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Competence in mathematics has long been identified as a critical skill directly
refated to educational and occupational choices. Yet compared with men, fewer
women elect to take advanced level mathematics courses and to enter mathe-
matically oriented careers. This review first summarizes the common explanatioas
of this problem and then integrates this research into a theoretical model first
proposed by Parsons and her colleagues for studying students’ academic choices
- and decisions. Drawing on concepts used in decision-making, in achievement,
and in atiribution research, this psvchological model links academic choice to
expectations of success and the subjective value of a particular course. In addition,
the model specifies the relations among a set of other variables that are believed
te mediate individual differences in both students’ expectations of success and
their perceptions of the relative value of various academic options. The utility
of this model for increasing our understanding of course enrollment patterns and
career decisions and for designing appropriate intervention strategies is discussed.

A growing concern has been expressed by
policymakers over the small numbers of
women pursuing careers in the scientific,
mathematical, and technical ficlds. Despite
efforts at amelioration through affirmative
action and scholarship programs, employ-
ment statistics indicate that men and wemen
are still entering these fields in dispropor-

tionate numbers (Bureau of Labor Statistics,

1980).
Although many factors contribute to this
problem, one is of particular interest 1o ed-

ucators and researchers: sex differences in

the mathematical training of students. A
sirong mathematical background is impor-
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tant for admission to many college majors,
for most professional occupations, and in-
creasingly for many computerized technical
occupations as well. Yet compared with male
students, female students are less likely to
enroll in more advanced high school and col-
lege mathematics courses (Brush, 1980; Er-
nest, 1976; Sells, 1980; Sherman & Fen-
nema, 1977; Chipman & Thomas, Note I;
Armstrong & Kahl, Note 2; Sells, Note 3).
Although enrollment patterns do not emerge
consistently until the 12th grade and are not
especially marked among undergraduate
mathematics majors, strong sex differences
in the proportion of men to wornen are ¢v-
ident among applied mathematics majors
(e.g., engineering, computer science, physi-
cal sciences, business and finance) and in
most postgraduate mathematics programs

{Chipman & Thomas, Note 1).

The decision to limit one’s mathematical
training has serious consequences, involving
both the loeng-range effects of restricting ca-
reer options and the more immediate effects
of educational inequity. Although women
may receive less encouragement to continue
their mathematical studies, it is not the case
that they are being systematically excluded
through discriminatory course availability.
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On the contrary, all too often women choose:

not to enroll in more advanced mathematics
courses or to pursue math-related college
majors. Therefore, the social and psycholog-
ical factors influencing the academic choices
of these students appear to play a crucial
role in this problem.

Many researchers have studied the math
enrollment patterns of men and women.
Their research, however, has been limited
by a number of methodological and concep-
tual shortcomings. Of major importance is
the lack of an integrative theoretical frame-
work to guide the selection of a comprehen-
sive set of variables for study. In response
to this shortcoming, this review first sum-
marizes past research on achievement and
course selection in mathematics and then
integrates this research inte a theoretical
model that has been proposed by Parsons
and her colleagues for studying students’
academic choices (Parsons, Adler et al., in
press). Drawing on the theoretical and em-
pirical work of decision-making, achieve-
ment, and attribution theorists, the model
links academic choices to expectations of
success and to the subjective value of the
task. It also specifies the relation of these
constructs to a number of other personal and
social factors. This model, originally pro-
posed as a general model of achievement
choices, is particularly useful in analyzing
sex differences in students’ course selection
in mathematics and in guiding fulure re-
search efforts in this domain.

Proposed Sources of Sex Differences in
Math Achievement and Course Enrollment

Biological Factors

Sex differences in mathematics learning
and course selection are sometimes attrib-
uted to innate differences in ability or ap-
titude. Proponents of this position argue that
the different achievement and participation
of men and women in mathematics result
from the superior mathematical talents of
men {see Benbow & Stanley, 1980; Back
& Kolakowski, 1973; Stafford, Note 4). Fol-
lowed to its logical extreme, this position im-
plies that no problem exists: Men and women
simply choose activities that reflect their in-
herent abilities.
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The conclusion that biclogical factors are
a major determinant of sex differences in
course enrollment rests on three assump-
tions: (a) There are consistent sex differ-
ences on measures of math ability; (b) these
differences reflect a biological difference
hetween the sexes; and (¢) the sex difference
in students’ decisions to enroll in math
courses or to enter professions requiring
math skills is a consequence of these sex
differences in. math aptitude. Each of these
assumptions is discussed and evaluated
below. .

Sex differences on tests of quantitative
skill. Sex differences on tests of quantita-
tive skills do not appear with any consistency
prior to the 10th grade. High school boys
generally perform somewhat better than
high school girls on tests of mathematical
reasoning {primarily word problems). Youn-
ger boys and giris perform equally well on
tests of algebra and basic mathematical
knowledge. Also, girls occasionally outper-
form boys on tests of computational skills.
Support for these conclusions can be drawn
from several recent studies, many of which
are based on large national samples (Bur-
nett, Lane, & Dratt, 1979; Fennema, in
press; Fenpema & Sherman, 1977, 197§;
Schratz, 1978; Sherman, 1980, in press;
Starr, 1979; Armstrong, Note 5, Connor
& Serbin, Note 6; College Entrance Ex-
amination Board, Note 7; Steel & Wise,
Note 8). (See Fox, Brody, & Tobin, 1980;
Maccoby & Jackhin, 1974; and Witlig &
Petersen, 1979, for reviews of studies prior
to 1975.)

In most studies, the sex difference on tests
of mathematics achieverment persists, al-
though to a lesser degree, even when one
corrects for the number of mathematics
courses taken (Sherman, 1980; Starr, 1979;
Armstrong, Note 5; Steel & Wise, Note §).
It is important {o note, however, that in all
of these studies, the achievement differences
favoring male students are neither very large
nor universally found even among seniors in
high school. For example, Fennema and
Sherman (1977) found the expected sex dif-
ference in mathematical achievement in only
two of four high schools they studied. Schratz
{1978) found that the direction of the sex
differences is dependent on ethaic group. In
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addition, sex differences are not evident
when student grades are the criteria of
achievement {College Entrance Examina-
tion Board, Note 7).

An important exception to the develop-
mental emergence of sex differences on tests
of guantitative skills was recently reported
by Benbow and Stanley (1980} and by Fox
and Cohn {1980). In several large samples
of highly gifted seventh- and eighth-grade
students, boys scored consistently higher
than girls on the Scholastic Aptitude Test
for Mathematics {SAT-M). The differences
were especially marked at the extreme upper
end of the distribution. These data suggest
that sex differences in mathematics achieve-
ment may emerge carlier in gifted samples
of students than in more general populations.

Sex differences in spatial skills.  Al-

though the pattern of sex differences in
mathematical skills 15 not entirely consistent,
several researchers have argued that the pat-
tern seems consistent enough to suggest that
biclogical factors such as genetic differences,
" differences in brain organization, or hor-
monal differences may be involved {sece
McGlone, 1980; Wittig & Petersen, 1979).
The possibility that sex differences in innate
spatial visualization abilities mediate math-
“emaiical achievement differences has be-
come a popular hypothesis.

As was the case with tests of mathematics
achievement, a fairly consistent sex differ-
ence on tests of spatial skills does not emerge
prior to the 10th grade (Burnett et al,, 1875;
Connor, Schackman, & Serbin, 1978; Fen-
nema & Sherman, 1977, 1878; Sherman, in
press: Steel & Wise, Note 8). Recent studies,
however, suggest that the magnitude of the
sex effect varies depending on maturational
timing {Waber, 1979; Herbst & Petersen,
Mete 9), body type (degree of masculinity;
Petersen, 1979), personality characteristics
associated with masculinity and femininity
(MNash, 1979), previous experience with spa-
tial activities (Burnett & Lane, 1980; Con-
nor et al, 1978, Connor, Serbin, & Schack-
man, 1977; Sherman, Note 10), ethnic
background, parental stvles, sociceconomic
status {Fennema & Sherman, 1977; Nash,
1979, Schratz, 1978, Gitelson, Note 11), and
the particular test given (Connor & Serbin,
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Mote 6). In fact, in a recent national survey
study of 3,240 junior and senior high school
students, 13-year-old girls did better on a
test of spatial skill than did 13-year-old boys;
12th-grade boys and girls did equally well
{Armstrong, Note 5). Thus, as Connor and
Serbin {MNote 6) conciuded, “Junior and ge-
nior high school males . . . perform better
than females on some visual-spatial meg-
sures, some of the time” (p. 36).

The relation between spatial skills and
mathemarical achievement. Several studies
have demonstrated a strong positive corre-
lation (rs ranging from .50 to .60) between
spatial skilis and a variety of mathematical
achievement test scores (Burnett et al., 1979;
Fennema & Sherman, 1977, 1978: Sher-
man, 1980; Armstrong, Note 3; Connor &
Serbin, Note 6; Steel & Wise, Note 8). Ver-
bal abilities, however, also correlate quite
highty with mathematical performance
{Fennema & Sherman, 1977, 1978; Sher-
man, 1980; Armstrong, Note 5; Connor &
Serbin, Note 6). In the most comprehensive
study available, Connor and Serbin {NMNote
63 found a very inconsistent pattern of re-
lations between spatial skills, verbal skills,
and mathematical achievement. Although
some measures of both verbal and spatial
skills emerged as significant predictors of
general mathematical achievement, not all
of the measures of spatial skilis correiated
significantly with all of the measures of
mathematical achievement, and the corre-
lations varied across grade level and sex.
Further, when Connor and Serbin factor
analyzed their measures, the tests of spatial
skills formed one factor and were indepen-
dent of the factor containing the measures
of mathematical achievement. Thus, it ap-
pears that the relation between spatial skills
and mathematical achievement is not yet
fully understood. :

Several investigators have also examined
whether the relation between spatial skills
and mathematical achiévemeni varies ac-
cording to sex. No consistent findings have
emerged. Sherman (1980) found the refation
to be stronger among girls than among boys,
whereas other researchers found the relation
to be the reverse (e.g., Hyde, Geiringer, &
Yen, 1975; Conner & Serbin, Note 6; Steel :
& Wise, Note 8). In contrast, Fennema and
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Sherman (1977, 1978) and Burnett et al,
(1979) found no sex difference in the strength
of the relation. In addition, when comparing
the relative importance of spatial skills with
other possible predictors of mathematical
achievement, Steel and Wise (Note 8) found
that attitudinal factors were stronger pre-
dictors for girls, whereas Connor and Serbin
(Note 6) found verbal abilities to be the
strongest predictors.

Finally, one other approach has been used
to address the central question of whether
or not the sex difference in spatial ability
mediates the sex difference in mathematical
achievement. The effects of statistically par-
tialing out spatial skills differences from
mathematical achievement scores were eval-
uated. By and large, sex differences in math-
ematical achievement scores are signifi-
cantly reduced or eliminated when spatial
skills are partialed out {(Burnett et al., 1979;
Fennema & Sherman, 1977; Hyde et al.,
1975). As Burnett et al. (1979) pointed out,
however, one cannot conclude from these
findings that the sex differences in spatial

skill cause the ohserved differences in math-'

ematics achievement. One can conclude only
that the data are consistent with that hy-
pothesis. The findings reperted earlier on the
relations of verbal skills to girls’ mathemat-
ics achievement scores makes this caveat
even more critical. In addition, Fennema and
Sherman {1977) found that one can also
eliminate sex differences in mathematics
achievement by partialing out either the
number of courses taken or a set of aititudes
toward math, variables that are also dis-
tinctly differentiated by sex.

Summary. In this section the assump-
tions underlying the argument that sex dif-
ferences in math achievement and course
enrollment are due to bislogical factors were
discussed. Fairly consistent evidence was
found for sex differences in tests of both
mathematical and spatial skills among 11th
and 12th graders. These differences appear
to persist into adulthood in those limited
populations studied.

The relative contribution of biological fac-
tors to the development of spatial skilis is
not, however, fully resolved (Vandenberg
& E&uoe 1979). Some studies show that spa-
tial skills can be trained (Burnett & Lane,
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1980; Connor et al., 1977, 1978; Goldstein
& Chance, 1965). In addition, the relation
of spatial skills to mathematics learning is
not fully understood. Further, whether or not
the sex differences in -either mathematical
aptitudes or spatial skills contribute to the
sex differences in course enrollment patterns
seems to be an open guestion.

In the few studies that have attempted to
predict math course enroliment among high
school students, spatial visualization some-
times emerges as a significant predictor.
Nevertheless, spatial skills are not always a
significant predictor for either girls or boys.
Enrollment is also predicted by scores on
vocabularly tests (Sherman, in press), by
past math achievements (Fennema, in press;
Parsons, Adler et al,, in press; Sherman &
Fennema, 1977; Armstrong, Note 5; Steel
& Wise, Note 8; Dunteman, Wisenbaker,
& Taylor, Note 12}, by interest in mathe-
matics and career plans (e.g., Fennema, in
press: Parsons, Adler et al., in press; Steel
& Wise, Note 8), and by a variety of atti-
tudinal and social factors. Thus, the mag-
nitude of the contribution of biological fac-
tors, the inevitahiiity of their effects, and the
exact nature of these effects are stiil to be
determined,

Socialization Factors

Several researchers propose that sex dif-
ferences in math achievement and course
selection can be explained by the different
soctalization experiences of boys and girls.
The attitedes of teachers, parents, and coun-
selors often reflect cultural stereotypes re-
garding not only the alleged natural supe-
riority of boys’ mathematical abilities but
also the different utility of mathematical
skills for boys and for girls (e.g., Fennema,
1974; Fox, Tobin, & Brody, 1979; Jacklin,
1979, Nash, 197%). By embracing these
views, socializers could undermine girls’ con-
fidence, their motivation to perform weil,
and their actual learning in mathematics.
Socializers are believed to contribute to the
observed sex differences in three important
ways: {a} Male and female socializers differ
in their attitudes and behavior toward math
and thus create differences through their
power as role madels; (b} socializers have
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different expectations ard goals for boys and
girls, which are conveyed through a variety
of direct and indire¢t mieans; and {c) so-

cializers provide or encourage different ac-

tivities for their male and female children
that train different skills and interests.

Modeling effects. Social learning re-
search has established the importance of
adult behavior as a standard or model for
children’s behavior, particularly for sex role
appropriate behavior. Adult models, espe-
cially parents, exhibit behavior that children
imitate and later adopt as part of their own
behavioral repertoire (Bandura & Walters,
1963, Maccoby & Jacklin, 1974; Parsons,
Adler, & Kaczala, in press).

According 1o this point of view, male and
female socializers can variously influence
boys” and girls’ behavior by simply engaging
in different activities. Ernest (1976) re-
ported that after sixth grade, fathers are
more likely than mothers to help their chil-
dren with their math homework. Fox (Note
13) reported a tendency for more advanced
mathematics courses 1o be taught by men.
This underrepresentation of appropriate fe-
male role models could discourage some girls
from engaging in activities involving math-
ematics during the high school years. The
success of several recent programs in in-
creasing math participation among women
through exposure to female models supports
this line of reasoning {e.g., Brody & Fox,
1980; Tobin & Fox, 1980).

In addition, if male and female socializers
hold different beliefs about their respective
math abilities and competence, then boys
and girls may develop different beliefs about
their own abilities. Although relevant re-
search is sparse, Aiken (1970) cited data in-
dicating that female student teachers have
lower estimates of their math ability and
operly admit they are less comfortable
teaching math than are their male peers.
Similarly, Parsons, Adler, and Kaczala (in
press) found that college-educated mothers
are less interested in math and hold a more
negative view of their math abilities than do
college-educated fathers. If young girls model
their behavior after these important adults,
then this difference in self-concepts, coupled
with the paucity of female role models with
mathematical orientations, could lead girls
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to view themselves as less competent thap
boys in math. Tests of this hypothesis, how-
ever, are virtually nonexistent. In the one
study that did assess the relevant relations
within families, Parsons, Adler, and Kaczala
(in press) found no significant association
between parents’ and children’s self-con-
cepts of mathematical abilities. Further, the
relative amount of math done by mothers
and fathers also appeared to have little re-
lation to either children’s math attitudes or
their course enrollment plans. Parental ex-
pectations for their children’s performance
in math, however, were found to be impor-
tant.

Socializers’ expectations and related be-
havior.  Although considerable criticism
and controversy followed early studies of
expectation effects (e.g., Rosenthal & Ja-
cobson, 1968), subsequent studies have pre-
sented convincing evidence that teacher ex-
pectations are related to both teacher and
student behavior in the classroom {see Bro-
phy & Good, 1974; Cooper, 1979). These
effects, however, are generally quite small
and are more likely to solidify differences
already in existence than to create the dif-
ferences in the first place (Cooper, 1979).
Throughout the achievement literature, pa-
renial expectations have also been linked to
both high need-achievement motivation and
behavior (e.g., Crandall, 1969; Rosen &
D’Andrade, 1939; Winterbotiom, 1958).

If the expectations of others mediate be-
havior, as these studies suggest, then the
degree to which important socializers hold
sex-differentiated achievement expectations
is a critical factor to consider. Several studies
suggest that parents and teachers have higher
educational expectations for boys than for
girls (Good, Sikes, & Brophy, 1973; Hilton
& Berglund, 1974; Sears, Maccoby, &
Levin, 1957), though these biases do not
emerge with any consistency until the ado-
lescent years. In fact, during the elementary
school years, parents and teachers are more
likely to expect girls to do better than boys
(see Maccoby & Jacklin, 1974). Not untif
high school do teachers express expectations
of higher academic performance for boys
than for girls (Good et al.,, 1973; Cooper,
Note 14}

Few studies have directly measured the
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specific expectations that socializers hold for
math achievement. Surveying a small sam-
ple of elementary and high school teachers,
Ernest (1976) reported that 41% thought
that boys do better than girls in mathemat-
ics; none believed that girls do better than
boys. Parsons, Adler, and Kaczala (in press)
reported that, in comparison with parents of
sons, parents of daughters thought math was
more difficult for their daughters and that
they were having to work hard to do well
in it,

Other results reported in these studies do
not yield a consistent pattern of sex differ-
ences. For example, parents in the Parsons,
Adler, and Kaczala (in press) study did not
have lower expectations for their daughters’
mathematical performance nor did they rate
their daughters’ mathematical ability as any
lower than that of their sons. Similarly, Par-
sons, Kaczala, and Meece (in press) found
that math teachers in the fifth through ninth
grades had equally high or higher expecta-
tions for their female students than for their
male students. Furthermore, in the Ernest
(1976) study, 59% of the teachers did not
expect boys to do better in math. Thus, it
appears that sex differences in the expec-
tations of significant others are not univer-
sally found but favor boys when they are
present.

It is unclear exactly how these different
expectations for boys and for girls are con-
veyed. There is undoubtedly a variety of di-
rect and indirect means by which children
learn what others expect of them. Patterns
of reinforcement, direct instruction, and
evaluative feedback for children’s math per-
formances are three means that have re-
ceived recent attention.

Research on parenis suggests that they
may convey different expectations by offer-
ing more explicit rewards and reinforce-
ments for learning math to their sons than
to their daughters (Astin, 1974). Other stud-
ies show that girls are less likely than boys
to be encouraged by parents and counselors
to pursue math-related careers and to enroll
in advanced level math courses (Haven,
1971; Parsons, Adler, & Kaczala, in press;
Casserly, Note 15; Luchins, Note 16). For
example, Haven (1971) reported that 42%
of the girls who were interested in math-re-
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lated careers indicated that they had re-
ceived no encouragement from their coun-
selors to take advanced mathematics courses.
Furthermore, counselors admitted discour-
aging girls from taking these courses, citing
reasons that reflected their stereotyped views
of appropriate adult roles and math abilities.
They believed, for example, that a low grade
in math would hurt a girl’s otherwise excel-
lent school record or that careers in the sci-
ences were too demanding for women. Sim-
ilarly, Parsons, Adler, and Kaczala (in press)
report that parents, especially fathers, were
more likely to stress to their daughters the
importance of taking social science and hu-
manities courses and to stress to their sons
the importance of advanced mathematics
courses.

In addition, on the basis of extensive ob-
servations in classrooms, several investiga-
tors conclude that the quantity and type of
teacher instruction varies according to the
sex of the student and subject matter being
taught. In general, teachers tend to interact
more with boys than with girls, especially in
mathematics and science ciasses (Becker,
1981; Brophy & Good, 1974; Leinhardt,
Seewald, & Engel, 1979; Stallings, Note 17;
Bean, Note 18). Student-teacher interaction
patterns may also vary depending on both
ability and sex: High-potential boys often
receive more praise for their achievements
and more total interactions than do high-
potential girls (Fennema, in press; Parsons,
Kaczala et al,, in press). Quantity of formal
teaching has also been found to vary as a
function of a child’s sex (Becker, 1981; Lein-
hardt et al., 1979; Bean, Note 18), with boys
getting more formal math instruction. For
example, Leinhardt et al. (1979) found dif-
ferent treatment as early as second grade,
when basic skills are taught. On the basis
of multiple observations of math instruction
periods, these researchers predict that over
the course of an academic year, boys could
receive as much as six more hours of instruc-
tion than would girls. The cumulative effect
of this difference in formal education over
the entire course of elementary school may
be significant.

There is also some evidence to suggest that
boys and girls receive different evaluative
feedback for their school work. For exampie,
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Diweck, Davidson, Nelson, and Tnna (1978)4

reported that teachers use more indiscrimi-
nate criticism with boys, addressing two
thirds- of the total negative evaluation for
boys to intelisctually irrelevant aspects of
their academic performance. Thus, boys
were more likely to be criticized for conduct
or neatness rather than for the academic
content of their work. In contrast, more than
two thirds of the negative evaluation of girls
was directed at the academic quality of their
work; girls were criticized for correctness
rather than for neatness or format. In ad-
dition, Dweck et al. found that teachers ex-
plicitly attributed academic failure to a Jack
of motivation or effort six times more often
for boys than for girls. These researchers
conciude that this different pattern of teacher
feedback could help explain the sex differ-
ence in achievement expectations, They ar-
gue that because teachers use negative eval-
vation more indiscriminately with boys than
with girls, it will lose its meaning for boys
and consequently have less (if any) adverse
effect on their achievement expeciations and
performance than it would have on those for
girls,

Recent studies have not supported Dweck’s
findings (e.g., Fennema, in press; Heller &
Parsons, 1981; Parsons, Kaczala et al, in
press; Blumenfeld, Bossert, Hamilton, Wes-
sels, & Meece, Note 19; Swarthout, Note
20). These studies suggest that teachers give
very little criticism, that teacher criticism is
directed almost universally to classroom con-
duct, and that the pattern of evaluative feed-
back is similar for boys and for girls, al-
though boys receive more overall criticism.

The piciure 18 further complicated when
one consicders the few studies that have ac-
tually attempted to relate ieacher-siudent
interaction patterns in math classes to stu-
dent attitudes. Heller and Parsons {1981)
and FParsons, Kaczala et al. (in press) tested
the relation between student-teacher inter-
action patterns and {a) students’ attitudes
toward thetr own mathematical abilities and
the difficulty of math courses and (b} stu-
dents’ plans 1o continue taking math. Al-
though both studies found a significant re-
lation betweern a teacher’s reported expec-
tations for a student and the student’s own
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seif-concept of his or her math ability (eveq
after the effects of the student’s past grades
in mathematics had been partialed out), nej.
ther study found many significant relations
between observed teacher behavior and the
student’s attitudes. Parsons, Kaczala et a]
did find that when teacher praise covaried
with teacher expectation, the quantity of
teacher praise was weakly but Signiﬁeantly
related to students’ self-concepts of their
math ability. This was true, however, only
for boys and only in some classtooms. Thus,
additional research is clearly needed to de-
termine how classroom experiences might
undermine girls’ math achievement expec-
tations and performandes.

Different experiences. In addition to the
more direct socialization effects discussed
thus far, parents and teachers can influence
children’s achievement behavior and values
by the types of general experiences they pro-
vide or encourage. A difference in toys and
recreational activities has been linked to the
spatial skill differences between boys and

" girls discussed earlier. Connor et al. (1978)

argued that the spatial skill deficit shown by
girls is a consequence of their lack of ex-
perience with activities requiring spatial
problem solving (e.g., large block play, me-
chanical toy manipulation, and team sports).
To support their hypothesis, these research-
ers designed an intervention procedure for
the preschool years that improved girls’ spa-
tial skills. On the basis of the results of their
intervention study, Connor et al. contend ~
that socializers, especially parents, do not
provide girls with the experiences necessary
for spatial skill acquisition. Studies docu-
menting that parents purchase more math-
ematical and spatial games for boys than for
girls further support this argument {Astin,
1974; Hilton & Bergiund, 1974).

Several researchers have argued that early
independence training may foster sex-differ-
entiated achievement patterns (Astin, 1967,
Ferguson & Maccoby, 1966; Hoffman, 1972;
Stein & Bailey, 1973). Specifically, these
researchers emphasize that moderate nur-
turance, permissiveness, and encouragement
of independence are important child-rearing
practices for facilitating achievement in
girls. With regard to math achievement in
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particular, a study of mother-daughter in-
teractions in a problem-solving situation
showed that mothers of girls with high math
ability allowed their daughters to solve the
tasks by themselves. In contrast, mothers of
girls: with low math ability were more
overbearing and intrusive, giving help,
suggestions, and criticism (Bing, 1963).
Similarly, Ferguson and Maccoby (1966)
reported that both boys and girls with low
math ability were dependent on their par-
ents. Although further research is needed to
substantiate thesc findings, these studies
suggest that parents and teachers may have
a subtle influence on children’s math
achievement behavior by providing or en-
couraging sex-differentiated activities.

Summary. The studies reviewed in this
section strongly support the hypothesis that
socializers treat boys and girls differently in
a variety of ways that might be linked to
mathematics and course sefecton. Only a few
studies have directly assessed the causal im-
pact of these socialization experiences on
students’ math achievement and course se-
lection. In these studies, encouragement
from parents (as measured from parent re-
ports or from students’ ratings of parental
encouragement) has emerged as an impor-
tant causal factor in girls’ decisions to elect
advanced mathematics courses in high school
(e.g., Haven, 1971; Parsons, Adler, & Kac-
zala, in press; Sherman & Fennema, 1977;
Armstrong, Note 5; Luchins, Note 16). Sim-
ilarly, our previous research has demon-
strated a strong relation between parental
perceptions and expectations and their chil-
dren’s plans to continue taking math courses.
In these studies, sex differences on the pre-
dictor variables favored boys and seemed to
have a negative influence on the academic
and career choices of girls (see Parsons,
Adler et al, in press; Parsons, Adler, &
Kaczala, in press).

It is important to note, though, that the
direction of causality in these studies is dif-
ficult to ascertain. Are socializers’ expecta-
tions and attitudes a reflection of actual stu-
dent achievement differences, or do they
cause them? Using a series of cross-lagged
panel correlational analyses, Crano and
Mellon (1978} found that the prevailing
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causal direction for teachers was from ex-
pectations to academic performance. Other
studies present evidence that is just as sup-
portive of the notion that student achieve-
ment causes expectations (cf. West & An-
derson, 1976). It is likely then that both
conclusions are correct. Future studies should
examine more carefully the reciprocal rela-
tions between socializers’ expectations and
students’ achievement and course selection.

Attirudinal Factors

Students’ attitudes toward mathematics
are another proposed source of sex differ-
ences in mathematics achievement and course
selection. The major thrust of research in
this area has been directed toward uncov-
ering sex differences in students’ perceptions
of themselves as math learners and in the
sex typing of mathematics and its usefulness.
Very little research, however, has examined
the causal influence of these differences on
the behavior of interest.

Self-concepts of math ability. Students’
perceptions of their own mathematical abil-
ity have been measured in a variety of ways.
The findings are quite consistent. Few sex

- differences in their perceptions of their math

ability are found among elementary school
children; large and more consistent differ-
ences are found among adolescents. Ernest
(1976) reported that during the elementary
school years, members of each sex believe
that children of their own sex do better in
mathematics. There is, however, a great deal
of evidence to suggest that by junior high
school, boys perceive themselves as more
able in math than do girls {e.g., Brush, 1980;
Fennema, in press; Fennema & Sherman,
1977, Parsons, Adler, et al., in press; Rob-
taille, 1977, Sherman, 1980, Armstrong
& Kahl, Note 2; Fox, Brody, & Tobin, Note
21; Heller, Futterman, Kaczala, Karaben-
ick, & Parsons, Note 22; Kaczala, Parsons,
Futterman, & Meece, Note 23; Kaminski,
Erickson, Ross, & Bradfield, MNote 24).
These diflerences appear despite the fact
that during the elementary and junior high
school years girls typically do as well as boys
in their math classes and on standardized
math achievement tests (Fennema, 1974;
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Sherman, 1980; Armstrong, Note 5; Wise,
Steel, & MacDonald, Note 25). The prime
exception to this developmental trend is the
performance of gifted boys and girls dis-
cussed earlier (Benbow & Stanley, 1980).
The pattern emerging from research on
self-concepts and related variables suggests

that as students go through junior and senior

high school, ratings of their general math
ability decline; girls’ ability declines earlier
and to a greater extent than that of boys,
Although this sex difference may not be re-
flected in students’ expectations for perfor-
mance in their current math courses, it is
evident in their more general ratings of con-
fidence and math abilities and in their ex-

pectations for future courses (Heller & Par- -

sons, 1981; Parsons, Adler ¢t al., in press;
Heller et al., Note 22).

Only a few studies have tested the link
between self-concepts of math ability and
course selection, These studies show that stu-
dents are more likely to enroll in optional
math courses when they perceive themselves
as having high math ability or feel confident
of their math performance {Parsons, Adler
et al., in press; Sherman, 1980; Sherman
& Fennema, 1977; Armstrong Note 5; Ka-
minski et al.,, Note 24). More studies are
needed to clanify the causal significance of
these self-perceptions relative to the effects
of past performances or socialization factors.

Sex role artitudes and math achievement
values. Consistent with traditional sex role
values and beliefs, numerous studies have
shown that high school students view math-
ematics as a male achievement domain (Er-
nest, 1976; Fennema & Sherman, 1976,
1977; Parsons, Adler et al., in press; Stein
& Smithells, 1969; Armstrong & Kahl,
Note 2). Boys sex type math as masculine
to a greater extent than do girls (e.g., Brush,
1980; Fennema & Sherman, 1977; Parsons,
Adler et al., in press; Sherman, 1980; Sher-
man & Fennema, 1977). These studies, how-
ever, show that math s neither always sex
typed as masculine, nor is it even one of the
most likely subject areas to be sex typed;
mechanical art courses and athletics are
both more likely to be classified as masculine
(Stein & Smithells, 1969).

Ratings of the usefuiness of math also re-
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flect sex stereotypes. Several studies indicate =
that boys, as early as seventh and eighth, .
grades, tend to rate math as more useful than
do girls (Brush, 1980; Fennema & Sherman,

. 1977, Haven, 1971; Hilton & Berglund,

1974, Parsons, Adler et al., in press; Fox et
al., Note 21; Wise et al., Note 25), These
results are not entirely consistent across age
groups and schools. Fennema and Sherman
(1977) found the sex difference in only two
schools, and Sherman (1980) found that
girls’ perceptions of the usefulness of math
declined over the high school vears, whereas
boys’ perceptions did not.

This issue is further complicated when one
looks at studies that have attempted to assess
the relations between sex typing, perceived
usefulness, performance, and course plans.
Results differ across studies and across the
sexes within studies. These variations do not
follow a consistent pattern. For example, on
the one hand, Fennema and Sherman (1977)
found only a modest relation between sex
typing math as a male domain and mathe-
matics achievement in grades 9-11, and this
relation existed only for girls. On the other
hand, Sherman (1980) found that a low level
of stereotyping of math as a male domain
at grade 8 was one of the major attitudinal
predictors of girls’ math achievement at
grade 11. Furthermore, Parsons, Adler et al.
(in press) found that junior high school girls’
plans to continue taking math were predicted
by relatively high levels of stereotyping of
math as a male domain. Thus, the relation
between the sex typing of mathematics and
students’ achievements and course plans in
mathematics is neither clearly understood
nor likely to be simple. Nash (1979) recently
suggested that one must consider the sex role
of the individual as well as the sex typing
of the subject matter in making predictions.
This hypothesis is discussed in more detail
later in the article.

The findings associated with the perceived
usefulness of math are more consistent. Per-
ceptions of the value of math or math-related
careers emerge as significant predictors of
both achievement and course plans in most
studies (e.g., Brush, 1980; Fennema, in
press; Fennema & Sherman, 1977, Fox et
al.. 1980; Fox & Denham, 1974; Parsons,
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Adler et al., in press; Sherman & Fennema,
1977; Armstrong, Note 5; Fox et al,, Note
21: Wise et al., Note 25; Parsons, Note 26).
The strength of its effect, however, is still
untclear, - Whereas Brush (1980) reported
that the perceived usefulness of math was
not a strong predictor of math course par-
ticipation relative to other factors such as
ability level, sociceconomic status, and gen-
eral feelings toward math, several other in-
vestigators reported that it was an important
predictor, accounting for a substantial pro-
portion of the variance in course enrollment
patterns (see Fennema, in press; Parsons,
Adler et al., in press; Steel & Wise, Note
8: Parsons, Note 26).

Affective Factors

In recent years math anxiety has emerged
as still another explanaton for sex differ-
ences in students’ mathematics learning and
course selection. Citing anecdotal evidence
that more women than men openly admit
feeling anxious about mathematics and en-
roll in math anxiety clinics, some researchers
argue that women and men differ in their
emotional reactions to mathematics and that
these differences could influence studenty’
participation in math (Lazarus, 1974; To-
hias, 1978; Tobias & Weissbrod, 1980).

Only a few empirical studies have directly
assessed affective responses to mathematics
learning, and the findings are not entirely
consistent. In terms of general affect, ex-
pressed as a liking or preference for math-
ematics, few differences are evident in boys’
and girls’ responses during elementary and
high school. Sex differences in these vari-
ables do appear after high school, with boys
expressing more positive affect toward math
(Aiken, 1976; Brush, 1980; Ernest, 1976;
Fox, Tobin, & Brody, 1979). A few empir-
ical studies have also assessed more extrems
reactions to mathematics (e.g., anxiety, ex-
cessive worry and concern) and support the
hypothesis that greater numbers of women
are math anxious {Brush, 1978, 1980; Dre-
ger & Aiken, 1957; Suinn & Richardson,
19723. These studies, however, have not con-
trolled for the possibility that men might be
less willing to admit to feelings of anxiety,
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especially with regard to an area of achieve-
ment that is viewed as masculine, particu-

larly by men.

If math anxiety is to be used as a causal
explanation, not only does the problem of
social desirability and defensiveness in as-
sessing math anxiety need to be taken into
account, but also the conceptualization of
math anxiety itself needs to be refined. Some
critics suggest that math anxiety may simply
reflect a strong emotional reaction to eval-
vation or testing, which is commontly found
in most math classes. In response to this cri-
ticism, Brush (1978) compared students’
ratings of guestionnaire items dealing with
computation with ones dealing with tests and
similar evaluations. As expected, students
rated tests in math as more anxiety arousing,
with women reporting higher anxiety than
do men. Suinn and Richardson (1972) found
that a majority of the students who reported
feeling anxious about math indicated that
they had no similar anxieties for other ac-
ademic subjects. Thus, for some students
math anxiety may reflect & generalized fear
of failure or test anxiety, whereas for other
students math anxiety appears to reflect a
very specific affective response.

" Other researchers have argued that math
anxiety is nothing more than a lack of con-
fidence in one’s ability to learn mathematics.
In support of this conclusion, Fennema and
Sherman (1976) reported strong correla-
tions between measures assessing confidence
in math and anxiety. Again it is the case that
women have more negative feelings than do
men, Even in studies that have controlled for
the number of math courses taken, men re-
port greater confidence in their math abili-
ties than do women (Fennema & Sherman,
1977 Sherman, 1980; Sherman & Fen-
nema, 1977

Because women tend to have negative feel-
ings toward math, several researchers argue
that women are more likely than men to
avoid this area of study, if given the oppor-
tunity. A few studies have examined this
hypothesis and have shown that students
who score high on math anxiety measures
are less likely than students with lower scores
to take optional course work in mathematics
or to choose quantitative college majors
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{Brush, 1978, 1980; Sherman & Fennema,
1977). Given that women typically score
higher on these measures, this finding would
lend support to the argument underlying re-
search in this area.

Additional research is needed to assess the
relative predictive value of anxiety in stu-
dents’ course selection. In a recent study
using causal modeling procedures, Brush
{1980) reported that when other affective
and attitudinal variables are considered, the
relative importance of anxiety in explaining
students’ enrollment in physical science
courses was nonsignificant. Anxiety ap-
peared to have its effect primarily as a me-
diator of other variables that are more di-
rectly linked to students’ course selection
such as their hking of the course and their
expected grades. It is interesting to note,
though, that in this study women seemed to
use anxiety as a stronger criterion for judg-
ments about liking and performance than
did men. [n this way anxiety may play a
more influential role in women’s academic
choices.

Summary of Past Research

in their attempt to account for sex dif-
ferences in math achievement and course
enrollment, researchers have advanced sev-
eral explanations ranging from biologically
based differences in mathematical aptitude
to the sex typing of math as a male domain.
Though no one explanation has emerged
with unequivocal support, each of the bodies
of research reviewed provides insights into
the determinants of math achievernent be-
havior. There is, however, no apparent over-
riding theme linking together the several im-
portant influences. Even if the specifics are
not well understood, it is clear that sex dif-
ferences in math achievement and enroli-
ment patterns are determined by a complex
set of causative factors.

An integrative theoretical framework that
provides a more complete description of
the factors influencing students’ academic
choices is clearly needed. Given the com-
plexity of the cogunitive skills involved and
the soctocultural context in which mathe-
matics learning takes place, such a frame-
work should be comprehensive in its ap-
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proach. To ameliorate shortcomings of pist
research, it should also take into accounft’he
complex interplay of the many factors cop.
tributing to students” academic choices. A . |

framework that describes the causal effects . .
of aptitude, socialization, attitudinal, and
affective factors on subsequent academjc. -
choices from a motivational perspective ..

would help clarify existing research and
would provide the basis for future research
and for intervention programs. Such a model .
for general achievement behavior has beep
developed by Parsons and her colleagues.
The application of this theoretical mode] of
academic choice to an understanding of sex-
differentiated math enrollment patterns is
presented in the next section.

Model of Academic Choice

Parsons and ker colleagues have developed
a general model of academic choice that
builds on earlier Expectation X Value mod-
els of achievement behavior (e.g., Atkinson,
1964; Crandall, 1969; Kukla, 1972, 1978;
Lewin, 1938; Weiner, 1972, 1974). The pro- -
posed model links academic choice to two
specific constructs: expectation of success on
a task and the subjective value of the task
for the individual. Figure | displays an over-
view of this model. In line with cognitive
approaches to achievement motivation, the
model assumes that the effects of past
achievement and socialization experiences
are mediated by one’s interpretations of
those events in light of cultural influences
and a fairly stable perception of oneself.
Therefore, as shown in Figure I, achieve-
ment expectations and values are hypothe-
sized to be influenced by students’ percep-
tions of their own ability, personal needs, and -
future goals and by their perceptions of task
characteristics. Individual differences on
these variables are further assumed to result
from variations in perceptions of socializers’
beliefs and behavior, causal attribution pat-
terns for success and failure, perceptions of
appropriate behavior and goals, and previous
achievements.

Each of the model’s major psychological
components 1s described in the subsequent
sections, Relevant research from the general
achievement motivation literature is inte-
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grated with previous findings from the math
achievement literature to provide a more
complete picture of siudents’ academic
choices.

Expectations

Expectation or probability of success has
long been recognized by decision and
achievement theorists as an important vari-
able in determining behaviorai choice (e.z.,
Atkinson, 1964; Edwards, 1954; Kukla, 1972,
1978; Lewin, 1938). Numerous studies have
demonstrated the importance of expecta-
tions for a variety of achievement behavior
incleding academic performance, task per-
sistence, and task choice (e.g.,, Crandall,
1969, Dhiggory, 1966; Feather, 1966; Veroff,
1969). Studies using measures of confidence
in learning math, a conceptuaily related
variable, have demonstrated a similar link
between confidence and performance (Par-
sons, Adler et al., in press; Sherman, 198(;
Sherman & Fennema, 1977, Armstrong &
Kahl, Note 2; Sherman, Note 10). On the
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basis of this research, achievement expec-
tations are included in our model as key de-
terminants of academic choices in mathe-
matics.

Severzl studies have reported sex differ-
ences in achievement expectations. Labora-
tory studies, using somewhat novel tasks,
generally find that girls who are § or more
years old have lower initial expectations than
do boys (Crandall, 196%9; Dweck & Bush,
1976; Dweck & Gilliard, 1975; Montanelli
& Hill, 1969; Parsons & Ruble, 1877}
When familiar tasks or actual school sub-
jects are used, however, the findings arec less
consistent., For example, although Parsons
and Ruble {1977) found an initial sex dif-
ference in the children’s expectations, the sex
difference disappeared after a series of suc-
cesses at the task. A similar pattern of find-
-ings has been reported in studies of
students’ math achievemen! expectations.
Whereas few sex differences are typically
found in students’ expectations for current
performance, sex differences are evident in
students’ expectations for unfamiliar tasks
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Figure 1. General model of academic choice. [Adapted from “Expectancies, Values, and Academic
Behaviors” by J. E. Parsons, T. F. Adler, R. Fuiterman, 8. B, Goff, C. M. Kaczala, J. L. Meecs, &
C. Midgley. In J. T. Spence (Ed.), Perspectives on Achievement and Achievement Motivation (in press).
Copyright forthcoming by W. H. Freeman. Reprinted by permission. |
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such as future math courses or math contests
(Heller & Parsons, 1981; Parsons, Adler et

al., in press; Fox, Note 13; Heller et al.,

Note 22).
Frieze, Fisher, Hanusa, McHugh, and

Valle (1978) interpreted this pattern of re-
sults as reflecting the difference between spe-
cific and generalized expectations. They ar-

gued that girls’ generalized expectations are -

lower than those of boys, but their specific
expectations, like those of boys, are largely
determined by performance history. Conse-
quently, if girls are required to participate
in a given achievement activity, one can ex-
pect their expectations to rise. It is their gen-
eralized expectations, rather than specific
expectations, however, that should be the
more powerful influence on decisions re-
garding future achievements, and general-
ized expectations appear to be especially
detrimental to girls” academic choices and
achievements. In particular, because ad-
vanced mathematics differs from earlier
math courses and students perceive ad-
vanced math courses as more difficult than
their current math course ( Brush, 1980; Par-
sons, Adler et al, in press), future expec-
tations would be the more salient factor.
Furthermore, because girls generally have
lower future expectations than do boys, girls
would, therefore, be less likely to enroll in
advanced math courses.

Given that achievement expectations play
a significant role in students’ academic
choices, it is important to identify the factors
that might account for different expecta-
tions. Within our model, expectations are
most directly influenced by self-concepts of
ability and by estimates of task difficulty.
In addition, these variables and expectations
are all assumed to be influenced indirectly
by past achievement and cultural factors
through students” interpretations of previous
achievements, perceptions of the expecta-
tions of others, and identification with the
goals and values of existing cultural roles.

Self-concept of abiliry. The importance
of self-concepts of ability in the achievernent
process has been discussed extensively in the
achievement literature. Research document-
ing a positive relation between self-percep-
tion of amhity and task choice is of particular
importance to our model (e.g., Brookover
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& FErickson, 1975; Kukla, 1972, 1978-

function as “threshold variables™ to set fim.
its on the kinds of subjects a person choogeg
to study. On the basis of an assessment of
one’s own competence to perform a given
task, one must assume a minimal level of
success before undertaking the task. )

The relation of sclf-concepts of math abil-
ity to students’ decisions to enroll in optiona] -
math courses has also been amply demén-
strated (e.g., Parsons, Adler et al., in press;
Sherman, in press; Armstrong & Kahl, Note
2; Steel & Wise, Note 8; Sherman, Note 10;
Fox, Note 13; Kaczala et al., Note 23; Ka-
minski et al,, Note 24; Parsons, Note 26).
These studies report that sex differences in
students’ self-perceptions of math ability,
favoring boys, are evident by junior high
school. In view of this evidence, self-concepts
of math ability are included in our model as
an important source of individual differences
in academic choices. _

The causal role of these sex differences in
accounting for differences in math course
selection and other achievement behavior,
however, is less clear. Studies by Parsons and
her colleagues, which addressed this issue
using path analysis procedures, found self-
concept of ability to have only a small direct
effect on math course enrollment plans (Par-
sons, Adler et al,, in press; Kaczala et al.,
Note 23). In line with the predictions of our
model, however, self-concept of math ability
did have a significant effect on expectations,
which in turn had a significant effect on en-
rollment plans. Thus, self-concepts of ability
are assumed to influence students’ academic
choices indirectly through raising or lower-
ing their achievement expectations.

Perceived task difficulty. Intuitively, it
seems that expectations of success should be
inversely related to the perceived difficulty
of the task. Althcugh little research has ad-
dressed this prediction directly, there is
strong evidence indicating that task choice
is related to perceived task difficulty {(e.g.,
Atkinson & Birch, 1970; Meyer et al., 1976;
Weiner, 1972, 1974). Nevertheless, the re-
fation is not straightforward. Several inves-
tigators (e.g., Atkinson, 1964; Kukla, 1978:

. i Me ﬁl;: i
Fo‘Ikes, & Weiner, 1976). Brookover gn’ci

Erickson {(1975) suggested that self-concepts.
of ability in regard to various academic aregs .-
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Meyer et al., 1976; Weiner, 1972) have sug-
gested a curvilinear relation between per-
~ceived task difficulty and task choice. Maehr
(Note 27) has suggested that this analysis
applies only to a limited set of achievement
circumstances, namely, those that might be
fabeled recreational. For inherently difficult
tasks with important future implications,
such as achievement in one’s math courses,
our model predicts that perceived task dif-
ficulty is negatively correlated with task
choice.

The few studies testing this prediction in
the area of math achievement have yielded
conflicting results. For example, a cross-cul-
tural study of math achievement did not find
any relation between the perceived difficulty
of math and actual achievement (Fusen,
1967). Stallings and Robertson (Note 28),
in contrast, found perceived difficulty to be
the most imporiant variable in discriminat-
ing between girls who planned to continue
in math and those who did not.

A few studies have also tested for sex dif-
- ferences in perceived task difficulty, Brush
(1980) found that jumior and semior high
school girls rate mathematics as more dif-
ficult than do their male peers. In our own
studies, girls also rated future courses as
more difficult than did boys, suggesting that
girls’ perceptions of task difficulty might
work in comjunction with their low self-con-
cepts of math ability to lower their expec-
tations of success 1n those future courses (see
Parsons, Adler et al., in press; Heller et al.,
Note 22; Kaczala et al., Note 23). In support
of this hypothesis, Parsons, Adler et al. {in
press) found that the perceived difficulty of
mathematics courses has a causal effect on
expectations of future success, on self-con-
cepts of math ability, on perceptions of the
“utility of future math courses, and on liking
of mathematics. In cach case the belief that
math is very difficult is associated with a
more negative view of one’s math abilities
and of mathematics itself 1 year later.

Because girls think mathematics is more
difficult than do boys, these findings suggest
that girls will be less likely to enroll in math-
ematics courses if given an option. Although
there is very little research directly testing
this hypothesis, there is some evidence in-
dicating that girls more frequently than do
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boys avoid tasks that have been designated
as difficult (Stein & Bailey, 1973; Veroff,
1969). In a direct test of this hypothesis,
however, we found that the enrcllment plans
of either boys or girls were not influenced
directly by the students’ estimates of the
difficulty of their current or future mathe-
matics courses. Instead, estimates of task
difficulty appear to have their influence
through the direct effects they have on stu-
dents’ expectations of success and students’
perceptions of the value of mathematics (see
Futterman, 1980; Parsons, Adler et al., in
press).

Perceptions of beliefs and expectations of
significant others. The achievement liter-
ature has documented the importance of so-
cializers’ expectations and attitudes in shap-
ing children’s self-concepts and general
expectations of success (Brookover & Erick-
son, 1975; Brophy & Good, 1974; Crano
& Mellon, 1978; Parsons, Frieze, & Ruble,
1976; Rosenthal & Jacobson, 1968). Re-
search has also clearly shown that boys and
girls have very different socialization expe-
riences. Of particular relevance to our model
is the growing body of literature indicating
that parents and teachers hold different
achievement expectations for boys and for
girls, which may in part reflect cultural views
of the inferior competence of women and
girls. Given that math is sometimes sex typed
as a masculine subject area, this issue be-
comes especially significant for our under-
standing of the origins of sex-differentiated
course enrollment patterns in mathematics.

If girls infer that parents and teachers hold

lower expectations for their mathematics
performance, then girls may develop lower
expectations for their own potential achieve-
ment in mathematics courses and choose not
to enroll in optional courses.

The few studies that have actually ex-
amined this possibility have found that when
sex differences are evident, women perceive
their parents as having lower estimates of
their math ability (Fennema & Sherman,
1977, Parsons, Adler et al., in press; Fox,
Note 13; Kaminski et al., Note 24). Our own
studies show that children’s self-concepts of
ability are more directly related to their par-
ents’ beliefs about their math aptitude and
potential than to their own past achievernent
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in math (Parsons, Adler, & Kaczala,
press; Parsons, Note 26). Although the
causal significance of these different percep-
tions has vet to be assessed, these studies
also show that students’ perceptions of their
parental expectations are related indirectly
to their intentions to take advanced mathe-
matics courses.

Clearly, more research is needed to as-
certain the origins of students’ perceptions
of the expectations of their parents and
teachers. - It is unclear at this point {a)
whether these perceptions are veridical or a
reflection of cultural stereotypes and (b)
whether these perceptions are an epipheno-
menon or a direct consequence of parental
attitudes and behavior. With regard to this
latter issue, Parsons, Adler, and Kaczala (in
press) found that children’s perceptions of
their parents’ expectations of them are more
strongly related to the children’s own self-
concept than to parents’ actual beliefs.

The relation of parental expeciations and
children’s perceptions is undoubtedly very
complex and subject to change over time. In
part, our model attempts to incorporate this
complexity by suggesting that children’s
seli-concepts of ability and socializers® atti-
tudes mutually influence one another. It is
quite conceivable that early socialization ex-
periences influence the development of dif-
ferent spatial and math abilities. These ob-
served differences could in turn shape the
emerging attitudes and beliefs of socializers
toward children’s performance in math. Their
subsequent interactions with boys and giris
would reflect these expectation differences,
and children’s self-concepts of ability would
be infiuenced accordingly. Consequently,
real or expected math ability differences are
not only sustained by the attitudes and be-
havier of important socializers but also rein-
forced by the children’s expressed attitudes
about their own abilities,

Anributions.  According to several the-
orists, it is not success or failure per se but
the causal attributions one makes for these
outcomes that influence one’s future expec-
tations (Frieze et al, 1978; Heider, 1958;
Weiner et al,, 1971). The causal nature of
this relation, however, has come under re-
cent scrutiny (Covington & Omelich, 197%a).
On the basis of their findings, Covington and
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Omelich (19792a) proposed that ¢ shifts in ex-
pectation are caused by studenig’ initial self-
conecepts of ability rather than by their at-
tributions. Aiihoz;gr our model is in hagic
agreement with Covington and Gmelich on
the importance of self-concepts of abil ity, it
maintains that attributions hs Ve an early
causal role in determining achievement £X-
pectations. Extending the argument origi-
nally advanced by Weiner et al. {1 971Y into
a developmental time frame, we propose that
particularly  aut

attributions, Tibutions to
ability, play a critical rale in fz, formation
of one’s self-concept of ability and one’s per-

ceptions of task dztuw% ty,
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boys. The opposite is true in the case of math
success: Girls rank the importance of ability
lower than do boys. Therefore, causal attri-
butional patterns are included in our model
as potential mediators of the sex differences
in self-concepts of ability and achievement
expectations. In a study using path analysis
procedures, Parsons (Note 29) reported a
pattern of results that is consistent with this
hypothesis. Additional studies directly as-
sessing the causal role of attributions are
badly needed.

Task Value

As first conceptualized by Atkinson
(1964), the value of engaging in a task was
directly related to the degree of difficulty or
challenge it was assumed to have. Research
on math achievement has shown, however,
that other dimensions of task value affect
achievement behavior in school settings. Sev-
eral researchers, for example, report that
students’ perceptions of the usefulness of
mathematics are strongly related to their in-
tentions to continue or to discontinue their
mathematical studies (e.g., Brush, 1980;
Fennema & Sherman, 1977, Parsons, Adler
et al., in press; Armstrong & Kahl, Note 2).
There is also evidence suggesting that boys
and girls may not value math in the same
way. Boys, as early as seventh and eighth
grade, are more likely than girls to perceive
math as important to future career goals
(Brush, 1980; Dornbusch, 1974; Hilton &
Berglund, 1974; Parsons, Adler et al, in
press; Sherman, 1980; Wise et al., Note 235).
High school boys alse place greater impor-
tance on their grades in mathematics than
do girls (Dornbusch, 1974).

In response to a growing dissatisfaction
with Atkinson’s original conceptualization
of incentive values, several theorists have
suggested a broader, more individualistic
concept of task value (Crandall, Katkovsky,
& Preston, 1962; Parsons & Goff, 1978,
1980; Raynor, 1974; Spenner & Feather-
man, 1978; Veroff, 1977). According to
these theorists, the value of a task is deter-
mined both by the characteristics of the task
and by a person’s needs, goals, and values.
The degree to which a particular task is able
to fulfill needs, to facilitate attainment of

goals, or to affirm personal values deter-
mines the importance a person attaches to
engaging in that task. Elaborating on the
work of these theorists, our model suggests
that task value can be conceptualized in
terms of three major components: attain-
ment value, intrinsic value or interest, and
utility value.

In its more basic form, attainment value
represents the importance of doing well on
a task and coincides with the conceptualiza-
tion of attainment value first advanced by
the Crandalls (e.g., Crandall, 1969; Cran-
dall et al., 1962). In its broader form, it in-
cludes a variety of task perceptions such as
the likelihood that success on the task will
confirm salient and valued characteristics of
the self (e.g., masculinity, femininity, power,
competence, popularity) and the likelihood
that the activity will provide a challenge.
The perceived gualities of the task determine
its value through their interaction with an
individual’s needs and self-perceptions. Con-
sider, for example, a student who thinks of
himse!f or herself as “smart” and defines a
certain course {e.g., calculus) as an intellec-
tually challenging course that “smart” stu-
dents should take. For this particular stu-
dent, the attainment value of math would be
high because enrolling and doing well in it
will affirm a critical component of his or her
self-concept.

Intrinsic or interest value, the second com-
ponent of task value, is the inherent enjoy-
ment one gets from engaging in an activity.
The distinction between this component and
utility value, the third component, coincides
most closely with the distinction made be-
tween intrinsic and extrinsic motivation
(Deci, 1975; Kruglanski, 1975; Lepper &
Greene, 1978; Nicholls, 1979). Some tasks
are undertaken because enjoyment or sat-
isfaction is derived from simply engaging in
those tasks; performing the tasks is seen as
an important end in itself,

Finally, apart from any feelings of interest
or enjoyment, academic tasks also have util-
ity value and are undertaken as a means of
reaching a variety of goals. For example, a
female student who wants to be a veterinar-
jan knows she must take advanced high
school mathematics courses to gain entry
into the appropriate college program. Con-
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sequently, she may take advanced mathe-
matics ¢lasses, even though she has little or
no interest in math itself. In this case, the
desirability of her career goal and the in-
strumentality of mathematics in helping her
to achieve that goal outweigh her negative
or neutrzl attitude toward the subject matter
itself. The utility value of math in this case
is high because of its long-range usefulness.

In summary, we propose that task value
is a function of both the perceived qualities
of a task and the individual’s needs, goals,
and self-perceptions. Individual differences
on these variables could be created by dif-
ferent past experiences with that task or sim-
ilar tasks, by cultural stereotypes, and by
different information from parents, teachers,
or peers about the importance or difficulty
of the task. Our model specifies three clus-
ters of variables as particularly important
mediators of these individual differences:
personal needs, values, and self-schemats;
perceptions of the cost of success; and pre-
vious affective experiences with similar tasks.

Personal needs, values, and seff-sche-
mara. A sizable portion of the literature
related to the processes of socialization sug-
gests that a variety of needs and values in-
fluence the form of an individual’s achieve-
ment behavior (Mortimer & Simmons, 1978:
Parsons & Goff, 1980; Spenner & Feath-
erman, 1978; Stein & Bailey, 1973; Veroff,
1969, 1977). The degree of influence wielded
by values and needs is determined by their
centrality to an individual’s self-definition.
Specifically, personal needs and values op-
erate in ways that both reduce the proba-
bility of engaging in roles perceived as in-
consistent with these central values and
increase the probability of engaging in roles
perceived as consistent with one’s definition
of self,

Within this set of values and needs, one
particular necd emerges as having a strong
influence on behavior: the need to act ac-
cording to socially prescribed expectations
for how each sex should behave. Sex roles
could potentially influence achievement be-
havior through their impact on perceived
value of a task. Specific tasks are identified
as either consistent or inconsistent with one’s
sex role identity, and the degree of perceived
consistency affects the value or attractive-
ness of that task
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Central to this line of argument is the
assumption that sex role identity and the sex
typing of particular achievement activities
interact to influence task value. That is, the
sex typing of the task should affect perceived
task value only to the extent that one’s sex
role identity is a critical and salient com-
ponent of one’s self-image. Conversely, sex
role identity should influence task valye only
to the extent that the task is sex typed by
the individual. For example, the value of
math should be low for a girl who views math
a$ a mascuiine activity and wants to avoid
it as a way of affirming her “femininity.” It
is clear from this example that the effects
of sex typing on task value are complex, de-
pending not only on the subjective sex typing
of the activity but also on the salience of sex
role wdentity to one's self-image.

The implications of sex typing on achieve-
ment behavior have received considerable
attention in the area of math achievemnent.
Several researchers have reported that when
math is sex typed, it is perceived as a male
achievement domain (e.g. Dwyer, 1974;
Ernest, 1976; Fennema & Sherman, 1977,
MNash, 1979, Parsons, Adler et 1l in press;
Sherman, 1980; Stein & Smithells, 1969;
Armstrong & Kahl, Note 2; Fox et al., Note
2t Boswell, Note 30). Girls i these studies,
however, sex typed math to a lesser extent
than did boys. In addition, when asked, the
girls did not show great concern about sue-
cess in mathematics (Fennema & Sherman,
1977, Parsons, Adier et al., in press; Sher-
man, 1980). Thus, it is not clear that girls
view math as inappropriate for them and
even less clear that sex typing math lowers
Its attainment value for gitls (Parsons,
Note 31).

Although women may not sex type math-
ematics as a male domain, they may perceive
math-related careers as masculine. Were
this the case, then women not aspiring to
masculine-typed occupations would view ad-
vanced math courses as havipg low utility.
A number of studies have reported distinct
differences in the career interesis of men and
women, with women preferring occupations
that require fittle, if any, math (Fox et al
1980; Fox & Denham, 1974; Hawlev, 1971,
1972; Lipman-Blumen & Tickameyer, 1975
Parsons & Goff, 1980; Dunteman et al,
Note 12; Astin, Harway, & McNamara,
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Note 32). Further, in a reanalysis of the
Project Talent data, Wise et al. (Note 25)
found that a large proportion of the sex dif-
ferences in participation could be accounted
for by career interests in the ninth grade.
Thus, it is probable that sex differences in
career goals affect the perceived utility of
advanced math courses.

Sex differences in the perceived value of
math could also result from differences in
personal values and life goals. Personal val-
wes could influence the importance attached
to various activities such that activities that
are consistent with one’s beliefs are seen as
more valvable than activities that are per-
ceived as inconsistent or unrelated. In sup-
port of this argument, several recent studies
have documented a relation between math-
ematics or science involvement and personal
values. For example, Dunteman et al. {Note
12) found that an orientation to things
rather than an orientation to people influ-
ences the election of a math or science major.
Similarly, Fox and Denham (1974) found
that mathematically talented children are
relatively low on social values and high on
theoretical, political, and economic values.
Furthermore, in both of these studies, the
girls were less likely than the boys to hold
math- and science-related values. Thus, sex
differences in the perceived value of math
may be related in part to personal value
orientations. The strength and causal direc-
tion of this prediction has yet to be tested.

Cost of success and failure. The value
of an activity can also be conceptualized in
terms of a cost—benefit ratio. Assuming that
individuals have a conception of both the
costs and benefits of engaging in a variety
of activities, then the value of each activity
ought to be inversely related to this cost-
benefit ratio. The benefits of engaging in an
activity in terms of fulfilling personal needs
and goals were discussed earlier. For some
individuals, however, the benefits of an ac-
tivity may be outweighed by what a person
perceives as the psychological “‘costs™ asso-
ciated with engaging in that activity.

A person’s perception of the amount of
effort needed for success was suggested by
Parsons and her colleagues as one particu-
larly important influence on the perceived
cost of various achievement activities, (Given
that in making course enrollment decisions
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students must frequently choose among sev-
eral equally attractive alternatives, we sug-
gest that the. perception of the amount of
effort needed to do well in a course will have
a significant effect on such decisions. To the
extent that the amount of effort needed to
do well in advanced mathematics courses
exceeds the perceived worth of the outcome,
the value of enrolling in advanced math
courses should decrease.

One factor considered in determining how
much effort is worthwhile is the amount of
time lost for other valued activities. For ex-
ample, imagine a girl who likes math, thinks
that it is quite difficult, and wants to be cho-
sen for a leading role in an upcoming school
play. To do well in math, she assumes she
wiil have to do math homework every night.
She also believes that she can optimize her
chance of getting a leading role by staying
after school with some friends to practice for
the audition. Despite its high incentive value,
doing well in math poses an obstacle to the
achievement of other goals. Consequently,
the value of math for this girl would be de-
creased by its high cost in terms of realizing
other important goals.

Our own work has provided some initial
support for the importance of this compo-
pent of task value. Using cross-lagged panel
analyses, we found that students’ estimates
of the relative worth of the effort needed to
do well in math influenced students’ expec-
tations of their future success in mathemat-
ics, their confidence in their mathematical
ability, their perceptions of the utility of
mathematics, and their interest in mathe-
matics (Parsons, Adler et al., in press). As
predicted, the relative worth of the effort
needed to do well in mathematics had an
important influence on students’ course en-
rollment decisions.

Another factor influencing the value of a
task is the psychological costs of failure to
one’s self-esteem when maximum effort is
expended on the task. Consider, for example,
those students who view themselves as com-
petent, who have strong achievement needs,
yet who are unsure of their mathematical
abilities and feel as though they will have
to try exceptionally hard to do well in their
next math course. For these students, the
cost of failure is high because failing to do
well would mean a lack of ability and would
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have detrimental implications for their self-
concept {Covington & Beery, 1976; Coving-
ton & Omelich, 1979b; Nicholls, 19763.
Consequently, the perceived value of math
should be lower for these students than for
students who are either certain of success or
do not find threatening the prospect of poor
performance. If the option is available, the
first group of students would probably want
to avoid the activity altogether, choosing to
engage in less psychologically costly tasks.

Frevious or anticipated affective experi-
ences. A final set of variables assumed to
influence the value of achievement activities
involves previous or anticipated affective ex-
periences. Achievement activities elicit a
wide range of emotional responses. If one
had a bad experience with a math teacher
at some point, the negative feelings aroused
by that teacher can condition one’s percep-
tion of math such that it takes on a negative
value or comes to elicit negative feelings.

Support for this hypothesis can be drawn
from three recent studies reporting a devel-
opmental decrease in the perceived value and
enjoyment of math (Brush, 1980; Parsons,
Adler et al., in press; Heller et al., Note 22).
Brush (1980) interviewed students to assess
the possible causes of this decline. Her stu-
dents reported that advanced math courses
are especially anxiety provoking because stu-
dents are called on and tested a great deal.
Brush concluded that this teaching stvle in-
vokes negative affect toward math and thus
lowers the perceived value of these courses
for older students. Girls reported these
teaching practices to be more anxiety pro-
voking than did boys, which could reduce the
value of math even more dramatically for
girls.

Why are evaluative situations more pain-
ful for some students than for others? At-
tribution research has shown that individuals
differ markedly in their interpretations of
various achievement experiences. The extent
to which students attribute their poor per-
formance in mathematics to factors not un-
der their control, such as a bad teacher or
a poor teaching style, should make these ex-
periences less emotionally painful thap if
students accept full responsibility for their
performance (Weiner, Russell, & Lerman,
1978). Individual differences in attributional
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patterns for mathematics outcomes, conse-
quently, should produce individuai differ-
ences in the affect associated with mathe-
matics activities. Therefore, all of the
variables discussed earlier as influencing sty-
dents’ interpretations of achievement out-
comes would also help account for different
affective reactions to math achievement ac-
tivities,

This analysis could in part explain the
previously reported sex differences in math
anxiety. We propose that this reaction is
primarily a joint function of low expectations
of success and the high psychological cost
associated with doing poorly in mathematics,
If students believe that they have low math-
ematical skills and perceive poor achieve-
ment in math as undesirable, then a reason-
able emotional response would be to feel
uneasy or anxious about math. Because girls
have lower estimates of their math ability
and are more likely to attribute their poor
math achieverment to a lack of ability, it is
not surprising that girls report math to be
more anxiety provoking than do boys. This
difference could, in turn, lead girls to lower
the value of math and to avoid mathematics
as a means of reducing their anxisty ( Meece,
Note 33).

Summary. Our model proposes that task
value interacts with expectations to influ-
ence achievement-related behavior. Several
factors were also proposed as critical media-
tors of achievement expectations and the
subjective value attached to mathematics.
Urfortunately, little systematic research has
been done on the origins of individual dif-
ferences in the subjective value of various
achievement activities. Consequently, the
section on task value has been more specu-
lative than the preceding one on expecta-
tions. This review suggests the importance
of investigating more systematically the in-
fluence of task value on math achievement
behavior, and it provides several recommen-
dations for future research.

Conclusions

The theoretical model described in this
review was originally developed as a general
model of academic choices. In. this article
the model has been used to organize and ana-
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tions generated in this review have not been
fully examined, existing research on the role
of expectations, task value, and their media-
tors provides a good basis for developing in-
tervention strategies to encourage more girls
and women in mathematics. This research
underscores the need for a comprehensive
approach to the problem and for early in-
tervention while children’s personal value
orientations and occupational interests are
developing.

One course of action might involve helping
students overcome their own self-defeating
attitudes. As this review has advocated, feel-
ings of competence are psychological events,
depending far more on the subjective mean-
ing given to achievement experiences than
on actual levels of attainment. In that re-
gard, research strongly suggests that adults
function primarily as interpreters of reality.
It is critical then that teachers and parents
become more sensitive to their own attitudes
toward mathematics and avoid perpetuating
stereotypic views of math achievement or
careers in the quantitative fields as inappro-
priate for girls and women. Also, steps could
be taken to increase students’ awareness of
the usefulness and importance of mathe-
matics for a variety of carcers. Several 1n-
novative programs are available that offer
information to counselors and educators on
math-related career apportunities and how
to encourage girls to enter them (e.g., Pro-
ject Equals, University of California at Ber-
keley: Project Multiplying Options and
Subtracting Bias, University of Wisconsin-
Madison; Women in Technology and Sci-
ences, Massachusetts Institute of Technol-
ogv). Research is needed to test the effec-
tiveness of these and other programs in
reducing the likelihood that students wili
either unknowingly or unnecessarily restrict
their career options by choosing to limit their
background in mathematics.
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