reported that 41 percent of a small
sample of teachers (primarily female), believed that boys do better in mathe-
matics‘than girls, whilé no teacher felt that gixls did betier‘th&n boys.
Clearly, this type of attitude, which is different from the teacher attitudes
typically studied, is likely to influence behavior. In the Wisconsin study,-
the percepéions of teachers' views of the §tudents as learners ofgmatﬁemapics
were significantly related to intent to take additional courses, but were not
obviously related to sex-differences of the achievement fésts {Fennema and
Sherman, 1976; Sherman and Fennema, 1976). N

A study by Bean (1976) repérted~differéntial interactions between
teachers and male and female stu&ents in higﬁ'school mathematics classrooms.
Teachers initiated fewer interactions with feméles than males. Females also
initiated fewer contgcts with the teacher ﬁh;n males. Perhaps some of this

©
differential interaction is related to teache.s' and pupils' perceptions. 1In

«

a study of twelve schools that had twice the natural percentage of girls en-ﬂ:

“

rolled in advanceé plaéement calculus and physics courses, Casserly (1975)

oY




"found tifat teachers o{:" these courses had actively recruited girls for the

coursés. They also expected and encouraged high levels of achievement. ‘Self- '

i
L}

..
-

reports of women mathematicians emphasize the impact of an éncouraging teacher’
(Luchins, 1976). Fox {1974b, 1976b) found that some teachers actually ridi-

culed girls who tried to accelerate their progress in school: Solano (1976)

-
~

found that teacher stereotypes of mathemetically gifted girls were consider-
ably less favorable than teacher stereotypes of mathematically ;ifted b5§§z
Although the general literature on aétitudes and expectation; 3" teachers
has failed to sho@ conclusive results (Aiken, 1976; Rosenthal and Jacobson,
l96§), it seems that mﬁch more research is needed, particularly Fesearch re-
lating specifically to sex-role stereotyping by teachers. Even women mathe-
maticé teachers may not be providing girls with the same encouragement as they
d6 boys. - Elementary'§c§ool teachers who are anxious about mathematics them~

selves may be more potent negative models for girls than for boys.

Peer Influences on Attitudes
Teachers' attitud;s may be less potent than.those of peers. Unfortu-
nately, theée are relatively little datg& Shapiro (1962) found that peer at-
‘titudes in elementary school are determiner; of attitudes toward mathematics,
‘especially for girls. 1In a'study of adolescents, Poffenberger and Norton
"(1959) argued that éeer—group influence helped to reinforce alreédy developed
gttitudes. No discussion of sex differences was provided. Anecdotal accounts
of gifted girls suggest that girls fear rejection by peers if they appear too

bright in mathematics. Solano (1976) found that student stereotypes of mathe-

matically gifted girls were more negative than those of gifted boys. B

H5Y




It seems likely that social class may also relate to peer perceptions.

Entwisle and Greenberger (1972) found.blue-collar adolescent ia{es to be the
most liberal towards career achievement ?f women, In Fennéﬁa and Shermag's
study of Wisconsin youth (1976), sex differences in mathematics achieveT%nt
seemed greateY in the upper socio-economic levels. On the ptﬁér hand, t;é
taking of advanced mathematics courses may be more normative for“boys and

girls in schools that haive high percentages of college bound populations.

An analysis of already existing data banks on hiéh school students who apply .

®

to colleges and take examiﬁations, such as the Scholastic Aptitudé Tests,

might provide some clarification of this issue. ) -7

Other School-Related Influences on Attitudes

Cleafly, the stereotype of mathematics as a male domain is prevalent in

media, textbooks, and tests. There is no research, however, which shows how

these factors influence girls' attitudes towards mathematics as a male domain,

Kl

14
or their actual achievement and course-taking. Continual exposure to jokes
about women's poor mathematical ékills, and the portrayal of mathematics as
a male domain do shape girls' attitudes. Girls who do like mathematics s

.

must feel some sense of conflict in expressing such unfeminine interests.

In-general, the reports suggest that neither curriculum nor specific

teaching strategigs have significant ;ffects on attitudes. Aiken (1970, 1976)
reviewed the literature on attitude change as a result of specif;c.curriculum,
such as SMSG, UICSM, Ball State, etc., specific teaching strategies, or“éhe
use of motivational devices, such as calculators and computers. Many of the

studies do not analyze the attitude change separately for girls and boys.

Lack of significant findings in some studies may be due in part to failure

6
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to control for other relevant factors. For example, Devine (1967) found that
teacher experienég interacted with iﬂstructional approach. When the éeacher
of a proérammed course was inexperienced, ;chievement was equal to a teacher-
directed comparison class, but negative attitudes towards mathematics devel-
oped.: When the teacher was experienced, achievement was lower, but attitudes
were not affected.

Aigen's (1970b) review of the literature on attitudes®towards mathemat-
ics reported that studies of ability-grouping had not found this practice to
have ;igniﬁicant effect on attitudes or achievement. More recent studies

(3rody’, 1976; Casserly, 1975; Fox, 1975b; 1975e; 1976@)'suggest that ability-
grouping may Fffect course-taking behavior of girls. I; seems likely from
these studies thaf ability-grouping alone is not enough. Other factors.that
ngy interact with ability-grouping for éirls are:

1. pace of'instruction and level of content

2. duratio; of the tracking, and some social aspects

of the situation
3. number of girls in the program
4. teacher characteristics and behaviors

5. parental and peer support

6. attitudes, interests, and values of the student

-

]
wnat is needed are studies which identify teaching strategies ox cur-

ricula that affect girls' attitudes towards the usefulness of mathematics
and their willingness to take advanced courses. A study at Wellesley
(Schaefery 1976) is experimenting with a special mathematics curriculum for

freshmen that is radically different from typical mathematics programs. 1In

L4
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this study, the importance of social and aesthetic interests of women has -
been considered. The evaluation is not completed. If this proves successful,

similartstudies with younger populations. would seem warranted.

Changing Attitudes and Behaviors

In a small pilot study of a career education and skills course in mathe-~

-~

"matics, Fox (1976d) found that girls' attitudés towards mathematics became

more positive after the program. In this érogram, emphasis was placéd upon
the application of mathematics to social problems and art. F;rley {1968)
found that girls who were not given a choice with- respect to tenth grade
mathematics became more favorable towards mathematics than girls who had the
B
opportunity to elect or not elect the course. In general, however, it may
be more efficient and effective to modify behavior directly rather than at-
titudes (McGuire, 1969).

Mathematically gifted seventh-grade girls who participated in an ac-

ce2lerated algebra program were significantly more accelerated in tggir mathe-

matics progress by the end of the tenth grade than were the girls in a control
group. The experimental girls were not, however, more favorable towards mathe-

matics or mathematical careers after the special clags, or three years later.

(Fox, ié76e; 1976f) . Thus, changing the behavior had little effect upon the

expressed liking for mathematics, but still accomplished the more important
goal of modifying course-taking behavior.

Carey (1957) found significant.sex differences in attitudes towards
problem-solving as well as performance on problem-solving tasks. After in-
tervention, a discussion session to improve attitudes, problem—solving/behavior

improved for the women but not the men. Attitudes, however, did not change for

either sex.
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A limitation of the studies of attitude change is that.they have in

general not focused on specific attitudes of perceived uselulness of mathe-

-

matics and perception of self as a learner of mathematics. Perhaps wheh be-
havior is changed, it is these attitudes, not expressed liking for mathematics,

problem=-solving, or specific career choices, that are affected. More research

.
<

is needed.

values ) s :

On the basis of a review of the literature on several measures of social
orientétion such as empathy, response to social ré%nforcementé, proficiency
in imitating models, and amount of time spent in interactive social play,
Maccoby and Jacklin (1974) concluded that the belief that girls are more
"social” than boys was unfounded. They did not cite, however,-the studies of
social (altruistic) value orientation versus theoretical (intellectual) value
orientation among adolescents and adults.

Numerous studies report sex differences on the value scales of the

Allport;Vernon-Lindzey étudy of Values. Indeed, in most studies women score

higher than men on the social, aesthetic, and religious scales and lowef on

the theoretical, economic, and political scales (Allport, Vernon, Lindzey,

1970). Differential value profiles are zelatedcto educétion;l and occupational

choice. For exaﬁple, the profiles for female medical students are distinctly

different from female graduate students in business or nursing, or art‘students.
High scores on the theoretical scale are assqciated with interests in

science and mathematics. MacKinnon (1962) found high scores on both theore-

tical and aesthetic scales to be typical of creative mathematicians. Studies

at the Johns Hopkins University have found high theoretical scale scores to

S
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be characteristic of mathematically precocious adolescent males (Fbx, 197649;
Fox and Denham; 1974). . Mathematically gifted girls were less likely than the
boys to have high sociai or aesthetic scale scoresl Differential values
s?emeé to account foriséhe of the observed sex differences in interest in

mathematical acceleration and careers among academically talented youth.

Although it is possible to measure values of gifted students as early

" as grade seven (Linsenmeier, 1976), there are no studies of the development

of value prientations as measured by the Study of values from early adoles-
éen;e téﬂadulthood. One study of stability of values for college students
between the fréshman year and graduation found the following: First, values
appéared to be very stable over the college years,'aithough there was some
tendency for aesthetic ;§iue scores to increase and religious value scores

to decrease; second, values of students in specific majors were similar; and
third, individual values shifted slightly to become even more like the major
gr;up profile (Feldman and Newcomb, 1970). These results aie consistent ;ith
other studies of personality which sugJest that personality formation occurs
early and is not highly flexible and fluid. Value orientations are not likely

to be as amenable to change as are attitudes.

Influences Upon the Development of Values

Few studies have examined the relationship between parents and children

on the Study of values. Fisher (1948) studied college étudents and their, par-

ents and found that students' value profiles were more similar to their same-
sex than opposite-sex parent. Gray and Klaus (1956) found that both college
males and females had profiies more like their mothers than their fathers.

Females were more like both parents than were males. In a study of

b ]
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mathematically gifted adolescents Pyryt (1976) found that profiles of boys
were more like their parents' profiles than were the profiles of girls. Al-

though boys' profiles were more like their fathers than were girls, girls were

.

not significantly more like their mothers thap the boys. A very’small number
of girls and boys had become accelerated in mathematics. These students had
profiles like their opposite-sex parent.

It is interesting that the profiles of mathematically gifted females in

the Pyryt study were less like those of either parent than were females in

the college samples. The small number of students in the study makes gener-

3

alization difficult.

It is surprising ' that there is so little research oﬂ the development of
values and the relationship of values to learning environments. Pexhaps
values have seemed to be too personal or too political to be explored. It
seems logical to assume that values are developed as a result of learning
;ather than by purely biological maturation. The fact that males and ﬁemales
tend to develop rather different value profiles suggests the impact of strong
but subtle conditioning. It would seem'important to understand more about
the process of value development and its reinforcement by family, schools,

and peers.

Values and Educational Strategies

The social value scale of the Study of Values is a measure of altruistic

concern for people rather than a measure of sociability. Persons who score
high on this value scale may find mathematics classes that emphasize the
theoretical and abstract nature of maghematics less interesting than courses

which emphasize the application of mathematics.

()




To date, there are no reports of programs that have studied value-
treatment interaction in science and mathematics instruction. Sex differences

in mathematics are even more likely to be directly related to value/interest

correlates of sex-identity than to innate biologica}/cognitive correlates.
Research of this type is sorely needed. Perhaps boys who have low theoreti-

cal values also under-achieve in mathematics programs that have theoretical

orientations. Instructional strategies that recognize and adapt to differing

values and interests might foster greater achievement for both boys and girls.

Knowledge of the value orientations of students and their parents might

be useful information for identifQing girls and boys who may not enjoy tradi-

tional mathematics classes, or who will receive little parental support.

-
-

Three program implications come to mind. Girls who have low theoretical

value orientations may respond differentially from girls with high theoretical

s

orientation to various kinds of mathematical experiences. The former might be
E})v
. . . Y .
more interested in learning mathematics if it were taught in &ays to emphasize

social or aesthet;c applications, as the program at Wellesley does- Second,
girls who have moderate or high theoretical orientations may be those who are
mecst predisposed to respond to career education efforts and encouragement to
éevelop within more traditionally scientific areas. Third, parents whose. .
values are not highly theoretical, but who have mathematically talented chil-
éren, might benefit from family counseling programs aimed at increasing their

recognition, acceptance and nurturance of mathematical or scientific talent

.
»

and interests of their children.




Educational Policies and Practices

The very fact that fewer mathematics courses are réquired in high school

.

than are courses in English, or even sometimes sogial studies or physical edu-
N é -

pe

cation, reflects the belief that mathematical competence ﬁa} not he necessary
fof“evgtyone. Although it does seed-true that not aIl studengg are capable .
of mastering advanced courses, such as calculus, peéhaps girls who are capable
of learning it should not be allowed to omit it from their programs. If four
fears of high school mathematics wer;'required, perhaps more girls wpuld take
the advanced courses. In a comparison of girls in schools that required a
third year mathematics course with those in a school that did not, Farley
(1968) found that the girls who ware forced to take the >urse showed improved
attituQes towards mathematics, whereas girls who elected theﬁpourse did nét.

A seventh grade intervention program'for gifted girls also had significant re-
§u1ts (Fox, 1976e). Girls who became accelerated in mathematics by one year
as a result of a speciai suﬁmer‘brogram continued to accelgrate by the end of
the tenth g-;rader A control group of girls was not equally accelerated. Yet
'thg control boys had become accelergtﬁgf presumably by virtue of thei; own
initiative and encouragemegt from pareﬁts and teachers.

Although it may be difficult to mandate the advanced courses, current
teacher and counselor pgactices should clearly be changed. Teachers ani coun-
selors should make a concerted effort to identify and én&ourage girls who have
the ability to take the courses. Perhaps the implementation of accelerated

mathematics programs in the elementary and junior high school would foster

greater course-taking in the high school and college years.

-

e
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Programs éor the gifted, especially thé mathematicailx gifted, do appear
to maxe a difference. Cas;erly (1973) néled thét many of the girls en¥olled
in the advanced calculus and xcience courses felt that their induction into
special gifted or academic tracks as early as érade four had been a major Qde-
terminer in theixr taking the advanced courses. Special accelerated mathe-~
matics programs initiated in several school systems in Maryland appear to be
highly successful in accelerating the mathematics progress of girls, particu-
larly when the program'is integrated into_fhe basic school program (Brody,
1976; Fox, 1975e; 1976f).

-

The acceptance of programs for the gifted at all school levels would

also be useful for identifying girls for whom career education programs that
exphasize professional career areas would be most appropriate. Once girls

ar(. identified as gifted and tracked into advanced_and accelerated programs,
tha°~:ay_§§%likely to raise their self-expectations, and expectations of their

parents, teachers, and counselors may be modified. Such programs may relieve,

v

-

‘Cirls of the pressure to defend a choice to pursye the édvanced courses.
Soecial programs and advanced courses a;e likely to be most beneficial
to girls if the number of girls does not become too small. Thi; hg; been
noted by_both Casserlf (1975) and Fox (1974a; 1976a). The g%agt nhmbef.of
irls needed to form a "critical mass" is not known. Nér do ail girls shy
away from being the only girl in a1o§herwise all-male clgss in school. The
inclusion of a ;izeag}e numbe; of girls, however, does seem to ﬁake a dif-
ference. Fax (1974b; 197¢éc) found that éirls were far more ea&ﬁr to éartici-
cate in all-girl accelerated classes than in ones where there were very few

\

girls. In mixed-sex classes, if one girl drops out, others may soon follow

+ R L
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(Angél, 1975;. Casserly (1975) noted that girls in advanced placement doursés

cited the need for a female peer -cohort for moral support.

S - .
Whether or not all-girl -schools or: classes promote greater achievement “i

3,
5
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among girls than mixed-sex groups is not clear. Hurley (1964, 1965) found .
that scores on several achievement measures, including arithmetical concepts,
improved for fifth grade girls after one year of a same-sex class, but no

increases were' found after the second year. The reverse was true of males

o AT, Ve G 1T
.

in gll—boy classes. Although teacyers felt there had been significant changes

_in behavior of both boys and girls in same-sex classes as compared with mixed-

vl g e #ha e

sex ones, especially in terms of less sex role stereotypic behavior, the boys,

but not the éirls, liked the sex-segregation. Although Fox (1974b; 1976c)

~

- s by
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found girls more willing to participate in all-girl accelerated mathematics

classes than in mixed-sex ones, achievement was riot notably better. This

may have been, in part, because of "the different selection procedures used.

\ " N

The girls in the all-girl class were less highly selected than in mixed-sex

BT i

comparison groupé. Husbands (1972) has arguea against $ex segregation on the
grounds that separate rarely can be sepé?ate and equal. The;e is a danger
that science and mathematics courses in all-girl schools will be of lower
caliker than in all-male schools. The data are not strong.enough to warrant
mandating all-girl classes as part of a regular program. It may be, however,
th;t foé career education purposes\apd special accelerative or remedial pro-
érams, alaqgirl classes will be more successful than mixed-sex ones. Fér
exam;le, remedial mathematics programs at the collgge level may be more sug-

cessful when all-female groups are employed (iMacDonald, 1875). Further re-
2

- " sbarch is indicated, but the restraints of Title IX may be a problem.
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Although Title IX may inhibi§ some research efforts, by and large it will
_probably reduce some sexist practices; séch as all-male schools that emphasize
science and mathematics. .

The sex of the teacher is probably totally ifrelevang to the success of
girls in regular or special prog;ams. The attitudes of the teacher may how-
ever, by very important as found by Casserly (1975). The continued use of
textbooks and tests that reflect sexis: bias, however, should not be tolerated.
Even though there.is a lack of direct research evidence to support the nega-
tive consequences of the use of such materials, the implications of the bulk
of the research is that the prevailing\stereotype of mathematics as a male domain
inhibits achievement of females and must be discouraged.

A final educational practice that works against the achievement of women

>

-

in mathematics is the failure of many, if not most, educational institutions
to provide career education programs and counseling services that seriously
consider the special peeds of women. Some general insight into the problems
of sex discrimination of schools and counseling is provided - in a series of

reports.




Conclusions and Recommendations

There are typically three general hypotheses offered as explanations

for male superiority in mathematics (Aiken, 1976). fThe first is that biology
I’

'is destiny and genetics not interests, effort, and cultural expectations. and

conditioning account for sex ,differences. The second is that psychological

masculinity is required for excellence in mathematics. The third is that the
sex~-typing of mathemagics as masculine results in differential expectaéions

and socializdtior practices for boys and girls with respec£ to achievement in
mathematics. The first hypothesis was not addressed-ih‘this review of the
literature. The second hypothesis was not strongly supported by the litera-
ture. The third hypothesis does appear to bé stronqgly supg%rted by the existing
research.

Conclusions

Despite the lack of longitudinal studies, particularly ones that assess
the multi-factor ngture of the issue, and the confusion of terms, the bulk of
the evidence on sex role socialization and matheﬁatics achievement points in
the same general direction. Women acﬁieve less in mathematics and science than
ren in terms of careers and on tests partly, if not totally, because that is
what society expects and encourages. Subtle and not so sustle messages that
mathematics is a male domdin are given to girls and women by parents, peers,
educators, and society at large. Although the penalties for trespassing into
the male domain are not so severe as to threaten life or limb, they are harsh
enough to deter all but’the most intrepid souls. Society encourages girls to

believe that there is :a conflict between.the ideal feminine role and adult

achievement in careers, particularly in mathematics and the sciences.
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Sex differences in adoleécence and adulthood on mathematics tests and
carear choives appear to result, at least in part, from the differential pur-
suit of mathematical experiencés, notably course~taking in the secondary and
post-secondary school years. Differences in course-taking for the sexes is

&

bo+h cause and effect. Aithough sex differences in course-taking may not
exslain all the observed sex differences on tests of achievement and aptitude,
it is by itself a major achievement difference and contributes heavily to
@ifferences in adult career options. The reduction(or elimination of sex~
dif}erences in course-taking shou;d lead to decreases in sex differences on
other measures of achieveﬁent. Even if course-taking could be made constant,
sc=2 sex differences might still exist as long és the underlying causes of
diffzrential course-taking are left unchanged. To reduce or eliminate sex

\J
di<<arences in achievement in mathematics we must first understand the social

consitions that foster differential interest in.the pursuit of mathematics

.eézcation. ‘ o

Two factors that have been found to relate directly to sex differences
in course-taking are the perceptida of the usefulness of mathematics for ca-~
rezrs and the support ané encouragement from significant others. A third
Zazzor that also.apbears relevant but for which there is less direct r;search'"
aw.Zance is educational policy and préctize. tnderlying these three factors

ar2 2 factor in itself is the perception of mathematics as a male domain.

ser-=2ived Usefulness of Mathematics

sex differences in the perception of the usefulness of mathematics for

as:lt life has been reported as early as grade seven, the age at which sex

&- ZZavences on achievement measures are typically first found. It is quite




This does not appear to have been researched. It may be, however, that the
perception of the usefulness of mathematics is also influenced by the fact
that the nature of mathematics appears to change from arithmetic skills and
concepts to more abstract algebraic and geometric concepts at the middle-
school years. The pre~ and early adolescent years are also those in which
the awareness of the social ;nd biologic;l differences between the sexes

becomes a crucial force in the development of the chilé. It ' is at this point

that awareness of sex-role app;obriate behavior is likely to become quite

pétent in influencing behavior. It is then perhaps not coincidental that in
adolescence manf girls begin to perceive themselves as less competent than

boys in mathematécs. The perception of the usefulness of mathematics appears

to be related to the perception of mathematics.as a male domain and to some

general beliefs about apgropriate careers for women.

Sex differences in career interests and aspirations are found as early as
kindergarten. In general girls are less oriented to careers other than home-
maker than boys and those who are career-oriented are less likely than boys to
be interested in professional careers in mathematics and science. It is not
too surprising that girls perceivé mathematics as less important for their
future‘tﬁan do boys. Some girls who are career oriented may be prematurely )
self-selecting themselves out of mathematics courses because they are unaware

of the true relevance of these courses for the careers in which thié_are inter-

ested. Ignorance about the importance of mathematics for many career areas is

r

-

perhaps a result of the lack of adequate career education programs in the schools
as well as ignorance or sexism on the part of counselors, teachers and parents.
Lack of interest in careers in general seems to be a result of the complex
socialization process during which girls learn to pegﬁgive a conflict between

achievement (careers) and the feminine role of wife and mother despite the fact

Q T ,ng
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that the great majority dﬁ today's women do indeed spénd some time in the

labor force. The avoidance of professional and technical careers, particularly
in mathematics, is also a result of the lack of available women role models

and the stereotype of these career areas as unsocial. Why women appear to be
more oriented towagds social and aesthetic than theoretical and economic values
and careers is not totally clear. Society; particularly the significant others
in the child's life, appears to reinforce if\not cause these differences.

Support from Significant Others

Girls' decisions to take or not to take advanced courses in mathematics
are directly influenced by the advice of significant others. School counselors,

alas are likely to discourage rather than encourage girls to take the courses

,

or to pursue careers in-mathematics and science. Although the impact of a non- -
sexist and inspirational teacher may be greater than the influence of a ;ounse-
lor upon a girl's perception of self relative to mathematics, teachers are
by-and-large likely to believe and reinforce sex-role stereotypes. Girls may

’
be even more sensitive to peer preééure than to the influences of educators.
Whether or not their perceptions are accurate, girls seem to believe that ex-
cellence in mathematics is socially undesirable. Adolescents do appear to have

v

a ﬁére negative image of mathematically talented girls than boys;and.males,
particularly white middle-class males, do not appear to be suégéytive of achiéVe- ..
ment for girls. Gigls tend tc orient their career aspirations in keeping with
their verceptions of what males will tolerate. On the other hand, support from
a strong feméle peer group may enable girls to deal with male peer pressure
when selecting courses and careers. Although all-girl classes may be unaccep-
table under Title IX and not totally acceptable to many girls, the sex-ratio

of & mathematics class may be an important factgr in girls' willingness to take

advanced or accelerated mathematics and science courses. Peers, teachers and

counselors may be less potent as changers of attit :des than as reinforcers of

:] ‘;
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attitudes already shaped by the home and society at large. Parents, partiL

cularly fathers, play a crucial role, directly and fndirectly, in the develop-

ment of attitudes, career interests and decisions to elect or not elect courses

L]

. "

in mathematics. ‘

Although there may be a great deal of similarity jin the early socializa-
tion experiences of boys and girls, parents often have lower educational expec-
tations for daughters than for sons. Parents have the earliest influence upon

A

the child's concept of self and upon the child's perceptions of sex roles and

P
?

sex-appropriate behavior. 1If pérents sex~type mathematics and related activities
as masculine this view is comm;nicated to the child. Parents doxtend to reinforce
sex-role stereotypes in their choice of toys and in their greater acceptance of
low levels of achievement in mathematics for daughters than sons. The attitudes
and expectations of thé father may be more important than those of the ﬁother
since the father is more likely to be the parent who exhibits interest in
mathematics and science and to whom the daughter turns for help/with mathematics
homework and ad;ice about course-taking. Mathematical competence appears to be
adversely affected by the absence.of the father for both sexes. Tf mothers,
however, are strong models for career aspiration and competence in mathematics,
they may have a potent effect upon their daughters' attitudes and career orien-
tations. The fact that little girls oftenhperceive women only as homemakers
appears to shape their expectations for tbeir own future roles.

Identification with.the mother or father does not necessarily exclude or
foster competency in mathematics. The nature and importance of a female child's
identification with either the f;ther or the mother or the generalfzed masculine
or feminine role with respect to achievement in mathematics are not clear. What

seems to be a most promising explanation is that females who have very feminine

orientations can succeed in mathematics or pursue a mathematical career if these

ERIC . | 7
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activities are not perceived by them as incompatible with the feminine role.
If the females perceive these activities as masculine then they will succeed’
less well in them than males unless the females have @ masculine or at least
androgynous role orientation. The argument that identification with an ab-
stract masculine role by boys promotes an énalytical coqnitive style does not
seem to be supported by evidence. Clearly more research is needed to untangle
the issue of masculinity-feminity dimensions of psychological identification
and mathematical competence.

There is also surprisingly little direct research on the impact of specific
child-rearing practices upon the development of mathematical ccmpetence or
career orientations in girls. The research suggests that those practices which

-
foster independence and self-reliance also foster competence in mathematics
whereas children who are over dependent or who have intgrfering and demanding
mothers may develop discrepant verbal and mathematical abilities. Many of these
are based on samples of children selected for their discrepant ability patterns
without studying the ability patterns of the parents to control for possible‘.

hereditary factors. Studies do indicate, however, that parents of boys are

a

more likely to emphasize achievement, competition and control of feelings while

parents of girls stress interpersonal relationships, affection and protection.

while it seems logical that these parenting practices will eventually lead to

less intellectual risk-taking on the part of dirls than boys, there is no

direct evidence as to.the impact of these practices upon the development of
mathematical ability.

Thus while there is some indication that parents are the most important
influence upon éhe development of the child's view of self and the world, the
exac dynamics by which the child learns csix-role appropriate behavior from the
narents is unclear. Nor islit entirely clear exactly how parents foster or
inhibit their child's achievement in mathematics and careers. "It does appear,

niu .
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“
however, that many girls do.‘receive some direct messages from their parents

‘

which indicate low expectations for. success in mathematics and the pursuit of

5
professional careers. Girls who take the advanced mathematics courses are -

“

likely to report encouragement from parents. In general, however, parents may N
be less supportive of daughters than sons because of their own stereotypes of

appropriate feminine activities.

Educational Policies and Practices

Although the perception of the usefulness of mathematics for future careers

and the support of significant others are the most directly obvious factors

»

associated with course-~taking, educationalupolicges and practices also have some

influence. If mathematics course-taking was ntioptiohal in the secondary
: . Y

school years, perhaps there would be more girls~bnrolled in the advanced courses.

When the courses are optional more boys than girls take them because the boys

are encouraged to see these courses as necessary while the girls are not.

~ -

Programs for the acadenmically able student that begin in the elementary

s.hool years also appear to zromote greater course-taking in mathematics and

-

science at the secondary level. Although "tracking" has become unpopular and

only a few states have activs programs for the intellectually gifted child, - C—

»

boys who have ability tend to move ahead in mathematics at a more rapid pace
than their gifted female cohorts. Perhaps if programs for the academically
gifted were wider-spread more girls would be encouraged to take .the. advanced

-

courses in mathematics and science.

Until recently some classes were segregated by sex, such as home economics,
shop and mechanical drawing. Such practices helped institutionalize sex-role
stereotypes. It is perhaps unfortunate that efforts to eliminate these sexist
practices may also eliminate sex-segregation for purposes which might ultimately

benefit both boys and girls. For example, special classes in mathematics or

1
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science just for girls might be useful for attracting girls who would
otherwise avoid these courses for fear of competition with males.
. Although there is no evidente "that the sex of the teacher is an important

faétor for achievement or attitudes in regular classes, the fact that teachers

of science and mathematics at the secondary level are typically male helps

reinforce the image of mathematics as a male domain. The problem is of course

circular. It Qil; be difficult to recruit more females for these jobs as long

as many women avoid the courses at the high school and college level. s
Perhaps the major institutianal practice that poses a barrier to women's

entry into courses and career areas in mathematics and science is the lack of

career education and counseling programs at the elementary, secondary and

post-secondary school levels. Even schoois which have such programs may upon
closer scrutiny discover that these programs still perpetuate the stereotypes
of'limiked career opportunities for women. Also, these programs ofpen do not
include female rolg—models for atypical careers which appear to be a necessary

component of an effective career education program.

. Mathematics as a Male Domain

The view of mathematics as a iale domain is wide-spread and portrayed in

¢

the media, textbooks and" test§. Parents, teachers and students all appear,

at least for secondary students, to believe that this is true. This belief

undoubtedly underlies the foregoing correlates to sex differences in course-

taking and achievement in.mathematics. Although there is some gquestion as to
whether or not females fear success, there is ample evidence thét females who
wish to appear "feminine" are more comfortabile in task-situations that are
labeleq feminine or at least neutral than in those labeled masculine. %h; sex-

typing of mathematics as a male domain leads to different expectations for boys

and girls with respect to success in mathematics classes. These self-perceptions
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are reinforced by behaviors and expectations of teachers, peers and parents.

1

It is little wonder “that girls have less self-confidence than boys as learners

of mathematics. This presumably accounts for differences in course-taking

when courses become optional. .
It has been hypothesized that in some cases the conflict between ﬁgmininity'

and competence in mathematics becomes so great that an actual phobia or anxiety

about mathematics develops. At present there is little information as to the

causes of math-anxiety, but it does appear to exist. Even females who on tests

.
b -~

appear to have well-above average aptitude for mathematics are not'apparently

o v
!

P

irmune to the phobia. For some adolescent girls this fear may result fgém an
aporoach-avoidance conflict. They may be attracted to mathematics and related
careers by virtue of their abilities and interests Xet be too insecure in their
own feminine identity to trespass upon male territory or be drawn by conflic- 0
tins interests to more aesthetic or social pursuits.

The stereotype of the mathematician or sc}entistkas cold and asocial is
li%zlv to contribute to this conflict. It does appear that females have more
social than theoretical values. It is unfortunate that mathematics is so often
tausht in such a wav as to deemphasize its relationship to the arts and the
soclal science;. Mathematics classrooms, particulafly at the advanced course
lezl, do indeed appear to be male domains taught by men to largely male classes.

as long as mathematics classes and careers inzrelated areas maintain their

. . . . . . . i
m&tciline mystique the problem is somewhat circular. Girls avoid mathematics

' 3ses and careers because they perceive them as male domains; they receive

C s

'e encouragement to pursue courses and careers in these areas by significant
vt.ers vwho also appear to perceive these activities as male. As long as women
avo.3 these courses and careers there will be few role models and the image will.

e=zin .nchanged. The question of interest is how to break the chain and to

7Y




reduce the sex-typing of mathematics as a male domain and increase girls®

participation in math;matics classes and careers.
Recommendatiohs for Educational Policies and Practives ,

To increase girls' participation and achievement in mathematics classes
at the secondary and post-secondary schéol levelsf it will be necessary to ‘
incré;se girls' awareness of career opportunities for women and the impprtance
of mathematics t; many ;;reer areas including homemaker. Girls should also
be made aware of the wide variety of caréers in business, government, .and
industry that’ require mathematical competence and yet have social service
conponents. _Appreciation of many avocational activities in art, music, and
games might be heightened alsa by an awareness of their relationships to
mathematical concepts.

The most obvious and direct method for fostering an underétanding of the
relevance of mathematics to careers and life wonld seem to be through career
awareness and edu—ation prégrams at the elementary-through post-seEondary
level. Such programs could be widely wvaried in nature; they should probably
include, however, some exposure to women who have full- or part-time rareers
related to mathematics and the sciences. Career education programs need not be
costly. Many community resources exist for little or no charge and retired
persons might serve as volunteers. Such programs should be constructed with
a concern for eliminating sexist portrayals for women. Some existing programs
should also be carefully evaluated to eliminate "unconscious" ;exism. Some
standards or guidelines for career education programs need to be developed and

disseminated to-schools. Some prelimggpary research and pilot~testing of model

programs may be needed before such guidelines can be developed.

O
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Non-sexist career counseling is also needed. In order to~provide this

¥

some special in-service training for guidance counselors may be needed. It

might also be valuable to generate a list of non-sexist vocational interest

inventories or guidelines for improving the interpretation of existing instru- . o

] * .
ments for women. Some research is already in progress and should be continued.

1

The provision of non-sexist career awareness, education, and counseling
rd

pregrams should help dispel some of the negative peer pressucé against girls'

Y

pursuit of “"atypical" careers. The attack on sexism and racism should not be

»

left to chance. Program materials should be designed to directly confront and ?

dispel-myths and prejudices. It might also be wise to dégiéh such programs,
° - o
particularly those at the elementary'and junior high school levels, in such a

way as to elicit parent and classroom teacher involvement so that they will be
aware of the purposes and merits of such programs. Parents might be encouraged

to serve as volunteer workers in some aspects of career and community education.

Parent-effectiveness training has recently become popular in some areas of

O

the country. Such programs are not typically offered by the public school sys-

tem. Perhaps public education should offer coursds for parents_that encompass

a wide range of topics including agism, sexism, racism, and the importance of
career education and guidance. Many parents may pot realize that their attitudes
and béhaviors, such as the choice of toys and games for their offspring, couid
influence later learning.‘

In-service programs for teachers shbulé also be égveloped. Many teachers
may be tctally unawarevof their odn sexist practices or beliefs;ﬂ_Mathematics

and scieace teachers might .be encouraged to develop special units that depict

-

the imgportance of these subjects to broad areas of human endeavor including .

social service and aesthetic careers,and activities. In some cases the practical

-

?ppllcations should receive greater. emphasis. Courses on statistics, computers

-
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and other areas of applied science and mathematics might-be dzveloped and ¢
~ .

of fered at the upper elementary and lower secondary level. Teachers shou}d be

encouraged to take a critical look at the textbooks they use and the activities

[

and tests they develop. Some general guidelines might be developed and dis-

seminated through teacher organizations such as the Nation 1 Council.of Teachers
. e

of Mathematics. Teachers should be advised to specifically identify the boys .

and girls who appear to have very high aptitude for mathematics and to encour-
. I\ .

age both girls and boys to pursue courses agd careers in this area. If teachers,

counselors, and school administrators,seek out these students at an early age

v

they may be: able to increasgwfgé participation of girls in the more advanced

courses. v o

- ‘

Programs for the.gifted and talented chilé that rqugnize and facilitate

LN
the developments of special talents, such as mathematical ability, may have a
. .

positive effect on the céurse-taking behavior and attitudes of above-average -
N v

ability girls. Early:identification programs would enable schools to identify
2

those girls who have great academic potential at an age where special inter-

vention in the form of career education and specia. encouragement in mathematics

might be most benefiéial. 'The early tracking of these girls into college bdund

3 .
programs éhaq emphasize the importance of mathematics an ience could have a

potent positive effect on later achievement and career chajce] Concomitant

counseling for the parents of such students would also be deglirable. For such
<

talented students sf ial after-school or summer courses thay combine career

education with mathematical skills might be valuable.

) Early screening programs to identify gifted students might be integrated with |

existing programs to idertify students who need special remediation in basic

subjects. Early and continued identification programs might also seek to locate

"~
-

-y
students who are developing anxieties about their abilities in mathematics. To
4
é

v
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some .extent such programs ncw exist to identify students who show potential for

difficulty in reading. Such efforts should be expanded to dinclude those who
; show high verbal or reading competency but poor arithmetical skills devefopﬁeﬂt.
. - P

The concept of literacy should be expanded to include quantitative literacy as’"

“

well. The Right to Read program might be broadened to include the right to

learn basic computational skills, arithmetic concepts, and .the applications of
these to everyday life. At present most school systems require only one, or, two

years of mathematics at the high school level for graduation. Increased require-

-

ments and more varied course offerings would ;lso seem desirable for all abil-

ity groups. ©

There has been some concern with the sexi§m present in media, tests, and
1 - .

- LY

textbooks. This ¢oncern has by-and-iarge not been as directed towards mathema-
tics texts and tests as it has been towards basic readers and children's litera-

ture. The image of mathematics as a male domain might be greatly reduced if
«

<

textbooks, tests, and media were less sexist with respect to mathematics. Text-

book adoption committees at State gnd local school system levels should be
encouraged to scrutinize the offerings for their éekiém és{yell as racism. Pub-~
lishers of educationai materials should be made aware of the negative, aspects %
of sex-role stereotyping and urged to develop mﬁterials that po;tray women in a |
v;rietf of roles and as capable and active ;ather than incompétent and passive
and avoid equating mathematical and scientific interests with masculinity.
Aithou3zh it mey be impossible to mand%te‘étandards for publishers or textbook

hd L]

comnittees, lists of recommended books and materials as well as informal guide-
lines might be generated and widely disseminated. Some federal grants might
be given for the creation of_non-sexiét educational materials as models. It is

difficult to know how to best influence the media. Federal and private founda-

*

.ong that give grants to public 'broadcasting efforts could at least be urged

ERICT Y gy

7




<o céenand non-sexist and non-racist programming. Professional women's organi-
i

zztions might also be encouraged to become more wvocal advocates £ non-sexist

L Y -

‘ Professional women's grours such as the Society of Women Engineers or the

~
N

Association of Womer Mathematicians mighd also be encouraged to expand their

activities to include more direct involvement with schools and school systems

in career education efforts. Perhaps federal and private monies might be pro-

o

videé for furthering their efforts to recruit students and disseminate positive
. ‘ ‘ ]

images of career opportunities for women.
Thaere is one additional barrier to women's full development in mathematics,
v o o,

tarticularly careers in this area, that cannot be directly removed by educational

vrogran efforts. There still exists ambivalence and conflict about appropriate

’

roles Ior women. The combining of family life and careers is still more proble-
mztic for females than males. Career education programs and career counseling
Zcr wooen must somehow deal with the realities of this problem. The world of

utside the family is accessible to women but may carry some extra burdens

»
(3]
g
w
0

¢r ccsts that are not present for men. As long as this situation exists, some

i

Zzralss nay remain aloof to attempts to increase their interests in careers and

f

thus their achievements in mathematics.

®_:ir2 and systematic efforts to educate society as a whole may eventually
zrifg 2bout some desired changes. Closer federal scrutiny of sexist hiring and

rrimztion practices,: the pravision of better jobsite day care facilities for

P ’

snllirsn of working mé%hers, wider acceptance of the contribution of women to the

Zz=2r Zorce, better health insurance provisions for working mothers, and other

v

9
-zzcr ané nealth measures may in combination with better educational opportunities

"

zz2 1o changes in society's acceptance of women's potential for contributions

(S, - ' “o
l(j:: =z.. areas of endéavor.
SerT
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The foregoing suggestions for educational values and practices do not
begin to ;xhaust the possible strategies that might be employed to increase
women's participation in mathematics courses and carcers and thus hopefully
reduce sex differences. 1In summary, there appear tc be five important goals

related to education that could be affected directly by program efforts at
the national level. First, greater awareness among females of the value and

o

usefulness of mathematical competency for adult life, particularly in careers.

This can be approached through the development of career programs, curriculum
"development, and public education. Second, a réduction of harmful stereo-

typing of ﬁathematics as a male domain and the feminine role as incompatiblé
with achie;ement and competency in mathematics. This goal can be approached
through a variety of means. Third, the fostering of greater awareness and
sénsitivity,on the part of educators, parents, and the general public of their
roie in promoting the full development of all talent areas in young children
and the value of the first two goals. Fourth, the promotion of a truly flexi-
ble“and democratic educational system that can deal with individuals and not
Stereotypes. Fifth, the support of educational research on the causes and
correlates of sex di1fferences in achievement in mathematics and the develop-~

ment of intervention and remediation strategies including career education

efforts. Elaboration of research needs are in the following~section.

7
- 3

Recommendations for Research
" Until very recently there has been little research onvfactors inhibiting
‘the intellectual and career development 6f women. Two types of research efforts
seem indicated. First, more basic research is needed to understand the nature,
extent, and causes of sex differences in mathematics achievement on tests, in
T,

. . . S
course-taking, and in career choigces and success. Second, it is not too soon

to conduct e:rperimental and guasi-experimental studies of intervention and

ERIC. 45 |
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.emediation programs

for students, educators, parents, and combinations

of the three groups. - -

The design and implementation of both types of studies should include
two considerations. There is a real need for longitudinal studies. Inter-
pretation of future studies would also be greatly enhanced by the observance
of some uniform standards for measurement and evaluation.

Too few existing stgdies’of sex differences have been developmental and
lonjitudinal developmental studies of ghild-rearing practices have rarely
collected the types of information necessary to understand the éynamics of
sex differences in mathematical competence and self-confi ‘ence. "Some on-going
longitudinal studies might be modified to include the collection of such

data s parental sex-typing of activities and expectations for sons and daugh-

ters in care‘rs ;nd mathematics achievement. There is clearly much we!do not
xnow about the development of competence in mathematics, career aspirations

and interes£s, values, and sex-typed or androgynous personalities. Longitudi-
nal studies that assess a multitude of variables are needed to provide meaning-
ful answers to the many questions that exist. A single national study of the
oroblem may be too difficult and co;;&y to tackle; A bomérehensive plan might
»e developed, however, and Gbrious'parts of the research divided among many
different researcg groups.

The need for a complex but congruent reseagch design is also true of
studies of intervention and remediation programs. Lantz, et 2l. (1976), for
example, found it extremely difficult to evaluate and(compa?e intervention

}
stfategies furded by the National Science Foundation which varied in criteria
for selection of subjects and measurement of outcomes. The interfretation of

findings would be c?nsiderably enhanced by the ap, ,ication of uniform selection

Q . .
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and outcome measures across studies. For example, studies that attempt career

5

education or counseling in different ways could be compared more readily if
they used the same pre- and post-test measures.

Let us consider the following questions: At what age should career educa-

<

tion programs begin? Are female role~-models essential to career edgzation

‘programs? 1Is it more efficient to have programs for teachers or parents or ..

counselors than programs for students? If numerous separate proposals are
sought and funded which attack these questions as separate entities and employ
different populations and evaluation measures there may be only non-comparable

fragments of the puzzle at the end. If, on the other hand, one large research

Gesign is developed and appropriate sampling techniques employed as well as

2

vniform pre- and post-measures, the results may prove most enlighteﬁing. We
could have X number of treatment models, some designed for students, with and

without role-model components, some designed for teachers, some for parents,
et
some for counselors, and perhaps some which have components for more than one

group. Each of the X number of models could be tried for Y number of age groups.
Social class and mathematical aptitude of students could be controlled for by

various methods. Pre- and post-test measures could be designed to encompass

1

the coals of all the programs. Out-come measures of increased course~taking at

2 given age, career interests, knowledge of career opportunities, etc. could
-~ -

all te assessed for each sarple of stucents to determine the relatiye effective-

ness of each strategy. If sarple populations are large, other variables suéh'as

[

"

value orientation, etc. could also be assessed. If all data were collected at
uniform times and recorded in the same format, a single computer analysis could
te programmed and condufted. Perhaps one institution could design and perform

all the analysis while a large number of differerit research groups conducted the

- ! ’

. . % . . . .
actual program aspects. Such an approaca might indeed revolutionize and revita-

.

-
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Such an approach might also be employed on longtudinal developmental studies and
thus alleviate the burden placed on one research group or one set of respon-
é2nts. Thus five‘or ten or even hundreds of small manageable longitudinalo
studlies could be conducted simultaneously on matched or random sampies. Such

an agproach would maké it possible to assess the full range of possible corre-
lates without studying each factor in every sample. ,

Let us consider some of the research questiorns that might be addressed Ly

non-intervention studies, particularly those of a longitudinal or case study

natyre. Studies of the development of career interests and aspirations, values

~ - .

ard specific interest in course-taking,and achievement in mathematics should be
fanZed. Ideally these studies should collect information on parental child-

“

r2aring practices or styles, expectations for the ©kild in mathematics and

-

caresrs, and degree of parental sex-typing of mathematics as masculine and.con-
¢

ca2rn for sex-appro;riate behavior of offsbring. Within such a study or as a

sszarate studys data should be collected to determine the onset of sex differ-

enéss in the perception of the usefulness of'mathematics and the relationship

cI tThis to other variables such as the child and parent view of mathematics as

a ta_e domain, the child's primar; seézfole identification, the child's‘apparent

rathemagical aptitude, and so forth. Although it would be a mammoth task to

stuly all these variables, a single research design could be developed and

screwhat different pieces of the puzzle parceled out to different investigators

Ior sargles ratched on relevant variables such as social class and working

.5 of rother. (It is difficult to know what variables should be controlled;

for szzaxgple, the number and sex of siblings may also be impo;tant.)

3uch a design would encompass many specific testable hypotheses while also

-io+17¢ for more complex analysis of the relativr importance of the various

-

m

fz2zzcrs. From this research we might learn how pctent are the effects of role-

88
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modeié in the home, the imporiance of parengal expectations versus child-rearing
practices, the home factors that lead to the development of sex-typed rather
than apdrogynous vie;s of self and the world, and so on.

In time we might be able to develop pradiction equations for career inter-

-
ests and achievement. Thus, we could know which girls have the greatest like-
lihdod of success in mgthematics without special intervention efforts and which
girlé need the most encouragement from sources outside the home.
: @

It would also seem desirable to approach the study of the development of
math-anxiety and low self-confidence in such a way. Some preliminary research
such as case studies’of identified cases is need€d’, however, before such an

\
ambitious dfojecf can be launghed. The relationship of spatial visualization
abilities to mathematics achievement and math-anxiety should also be attacked.

Some additional non-intervention studies d‘;ch would not need to be longi-
tudinal are also indicated. IA some cas®s re—analysis of existing data banks
might provide some answers. For example, we need to know more about the relation-
ship of social-class and ethnic or racial identity to career interests, th;’per-
ceptions of the usefulness of mathematics, course-—taking and achievement, and
so forth. We also need to understandzmore about school and school systems’
administrative practices that foster female course-taking agd achievement in
mathematics.'

Some additional studies of the effect of differential$course-taking upon sex
differences on achievement and aptitgde tests might also be done in ways as to
control for the effects of attitudes or even sex~typing of mathematics, a;d/or
androgynous rather than sex-typed views of self and the world. For example,

do female high school or college students who have an androgynzps view of self

and/or a neutral rather than masculine view of m. “hematics score as well as their

-

O




87

male cohorts on tests such as the SAT-M or GRE-Q when co;rse—taking is contfolled?
Another relateéiquestion would be, do females who have a strong feminine~iden-
tity and a view of mathematics as a male domain take fewer advanced courses 1
and score lower on achievement tests than would be plédicted for females of
similar aptitudelput different perceptions of self and mathematics? Basic re-
search on the whole issue of psychological gender identification is also needed.

Studies of the impact of peer pressure on course-taking and achievemené
woul&ialso be interesting. Consider these questions: Do girls who are very
talented in mathematics who have friends whd have strong social values and a
strong perception of the importance of being feminine avoid the full development
of their talents more than girls who have friends who have less sex-stereotyped
values and views? Are mathematically gifted girls who pursue the development
of their talents less sensiéivg to peer pressure; are they socially more like
laners than other girls? Do adolescent girls form peer groups on the basis of
their acceptance or rejection of the ste:eof;ped feminine role?

All of the above questions are interesting to researchers. They do not
exhaust the rich source of hypotheses to be studies for the advancement of the
science of individual differences. They are not all equ;lly valuable; however,
for the purposes of the deéign of interyention programs and the development of
educat%onél policy. Perhaps some of these questions could.be studied within
the framework of research that simultaneously study intérvent}on strategies.

In planning and implementing interventi;n and/or remediation programs, we.
are confronted with the q;estion of goals. There are at least four different
goals we might adopt or some combinations of them. First, we might aim at the

~reduction or elimination of sex differences on test performance. Second, we

might attempt to reduce sex differences in course-taking at the secondary and

post-secondary levels. Third, we might wish to increase women's interest and
Q
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participation in a variety of career areas that require mathematical competence.
Fourth, we might wish to reduce or eliminate sex~role stereotyping, particu-~
larly with respect to mathematics. This fourth goal also implies the reduction
of conflict between femininity and achievement in méthematics and thus the
increase in females' self-confidence in selves as learners of mathematics.

Of the four goals, the first three lend themselves most directly to attack
and evaluition. The first and second goéls overlap as do the second and third,
while the fourth goal overlaps the first three. Therefore, in the ensuing dis-
cussion of rese;rch on intervention we will gsshme that all four goals are
desirable.

Intervention efforts can be roughly classified in four types of strategies
although a particular program might use more than one strategy. The first stra-
tegy is to create programs directly for students that aim to alter their atti-
tudes and behaviors with respect toc mathematics and careers. The second is to
influence the attitudes and behaviors of signigicant others in the students'
lives at-home and school. The third is to manipglate instructional and gdmini-
strative educational practices. The fourth is to try to change the image of
mathematics as a male domain by manipulat;ng the langquage and messages of media,
textbooks, and tests and perhaps increasing the visability of positivé female

3

role-models.

The first type of strategy woula .nclude ca;eer awareness and education
programs and career counseling efforts. This Eould also include counseling pro-
grams for math-anxiety and accelerative programs for gifted students. The speci~
fics of the programs might be quite Qéried. The literature suggésts, however,
that exposure to female role-models should be incorporated in the design. The

exact nature of the program may be far less importaﬂt than the interaction of the

age of the subject and the duration and intensity >f the program with the nature



-

of the progf?m. For example, a short-term intensive Algebra program for gifted

9 .

seventh-gradé girls appeared to have an effect that lasted for about three yéérs
but may fade without furéher intervention. Some of the dependent measures that
might be assessed in evaluating the impact of career education, counseling and
other intervention programs are the perceptions of the ugefulness of mathematics,
the perception of mathematics as a male domain, course-taking, and expressed
career interests énd aspirations. .

It might be worthwhile to consider the development of a video-tape career
"education program with workbook and teacher guide that could be widely dissemi-
nated. Existing commercial products of this type should be evaluated.

-

Ideally, career education units shculd be integrated with the reéulaf curri-

culum so that the relationship of the skills required for a particular job could
be rglated to the skills bein; learned in classes. Careers in many business
areas can reqﬁire a2 wide range of mathematical skills from basic percent'and
decimals to calculus and qompuéers. Students in genefal mathemgtics courses as
well as calculus might éi;éitaneously ;tudy applications of mathematics to careers
in accounting, tax-law, marketing, and so forth.

Programs that are developed for and offered to different populations Shoﬁld.
not be compared yith one another. At least two leyels of the population should
be targeted. First, we should develop and evaluate programs for increasing women's
participation in careers in mathematics and science »* the professional level .

that are piloted on high ability students. Second, we shculd develop and evalu-

. . . . . . - N L .
ate programs for increasing women's participation in career areas that require

competence in mathematics but not the more advanced levels of abstract mathematics.
‘ - )

A simple caution seems indicated. Career education efforts should consider

different ability levels of students. All students cannot realistically aspire

to professional level jobs in science and mathematics. Programs for the stydent




who has high mathematical aptitude should be different from programs for the

student of average ability. Internship programs that place students in situa-
tions with college professors, graduate students, and research scientists, for
exarple, are most likely to impact students who have the aptitude and necessary
skills to benefit from such exposure. College professors, lawyers, and doctors
are not realistic role-models for all students. A program designed to expose
students to professional career possibilities in mathematics and science will
be far more effective it is directed toward the-top 10 percent of the female

-

poéulations with respect to mathematical aptitude than if it is aimgﬁ at those
who score below the average. Programs that ignore this factor are not likely to
be effective.

The same caution applies to career counseling efforts. In our zest to.in-
crease women's participation in mathemaé;qs and the scie;ces, we must not over-
look reai individual differences and limitations. A student who scores high on
a sczle of mathematical or computational interest in a vocational preference
inventory but has average scores on measures of mathem;tical and verbal aptitude
shouléd rnot be told to consider careers such as a professor of mathematics or an
eie:::i:al engineer. /)

in:tial research efforts aimed at improving career counseling for women
ﬁigh; ce aimed at stuéy{hg the{effects of non-sexist\coun;eling. Research on
the :5n;sexist use of existing vocational interest inventories and the develop-
rent of better instruments éor women should bé enéouraged.

Thé second intervention strategy would be to attempt to influence the atti-
tuées and behaviors of'significant others in the child's life. For educators,

in-ssrvice courses could be developed. They might take a variety of forms. It

ray 2 more difficult to have programs for parents unless they are integrated

: ' SRR
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A

attend meetings to explain a "new" program for students than to get parents to

. attepd general sessions on the negative effects of sex-role stereotyping or“on
non~-sexist child-rearing, etc.

The impact of programs,for educators or parents could be compared with that
of those for students by selecting teacheré;and~parents of samplq; of students
matched in relévant variables to those who receive more direct interaenéio;

Programs. One methodological problem wiil be that parents and tgachers of stu-~
¢

dents involved in a direct program may become affected by the program in indirect

ways. Ideally, we should compare the effects of programs for‘gtudents with ‘those

for students and their teachers and parents ;nd with thoseé for'teache;s or
. .
pérengs only. In the latter cases the dependent variables could.be the éamg
as for the direct intervention. studies with éome éaditions. We wo;ld qged.to
know thg pre~ and post-attitudes and behaviors(of the teachers and parents. This
5 H

latter type of research could become more complicated. We would need "to- learn

-~

whether or not the teacher program affected their attitudes and behaviors and

then if this in turn led to changes in course-taking, etc. of the girls.

From a cost-effectiveness viewpoint prd&rams for educators would beé the

easiest and least expensive fp undertake. Current research, alas, does not ‘sug-

~

gest that changing teacher, counselor, or school administrator attitudés ard be-

haviors would be a highly potent‘grogram in itself. A te experimentaf test of

N '
this hypothesis seems crueial in té}ms of long-range planning and program costs.
. 4

It is difficult to envision a research design to impact pégi att¥tudes that .+
 "would not be encompassed under the general provision of career education programs.
The peer group at times is ar -“usive concept. A pussible research issue is

.
»
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ting. Do students who have social .and-.aesthetic vafﬁés‘benefit more from mathe: < .

xmatics courses that emphasize the application of mathematdics

tical concepts in a different way from those whocare less verbal and more <

X -

.' g . -
the deternination of the "critical number" of girls required in an advanced or

\ -

*
acdcelerated mathematics class to ensure the success of the girls involved.

e . . \
The third strategy is to focus on research on changes in instructional

\
modes, curriculum, and administrative practices. We might compare the effects
1 ' ' .
of programs that require more mathematics courses at the high school or, college

- .

)

-

level witH those that maintain an optional policy. More systematic study of the

.

effects of accelerative and non-accelerative programs for the gifted with those
of programs that do not provide for the identification and facilitationMof the
ébadgmical%y able student seems warranted. A study of grouping.by vallies and

'S

interests along with appropriate curriculum modifications would also be interes-

t ~
- N A .

to, therarts. and - -

‘social ‘'service programs than they do from courses that do not emphasize the ap- .

. o‘ - ’ Ay A
plications of mathematics? Are self-paced mathematics classes less effective
for girls who have social interests and values than for girls who are ‘more theo-
', ' - ’ SRR
retical in orientation? oot \' : _
e -t N . . s "
Research efforts on the interaction of verbal and spatial abilities_of stu-

.2 .

-

) - -, —
dents with instructional strategies and curricula are also needed. Perhaps
. * 4

’ * . \ - . - °
students who have poor spatial abilities and high verbal abilities learn mathc.na-

L] - v

s

. /

.
/ -

For the fourth strategy we must consider the ways in which sBcieEy communi-

spatial in orientation.

cates sex-role stereotypes in relationship to mathematics, It is ssible that
girls would be more interested in learning mathematics if textb;3k6~wereadess

sexist. Performance on tests might be improved if the wordiné and context of

-

-

o . N
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tests were less sexist. Experimental research on the effects ofs textbooks
and test items would seem desirable. It is difficult to envision an experi-

ment or quasi-experiment that could assess-the influence of sexism in general

media.

-
-

Ir order to research the £4J strategies at minimum cost, it might be

~

possible to capitalize upon naturally occurring experiments so that the cost

- of tife research would not have to include the cost of treatment, For example,
- o .
schbols or school systems that have existing career awareness programs “or

mathematlcs programs for the gifted could be compared with schools-or systems
that do not offer such programs on measures of oourse—taking and achievement.
¢ The control schoois or systems could‘;e matched with the "treatmewt" schools
on relevant variables such as size, available course-taking, and so«:v-economic
levels of students.\ Base-rate figures for the t;eatment school system prior to
the implementation of their special programs,-if available, could also be com-
> X

pared with current rates of course~taking and -achievement amonggfemales.

L

Research efforts that include the actual development and conduct of treat-

-

~
ments should- probaHly focus on strong rather than weak treatments. Short-term

< 1ntéz ~ntlons such’ as a one~day career educatzon program with exposure to female

E

role- ,dels that-aim a:t hundreds of girls are probably far less effective than
more intensive efforts that work yith smaller groups of students over longer
periods of.time. This hypothesis can.be§feadily°tested. A somewhat more compli-
cated question is whether or not small but stable changes in teacher behaviors
and s<hool pOllCleS and practices will eventqally impact a larger number of

- e ' 3
students over time than intensive programs gir a specific sample of girls that
is too éomplicated or experisive to eveér become integrated into the be-ic school
curriculum. Some tenmnical questions need to be answered. For example, are

«

live fole-models significantly more effective than video-taped programs or

KC SR 9¢
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written materials that include many female role-models? For the short-run it

§ would be easier to use live modeis than to create films and video-tapes. Thé
films or tapes, however, could be used year after year. It is probably more
difficult to continually recruit live_ppdels on a yearly basis. It may be
less coétly‘to conduct an in-~service course fé?:ggache¥s than to buy new text-

) books'and tests. One in-service experience for a teacher may not have, however,

as lasting an effect as the continued use of non-sexist.curricula materials .

> and tests.
', Thus, initial efforts to fund research should be expansive and not assume

too cuickly that one approach in more promising. Existing research simply

° does not allow us to make these decisions. It is too soon to say which type:
of intervention strategy will have the greatest impact. Although it will not be
possible to fund every conceivable variation and combination of intervention
somz balance among the types of strategies, the characteristics of the target

ocrulations, the costs, scoj<s, and durations of the projects. . B

-
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