- SEX DIFFERENCES IN
MATHEMATICS PARTICIPATION

Jacquelynne Eccles (Parsons)

ABSTRACT

Competence in mathematics is a critical skil directiy related to educational and occupational
choices. Yet compared to males, females are less likely to enroll in advanced level mathe-
matics courses and to aspire to mathematically oriented careers. The possible reasons for
this sex difference are reviewed in this chapter. In addition, the evidence is integrated into
the theoretical model proposed by Eccles, Adler and Kaczala (1983) for studying students’
academic choices and decisions. This psychological model, based, in pari, on classical
expectancy-value models of task choice, links academic choice to two cognitive constructs:
(a} expectations for performance in particular courses and (b) perceplions of the value or
_ importance of the various courses from which one must choose. Further, the model specifies
the relations among the set of both psychological and social experiential constructs believed
to mediate individual differences in expectations for success and perceplions of the relative
value of various achievement options. In particular, the following consirtcts are discussed:
confidence in one's academic {especially mathematical) ability, perceptions of the difficulty
of mathematics, attributional patterns, sex role identity, stereotypes of the sex typing of
math-refated careers, self-schemata or self-systems, personal goais and values, past experi-
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ences related (o mathematics in both the scheol and the home, parental expectations and
behaviors, the expeciations and behaviors of teachers and other school personnel, one's
mathematical aptitude, and one’s performance history in mathematics. Recommendations,
based on this model, for inlervention strategies designed lo increase the padicipation of
females in mathematics courses and in math-related careers are discussed.

INTRODUCTION

A growing concern has been expressed by policymakers over the small number
of women pursuing careers in the scientific, mathematical, and technical fields
(Sells, 1980). Despite efforts to ameliorate this through affirmative action and
scholarship programs, employment statistics indicate that men and women are
still entering these career fields in disproportionate’ numbers {(Bureau of Labor
Statistics, 1980). Women are less likely than men to enter professions which
are math-related. For example, in the academic year 1975-1976, women received
only 3.2% of all undergraduate engineering degrees and only 20% of all un-
dergraduate degrees in computer science, physical science, and business and
management. In contrast, females received 73% of the undergraduate degrees
in education and 79% of the undergraduate degrees for health-related professions.

Interestingly, women did receive 41% of the undergraduate degrees in math-
ematics. But relatively few students major in mathematics in comparison o the
more applied fields associated with mathematics. For example, in 1975-1976,
approximately 16,800 degrees were awarded in mathematics; in contrast, 220,000
degrees were awarded in engineering, computer science, physical science, and
business and management; and 211,000 B.A. degrees were awarded in education
and in health-related majors. Furthermore, the propertion of degrees in mathe-
matics awarded to women drops at each level beyond the B.A. degree; for
example, in 1976, only 34% of the masters degrees in mathematics went to
women and only 15% of the doctorates in mathematics were awarded to women
(Chipman & Thomas, {980).

While these trends have remained fairly stable over the last 10-15 years, there
has been a slight increase in female participation in the last 3 or 4 years, especially
in business programs. A survey of 1979 college freshmen reported in The Chron-
icle of Higher Education (Magarrell, 1980) suggests that this increase may persist
into the 1980s. For example, when asked their prospective major, 23% of women
in 1979 (as compared to 12.5% of the women in [969) indicated business, 2.5%
{vs. 0.4% in 1969) indicated engineering, 1.8% (vs. 1.0% in 1969) indicated
physical science, and 3% (vs. essentially 0% in 1969) indicated computer science
and electronics. However, while these figures reflect a slight increase in partic-
ipation of women in math-related fields, the percentage of men planning on
majoring in these same areas still far outnumbers the percentage of women. For
example, 19% of the men pianned to major in engineering, 4% in physical
science, and 5.5% in compuler sciences and electronics.

Many researchers have expressed an interest in this problem. Findings from
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a wide variety of sources indicate that although girls receive less encouragement
to continue their mathematical studies or to pursue mathematical careers, it is
not the case that the sex differences in career plans are the result of systematic
discrimination. On the contrary, all too often girls choose to limit, or to end,
their math training while still in high school or soon after entering college. This
choice effectively eliminates the options of many math-related careers for these
girls. _

Why do girls choose to limit their options in this way? The search for an
understanding of the motivational-attitudinal determinants of achievement-related
behaviors is not new to psychelogy. Much of the relevant work in the 1950s
and 1960s was stimulated by the expectancy-value theory of Atkinson and his
colleagues (Atkinson, 1964). This theory focused attention on individual dif-
ferences in the motive to achieve and the effects of subjective expectation on
both this motive and the incentive value of success. Some investigators, using
new techniques to measure achievement motives, have continued to explore the
implications of motivational mediators for achievement behaviors (Spence and
Helmreich, 1978). Much of the work of the last decade, however, has shifted
attention away from motivational constructs {o cognitive constructs such as causal
attribitutions, subjective expectations, self-concept of ability, perceptions of task
difficulty, and subjective task value. The theoretical and empirical work presented
in this chapter fits into this more recent tradition.

Building on the seminal works of Atkinson (1964), Crandall (1969}, Crandall,
Crandall, Katkovsky, and Preston (1962), Crandall, Katkovsky, and Crandall
(1965), and Weiner (1972, 1974), my colleagues and I have elaborated a model
of academic choice. Drawing upon the theoretical and empirical work associated
with decision making, achievement, and attribution theory, the mode! links
academic choices to expectancies for success and to the importance o incentive
value of the task. It also specifies the relation of these constructs to cultural
norms, experience, aptitude, and a set of personal beliefs and attitudes associated
with achievement activities (Eccles, Adler, Futterman, Goff, Kaczala, Meece,
& Midgley, 1983). It is our contention that this model, originally proposed as
a general model of achievement choices, is particularly useful in analyzing sex
differences in students’ course selection in mathematics and in guiding future
research efforts in this domain (Meece, Eccles-Parsons, Kaczala, Goff, & Fut-
terman, 1982). A general summary of the mediators and their relation to ex-
pectations, values, and achievement behaviors is depicted in Figure 1. As can
be seen, the model is built on the assumption that it is not reality itself (i.e.,
past successes or failures) that most directly influences students’ expectancies,
values, and achievement behavior, but rather their interpretations of that reality.
The influence of reality on achievement beliefs, outcomes, and future goals 1s
assumed to be mediated by causal attributional patterns for success and failure,
by the input of socializers (primarily parents and teachers), by one’s needs and
values, by sex role identity, and by one’s perceptions of the task itself. Each of
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these factors is assumed to coniribute to both the expeclations one holds for
future success and the subjective value one attaches to any particular achievement
task. Expectations and subjective value, in turn, directly influence achievement-
related behaviors (including the decision to engage in a particular activity) and
actual performance.

Reviewing all of the literature supporting the importance of these cognitive
mediators for career choice is beyond the scope of this chapter. This literature
is reviewed extensively in Eccles et al. (1983). Suffice it to conclude at this
point that studies ranging from such diverse fields as mathematical modeling of
decision making to career counseling and guidance have consistently pointed to
the importance of these constructs in task or career choice.

In this chapter 1 apply this model to mathematics course enrollment and career
choice. The role of each of the major psychological components in shaping
mathematics-related expectations, values, and academic choices is discussed.
Particular attention is focused on assessing the contribution of these constructs
to our understanding of sex differences in decisions regarding math-refated ca-
reers. My review focuses on two issues. First, I summarize the existing literature
regarding sex differences on these constructs. Second, I discuss in more detail
those studies which tested the relationship between these constructs and either
mathematics course or math-related career choices (henceforth referred to as
math participation).

The fact that males and females differ on some variable (for example, self-
confidence in their math ability) does not, in and of itself, support the inference
that sex differences in math career plans are a consequence of the sex difference
on that variable. At a minimum, the refationship between the variable and math
participation must be assessed. Furthermore, while a significant correlational
refationship would provide support for a hypothesized link between a variable
and math participation, it does not demonstrate a causal effect. Longitudinal
and/or causal modeling procedures are necessary to evaluate the causal relation-
ship between two variables. Longitudinal and causal modeling procedures have
been used in only a few studies of math course enrollment patterns and continuing
motivation for mathematics study. Since these methods provide the best available
evidence regarding the impact of attitudes and beliefs on students’ academic and
career decisions, extra attention is devoted to these studies.

EXPECTATIONS FOR SUCCESS

Expectations for success have long been recognized by decision and achievement
theorists as important mediators of behavioral choice (Atkinson, 1964; Edwards,
1954, Lewin, 1938). There have been numerous studies demonstrating the im-
portance of expectations for a variety of achievement behaviors including aca-

demic performance, task persistence, and task choice.
Similarly, studies using measures of confidence in learning math have dem-
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onstrated a consistent link between expectations for one’s future math perfor-
mance and decisions regarding mathematics involvement (Armstrong & Kahl,
1980; Eccles et al., 1983; Sherman, 1979, 1980a,b, 1981; Sherman & Fennema,
1977). Thus, expectations for math achievement, fike more general achievement
expectations, appear to be a critical component of decisions regarding mathe-
matics course enrollment and career development.

But are there consistent sex differences in either expectations in general or in
math expectations in particular? Several studies have reported sex differences in
general achievement expectations. Laboratory studies, using somewhat novel
tasks, generally find girls 8 years and older to have lower initial expectations
than boys (Crandall, 1969; Dweck & Bush, 1976; Dweck & Gilliard, 1975;
Montanelli & Hill, 1969; Parsons & Ruble, 1977). But when familiar tasks or
actual school subjects are used, the findings are less consistent. For example,
while Parsons and Ruble (1977) found an initial sex difference in children’s
expectations, the sex difference disappeared after a series of successes at the
task. A similar pattern of findings has been reported in studies of students’ math
achievement expectations. While few sex differences are typically found in
students’ expectations for current performance, sex differences are evident in
students’ expectations for more unfamiliar tasks such as future math courses or
math contests (Eccles et ai.‘, 1983, Heller & Parsons, 1981; Heller, Futterman,
Kaczala, Karabenick, & Parsons, 1978; Parsons ct al., 1980). _

Frieze, Fisher, Hanusa, McHugh, and Valle (1978) attributed this paltern of
results to the difference between specific and generalized expectations. They
argued that while girls’ peneralized expectations are lower than boys’, their
specific expectations, like those of boys’, are largely determined by performance
history. Consequently, if girls are required to participate in a given achievement
activity. it is probable that their expectations will rise.

However, generalized expectations may have more influence on decisions
regarding future achievements than specific expectations, and it is on measures
of generalized or future math expectations that the most consistent sex differences
emerge. Consequently, it is probable that the sex difference in generalized ex-
pectations is having a detrimental effect on girls’ math-related choices and
achievements. Since advanced math courses differ from earlier math courses and
since both boys and girls think that advanced math courses are more difficult
than their current math courses (Brush, 1980: Eccles et al., 1983; Parsons, et
al., 1980), future expectations, or more generalized math expectations, are likely
to have a more salient influence than current expectations on enrollment plans.
Since girls have lower future expectations than boys. it can be predicted that
girls will be less likely to enroll in advanced math courses than boys.

Given that achievement expectations play such a significant role in students’
academic choices, it is important to identify the factors that influence expecta-
tions. Eccles et al. (1983) suggested the fotlowing attitudes and beliefs as critical
mediators of expectations for future math performance: (a) self-concept of ability,
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(b) estimates of task difficulty; {c) interpretations of previous achievement ex-
periences; (d) identification with masculine and feminine sex roles; and (e) actual
performance in mathematics. Each of these sources of influence is described

briefly below,

Self-Concept of Ability

The influence of self-concept of ability on achievement behaviors has been
discussed extensively (Brookover & Erickson, 1975; Covington & Beery, 1976;
Covington & Omelich, 1979a,b; Kukia, 1972, 1978; Meyer, Folkes, & Weiner,
1976, Nicholls, 1976; Eccles et al., 1983; Purkey, 1970). These authors believe
that seif-concepts of ability are critical predictors of achievement behavior. Re-
search assessing this view has yielded somewhat mixed results. Although several
studies have demonstrated that students with higher estimates of their ability to
master a lask in fact do better on the task, few have actually tested the causal
direction of this relation. In a recent field study, Calsyn and Kenny (1977) found
that academic achicvement determines self-concept of ability rather than the
reverse. In contrast, intervention procedures designed to raise children’s confi-
dence in their intellectual abilities do produce gains in subsequent achievement
(deCharms, 1976; Dweck, 1975). These intervention studies suggest that for
some children, at least, increases in self-confidence can produce increases in
achievement.

Research specific to math achievement has yielded a consistent positive relation
between perceptions of mathematical ability and plans to enroll in advanced
mathematics courses. For example, both Kaminski, Erickson, Ross, and Brad-
field (1976) and Armstrong and Kahl (1980) demonstrated that students’ ratings
of their mathematical ability predicted the amount of math they pianned to take
in high school. Furthermore, when sex differences emerge in measures of self-
concept of math ability, girls report lower estimates of their ability than boys.
While these differences do not emerge with any consistency prior to junior high
school, they are found frequently in and beyond junior high despite the fact that
during the elementary and junior high school years girls perform just as well in
math as boys (Eccles et al., 1983; Emest, 1976; Fennema, 1974; Fennema &
Sherman, 1977, Fox, 1977, Helleret al., 1978; Kaminski et al., 1976; Robitaille,
1977).

While these studies suggest that self-concept of math ability is related to course
plans and actual performance, its causal significance in explaining variations in
math participation is not clear. One study, which addressed this issue with path
analytic techmques, found self-concept of math ability to have only a small direct
effect on course enrollment plans (Kaminski et al., 1976).

However, according to our model, self-concept of ability should exert its
effect on math participation indirectly through its effect on expectations for
success in future math courses. To test this prediction. my colleagues and | had
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approximately 350 junior and senior high school students complete an extensive
questionnaire designed to tap all of the components specified by the model. The
questionnaire was readministered to the same students | year later to provide
data for longitudinal tests of the relationships predicted in the model. Consistent
with the finding of Kaminski et al. (1976} our path analyses also indicated that
self-concept of ability has only a small direct effect on math course enrollment
plans (Eccles et al., 1983, Kaczala, Parsens, Futterman, & Meece, 1979). How-
ever, in line with the predictions of our model, self-concept of math ability had
a significant direct effect on expectations, which in turn had a direct effect on
enrollment plans. In addition, using cross-fagged panel analyses on the longi-
tudinal data, we found further support for the hypothesized causal influence of
self-concept of math ability on expectations of future success in mathematics.
Students with the highest seif-concepts of math ability in 1978 had the highest
expectations for success in future math courses in 1979. Thus, it appears that
self-concept of ability is an important mediator of students’ decisions regarding
participation in mathematics. Furthermore, since. high school girls have lower
estimates of their math ability, it is also probable that individual differences in
confidence in one's math ability contribute to the sex differences we ﬁnd in

students’ decisions regarding math participation.

Perceived Task Difficulty

Intuitively, it seems that expectations for success should be inversely related
to the perceived difficulty of the task. While littie research has addressed this
prediction directly, there is ample evidence indicating that task choice is related
to perceived task difficulty {Atkinson & Birch, 1970; Meyer et al., 1976; Weiner,
1972, 1974). However, the relation between these two variables is not straight-
forward. Several investigators (Atkinson, 1964; Kukia, 1978; Meyeretal., 1976,
Weiner, 1972) have suggested a curvilinear relationship between perceived task
difficulty and task choice. Maehr has suggested that this analysis applies only
to a limited set of achievement circumstances, namely, those that might be labeled
recreational (Maehr, 1978). For inherently difficult tasks with important future
implications, such as achievement in math courses, our model predicts that
perceived task difficulty will be negatively related to participation plans.

The few studies testing this prediction in the area of math achievement have
rot shed much light on this debaie and have, in fact, yielded conflicting results.
For example, a cross-cultural study of math achievement did not find any relation
between the perceived difficuity of math and actual achievement (Husén. 1967).
Stallings and Robertson (1979), in contrast, found perceived difficulty to be the
most important variable in discriminating between girls who planned to continue
in math and those who did not.

While few studies have tested for sex differences in perceived task difficulty,
those that have find that junior and senior high school girls rate mathematics as
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maore difficult than their male peers. (Brush, 1980; Eccles et al., 1983; Heller
et al., 1978). The consistency of this pattern suggests that girls’ perceptions of
task difficulty may be interfering with their participation in mathematics. Few
studics have tested this hypothesis directly. But there are data in the general field
of achievement suggesting that girls are more likely than boys to avoid tasks
which have been designated as difficult (Stein & Bailey, 1973, Veroff, 1969).
In a test of the hypothesis, however, we did not find a direct relationship between
students’ math enrollment plans and their estimates of the difficulty of either
their current or possible future mathematics courses. lnstead, estimates of task
difficuity had their major influence on math participation through their influence
on students’ expectations for success and the subjective value they attached to
mathematics (Eccles et al., 1983: Futterman, 1980; Parsons. et al., 1980). Since
girls think mathematics is more difficult than boys, these findings suggest that
girls” perceptions of the difficulty of mathematics work in conjunction with their
low self-concepts of math ability to lower their expectations for success in those

future courses.

Attributions

According to several theorists, it is not success or failure per se, but the causal
attributions made for these outcomes that influence future expectations (Frieze,
Fisher, Hanusa, McHugh, & Valle, 1678, Heider, 1958; Weiner, Frieze, Kukla,
Reed, Rest, & Rosenbaum, 1971). Several studies have provided indirect support
for this general hypothesis (Dweck, 1975: Dweck & Reppucci, 1973). The causal
nature of this relation, however, has come under recent scrutiny {(Covingion &
Omelich, 1979a). Based on their findings, Covington and Omelich propose that
expectancy shifts are caused by students’ initial self-concepts of ability rather
than by their attributions. While in basic agreement with Covington and Omelich
on the importance of self-concept of ability, our mode! maintains that attributions
do have a causal role in determining achievement expectations. Extending the
argument originally advanced by Weiner et al. (1971) into a developmental time
frame, we hypothesize that attributions, particularly attributions to ability, play
a critical role in the formation of self-cancept of ability. To test this hypothesis,
Futterman (1980) used causal modeling procedures to estimate the relations
among self-concept of math ability, expectations for success in mathematics,
and atiributions of success and failure to one's math ability. In support of our
hypothesis, he found that the attributions of success and failure to one’s math
ability had a direct effect on self-concept of math ability and not on expectations.
Thus, it seems probable that attributions play a mediating role between actual
math performances and the confidence individuals develop in their math abifity.

Throughout the attribution literature, sex differences in response o success
and failure are noted. But these differences are neither very large nor are they
consistent across various tasks and attributional measures (sce Eccles et al.,
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1983, for review). To the extent, however, that girls and boys differ in their
attributional pattern, girls are more likely to exhibit what has been labeled the
low expectancy pattern, and their achievement behaviors have been found to
suffer as a consequence {(Crandall, Katkovsky, & Crandall, 1965: Dweck, §975:
Dweck & Reppucci, 1973; Feather & Simon, 1973, McMahan, 1973; Nicholls,
1975). In particular, girls are more likely than boys to take personal responsibility
for their achievement-related failures and. consequently, to lower their expec-
tations when faced with failure (Crandall, 1969; Dweck & Bush, 1976: Dweck
& Goetz, 1978:; Parsons, Ruble, Hodges, & Small, 197¢).

A similar pattem has emerged in studies focusing on mathematics. Girls rate
the importance of lack of ability as a causc of their poor performances higher
than boys. Moreover, they are less likely than boys to credit their math successes
fo their ability (Dornbusch, 1974; Eccles et al., 1983 Fennema, in press: Heller
et al., [978; Parsons, Meece, Adler, & Kaczala, [982). Again, it should be
noted that these differences are quite small and that lack of ability is not rated
as the most important causal attribution for math failures by either boys or girls.
Lack of ability is typically ranked quite fow in relation to other possible causal
attributions (Parsons, et al. 1982}, Thus sex differences in use of the abifity
aftribution seem a likely mediator of the sex differences in math-related expec-
tations. In a study using path analytic procedures, Parsons (1980) reported a
pattern of results consistent with this hypothesis. Additional studies directly
assessing the causal role of ability attributions are badly needed.

Another interesting sex difference has emerged in studies of math attributions
(Wolleat, Pedro, Becker, & Fennema, 1980; Parsons et al., 1982). Girls rank
skill, diligence, and/or effort as more important causes of math success than
boys. This difference may have important implications for students’ decisions
regarding future involvement with mathematics. Girls who view consistent effort
(or skill and knowledge generally acquired through consistent effort) as an im-
portant determinant of success in mathematics may have lower expectations for
their future success precisely because they think future courses will be even
more difficult, demanding additional effort for continued success. The amount
of effort a student can or is willing to expend has limits and if a student already
thinks she is working very hard to do well in math, she may conclude (a) that
her performance will deteriorate in these more difficult math courses because
she is trying as hard as she can at present or (b) that the amount of effort
necessary to continue performing well is just not worth it. For some students,
either of these beliefs would be sufficient justification to avoid both future ad-
vanced math courses and math-related careers. The same fimits would not apply
to students who view ability rather than effort as the relatively more important
determinant of success in math. High levels of math abihity should guarantee
continued success with little or no increment in one’s efforts. If this analysis is
valid, then girls’ expectations for success in future courses should be lower than
boys’ even though their expectations for performance in their current courses
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are cquivalent. In support of this hypothesis, girls in our studies have lower
future expectations than boys, but have equivalent expectations for success in
their current math courses (Eccles et al., 1983 Heller & Parsons, 1981).
Closely refated to attribution theory is the work on locus of control and learned
helpiessness. Drawing on the work of Crandall {1969}, Crandall et al. (1965)
and Selipman (1975), Dweck (1975) introduced the concept of academic learned
helplesstiess to describe children who assume they cannol control their successes
and failures and who give up when confronted with failure. Recently, Dweck
and Licht (1980) have extended this work to the domain of mathematics, sug-
gesting that the sex differences in the occurrence of learned helpless behavior
may be responsible for sex differences in math achievement behaviors. While
the atiributional results described above provide seme support for this position
(girls do rate the importance of lack of ability higher than boys as the cause of
their mathematical faijures), other measures of learned heiplessness do not yield
the sex difference suggested by Dweck and her colleagues. For example, Fen-
nema (in press), Parsons, et al. (1982), and Kaczala et al. {1979) found that
girls are more, rather than fess, likely than boys to attribute their math successes
and failures to effort. Employing this criterion, girls appear to be less fearned -
helpless in math than boys. Similarly, in a recent study, using a measure of
behavioral response to mathematical failure that included a drop in both per-
sistence and accuracy as the criterion for classifying children as learned helpless
or mastery oriented, over 90% of the children classified as learned helpless were
boys; only 4 girls out of a sample of 120 children exhibited what could be
considered a learned helpless response to failure feedback on mathematical prob-
lems (Parsons, [980). These results do not seem surprising, given that girls do
just as well, if not better, than boys in their mathematics courses. Thus, while
attributional differences may be a critical mediator of sex differences in attitudes
toward mathematics, these effects do not appear to be associated directly with
the phenomenon of learned helplessness. More research, however, is necded

before this issue is fully resolved.

Gender Role Stereotypes

Cognitive-developmental theorists suggest that children’s self-concepts are
derived in part from their interpretations of the attitudes and behaviors of those
around them. Gender role structure and gender stereotypes are two particularly
salient components of children’s social world. Consequently, gender role beliefs
and stereotypes may influence the development of children's self-concepts and
their perceptions of the value of various activities and expectations for success.
Research has provided some support of this hypothesis. First, by age 5, children
have developed clearly defined gender role stercotypes regarding appropriate
behaviors, traits, and even expectations (Wiiliams, Bennett, & Best, 1975).
Second, children do appear to monitor their behavior in terms of gender role
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labels. For example, in one study (Montemayor, 1974), the performance levels
of first and second grade children were directly influenced by the gender role
labeling of the task.

Unfortunately stereotypes, especially gender role stereotypes, are not vale-
free. Ample evidence indicates that women are stereotyped as less competent
than men, especially in intellectual domains (Broverman, Vogel, Broverman,
Clarkson, & Rosenkrantz, 1972; Deaux & Emswiller, 1974: Feldman-Summers
& Kiesler, 1974). In addition to their beliefs regarding the gender role appro-
priateness of a variety of more neutral traits, children also incorporate these
sexist cultural sterotypes (Kohlberg, 1966). If, as cognitive-developmentalists
arguc, stereotypes influence children’s developing seif-concepts, then incorpo-
ration of the cultural gender role stereotypes could well result in girls having
lower seif-concepts of their intellectual abilities than boys. In support of this
prediction. elementary school-aged girls rated both their abilities and their out-
comes lower than boys on a concepl learning task even though they had actually
performed better on the task than boys {Parsons, Ruble, Hodges, & Small, 1976).

But what about mathematics? Adults stercotype boys as having more math

~ability than girls (see later discussion). By junior high school boys also rate

themselves as having more ability in mathematics than girls despite the fact that
girls and boys perform equally well in their mathematics classes during both the
elementary and the junior high schoof years. While these findings provide initial
support for the hypothesis that gender role sterolypes have a debilitating effect
on girls’ expectations for success in mathematics, the hypothesis actually predicts
a relationship between individuals' identification with the stereotype of mascu-
linity and femininity and their expectations for success in mathematics. Ac-
cording to the androgyny models (Bem, 1978; Spence & Helmreich, 1978),
people who see themselves as masculine or androgynous should have higher
expectations for success than people who see themselves as feminine or
undifferentiated.

To test this hypothesis, we correlated students’ responses to a questionnaire
designed to measure self-concept of math ability and expectations for success
in mathematics with their responses to a simplified version of the Personal
Attributes Questionnaire (PAQ) (Spence, Helmreich, & Stapp, 1975). First, we
used the expressive cluster of characteristics {commonly stereotyped as feminine)
and the instrumentality cluster of characteristics {commonly stereotyped as mas-
culine) as separate measures of gender role identification. Consistent with the
findings reported by Spence and Helmreich (1978), expressiveness, or femininity,
was not related to students’ expectations, Instrumentality, on the other hand,
was related positively to both self-concept of math ability and expectations for
success in mathematics.

To test more directly for the combined effects of masculinity and femininity,
we classified students ost their joint scores on the two PAQ scales using the

median split method outlined by Spence et al. {1975). Students’ classifications



Sex Differences in Mathematics Participation 105

as masculine, feminine, androgynous, or undifferentiated had no effect (over
and above the effect of instrumentality noted previously) on either their expec-
tations or their estimates of their math ability.

These results suggest that the incorporation of stereotypic feminine personality
characteristics is not necessarily detrimental to girls’ confidence in their math
abilities. In contrast, incorporation of stereotypic masculine personality char-
acteristics may have a beneficial effect on girls’ math expectations. A careful
inspection of the items in the instrumentality scale suggests that a more general
orientation to achievement rather than gender role identification might underlie
this relationship. Five of the six instrumentality items tap cither confidence in
one’s abilities, persistence in the face of difficulty, or an independent orientation
to work. All of these characteristics have been linked to general achievement
motivation in previous work and, consequently, ought to relate io confidence in
one’s ability to master a difficult subject like mathematics.

Actual Performance

The final variable proposed in our model as a possible mediator of individual
differences in expectations is actual performance on relevant activitics. While
actual performaice in mathematics is predictive of both expectations and related
attitudes, the mediating role of performance differences in accounting for sex
differences in expectations and related attitudes is still an open question.

While the sex differences in tests of quantitative skills arc fairly consistent,
they do not arise until quite late in high school. Among these older adolescents,
boys generally perform somewhat better than gitls on tests of mathematical
reasoning (primarily solving word problems). These boys and girls, however,
perform equally well on tests of algebra and basic mathematical knowledge and
girls occasionally outperform boys on tests of computational skills (Armstrong,
1980; Burnett, Lane, & Dratt, {979; Connor & Serbin, 1980; Educational Testing
Service, 1979; Fennema & Sherman, 1977, 1978; Schratz, 1978; Sherman,
i980a, Starr, 1979; Steel & Wise, 1979). It is important to riote, however, that
in all of these studies achievement differences favoring boys do not emerge with
any consistency prior to the tenth grade, are typicaily not very large, are not
found universally even in advanced high school populations, and are not evident
in course grades. For example, Fennema and Sherman (1977) found a sex dif-
ference in mathematical achievement in only two of the four high schools they
studied; similarly, Schratz (1978) found that the direction of the sex differences
in math achievement varied across ethnic groups.

One important exception to the general developmental pattern associated with
the emergence of sex differences on tests of quantitative skills was recently
reported by Benbow and Stanley (1980} and Fox and Cohn (1980). In a large
sample of highly gified seventh and eighth graders, these researchers found that
buys scored better than girls on the Scholastic Aptitude Test for Mathematics
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(SAT-M). Furthermore, this difference was especially marked at the extreny
upper end of the distribution.

In summary, then, high school age boys typically outperform their femalk
peers on fests of mathematical achievement. In most studies these difference:
persist, although to a lesser degree, even when one corrects for the number o
mathematics courses taken (Annstrong, 1980; Sherman, 1979, 1980a; Starr
1979; Steel & Wise, 1979). Although the pattern of sex differences seems fairly
consistent, it is important to bear in mind that the magnitude of the observed
differences is usually not apparent in general populations of students prior to the
tenth grade and is not evident in course grades. Consequently, since the sex
differences in future expectations for math performance emerge early in junior
high school, it seems unlikely that sex differences in future expectations are a
direct consequence of sex differences in math performance.

This is not to say that expectations and related attitudes are unrelated to one's
performance. Indeed math expectations are sirongly related to actual performance
(Eccles et al., 1983). But a link between actual math performance differences
and sex differences in math expectations has yet to be demonstrated. In fact,
using path analytic techniques, we have found that sex remains a significant
predictor of future expectations even when the effects of past performance in
math are partiailed out (Eccles et al., 1983).

TASK VALUE

As first conceptualized by Atkinson (1964), the value of engaging in a task is
directly related to the degree of difficulty or challenge inherent in the task.
Success at harder tasks was assumed fo have greater value than success at easier
tasks. Research on math achievement has shown, however, that other dimensions
of task value affect achievement behaviors in school settings. Several researchers,
for example, report that students’ perceptions of the usefulness of mathematics
are strongly related to students’ decisions regarding enrollment in mathematics
courses {Armstrong & Kahl, 1980; Brush, 1980; Eccles et al., 1983; Fennema
& Sherman, 1977, Fennema, Wolleat, Pedro, & Becker, 1981; Lantz & Smith,
1980G). 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 {o future career goals (Brush, 1980,
Dombusch, 1974; Eccles et al., 1983; Fennema & Sherman, 1977; Fox. Brody,
& Tobin, 1979; Fox & Denham, 1974; Hilion & Bergiund, 1974; Parsons, et
al., 1980; Sherman, 1980a,b; Wise, Steel, & McDonald, 1979). High school
boys also place greater importance on their grades in mathematics than girls
(Dombusch, 1974). These results point to the importance of a broader definition
of task value and suggest the importance of a fuller exploration of the deter-

minants of fask value.
Recently, several theorists have been elaborating a broader, more individu-
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alistic concept of task vajue {Crandall et al., 1962: Parsons & Goff, 1978, 1980;
Raynor, 1974; Spenner & Featherman, 1978). According to these theorists, the
value of a task is determined both by the characteristics of the task and by the
needs, goals, and values of the person. The degree to which a particular task is
able to fulfill needs, facilitate reaching goals, or affirm personal values influences
the value a person attaches to engaging in that task. Elaborating on the work of .
these theorists, Eccles et al., {1983) suggested that task value can be concep-
tualized in terms of three major components: attainment value, intrinsic value
or interest, and utility value,

In its most basic form, attainment value represents the importance of doing
well on a task and coincides with the conceptualization of attainment value
advanced by the Crandalls (see, e.g., Crandall, 1969; Crandali et al., 1962). In
its broader form, attainment value is related to 4 variety of dimensions, inciuding:
the perceived challenge of the activity and the likelihood that success on the
task will confirm salient and valued characteristics of the self such as masculinity,
femininity, affiliation, power, intellectual competence, and popularity. The per-
ceived qualities of the task determine its value through their interaction with an
individual's needs and self-perceptions. Consider, for example, a student who
thinks of herself as *“smart’* and defines a certain course (e.g., advanced math)
as an inteilectually challenging course that *‘smart"" students should take. For
this particular student, the attainment value of math would be high because
enrolling and doing well in it will affirm a critical component of her self-concept.

Intrinsic or interest value, the second component of task value, is the inherent
enjoyment one gets from engaging in an activity. Some people just like math-
ematics. They enjoy solving mathematical problems. They find mathematics an
aesthetically pleasant or intellectually challenging academic domain. For these
people, the subjective value of math is high and they are intrinsically motivated
to continue their involvement with mathematical activities (Deci, 1975; Krug-
lanski, 975; Lepper & Greene, {978, Nicholls, 1979).

Finally, apart from any feelings of interest or enjoyment, tasks also have utility
value and are undertaken as a means of reaching a variety of long- and short-
range goals. For example, a high school student may want to be a veterinarian
and may need to take a particular course (e.g., calculus or advanced algebra) in
order to gain entry into the appropriate coliege program. Consequently, she may
take advanced mathematics classes, even though she has little or no interest in
math itself. In this case, the desirability of her career goal and the instrumentality
of mathematics in helping her to achieve that goal outweigh her negative or
neutrai attitude toward the subject matter itself. The utility value of math in this
case is high because of its long-range usefulness.

In sum, task value can be conceptualized as a function of both the perceived
qualities of the task and an individual's needs, goals, and seif-perceptions.
Individual differences on these variables are created by differential past expe-
ricnces, by social sterectypes (e.g.. the perception of math as a male domain),
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and by differential information from parenis, teachers, and peers about the im
portance of and/or the difficulty involved in doing well at math. Three cluster:
of variables are particularly important mediators of individual differences is
subjective value: (a) personal needs, global values, and self-schemata; (b) pet:
ceptions of the cost of success: and (c) previous affective experiences with similar
tasks. The role of each of these as a potential mediator of mathematics enrollmen

is discussed below.

Personal Needs, Values, and Self-schemata

A sizable portion of the literature related to the processes of socialization
suggests that a variety of needs and values influence achievement behavior
(Mortimer & Simmons, 1978; Parsons & Goff, 1980; Spenner & Featherman,
1978, Stein & Bailey, 1973; Veroff, 1969, 1977). For example, Parsons and
Golf (1980) argue that individuals develop an image of who and what they are
as they grow up. This image is made up of many component parts including (a)
conceptions of one’s personality; (b) long-range goals and plans related to an-
ticipated adult roles; (c) schemata regarding the proper roles of mothers and
fathers; (d) instrumental and terminal values {(Rokeach, 1973); (e} motivational
sets; and (f) social scripts regarding proper behavior in a variety of situations.

Some parts of an individual’s image are very central or critical to his or her
seif-definition. According to Markus (1980), these are the parts of one’s self-
image that exert the most influence on behavior. For example, if being a good
athlete is a central part of an individual's self-image, then it is to be expected
that this individual will work at continuing to be a good athlete and at projecting
an image to others of being a good athlete. Parsons and Goff (1980) argue that
the degree of influence wielded by values and needs is determined by their
centrality to an individual's self-definition. Specifically, they suggest that per-
sonal needs and values operate in ways which both reduce the probability of
engaging in those roles or activities that are perceived as being inconsistent with
one’s central values and increase the probability of engaging in roles or activities
perceived as being consistent with one’s definition of self.

Gender Role Schemata

Overview
Among the set of all possible values and needs, one need is particularly

relevent to the issuc of sex differences in mathematical participation: the need
to fulfill a set of behavioral prescriptions associated with one’s gender role. Both
Eccles et al. (1983) and Tittle (1981) have suggested that gender roles influence
behavior primarily through their impact on perceived task vaiue. Accerding to
these theorists, individuals for whom gender role identity is a salient part of their
self-definition stereotype specific tasks as being either consistent or inconsistent
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with their gender role. The extent to which a task is either compatible or in-
compatible with one’s gender role is assumed to influence the subjective value
and attractiveness of the task.

Central to this argument is the assumption that gender role identity and the
gender stereotyping of particular achievement activities interact in infiuencing
task value. That is, the gender typing of the task should affect perceived task
value only to the extent that gender role identity is a critical and salient component
of one’s self definition or self-schemata (Markus, 1980; Nash, 1979). Con-
versely, gender role identity should influence task value only to the extent that
the task is gender-typed by the individual. Given both of these considerations,
it is clear that effects of gender typing on task value are complex, depending
not only on an individual's gender typing of the activity but also on the salience
of gender role identity to the individual's self-image. To assess the impact of
gender roles on the value of mathematics, then, we need to consider not only
gender role identity and the gender stereotyping of mathematics, but also the
interaction of these two constructs.

Stereotyping of math.  The influence of gender stereotyping of achievement
behaviors has received considerable attention in the area of math achievement.
The results of these studies are mixed but when math is stereotyped, it is seen
as a male achievement domain by both male and female students. Males, how-
ever, typically consider math to be more of a male achievement domain than
females; females, when asked, do not characterize participation in mathematics
courses of competence in mathematics as unfeminine (Armstrong & Kahl, 1980;
Boswell, 1979; Dwyer, 1974; Emest, 1976; Fennema & Sherman, 1977; Fox,
Brody, & Tobin, 1979, Nash, 1979; Stein, 1971: Stein & Smithells, [1969).
Thus, it is not clear that females stereotype math as inappropriate for them. It
ts even less clear that the gender stereotyping of math is lowering its attainment
value for females. For example, while Fennema and Sherman (1877) found only
a modest relation between stereotyping math as a male domain and mathematics
achievement in grades 9-11, and then only for girls, Sherman (1980b) found
that stereotyping of math as a male domain at grade 8 was not one of the major
attitudinal predictors of girls’ math achievement at grade 11. In contrast, we
have found that stereotyping of math as a male domain increases its subjective
value for both boys and girls in jusior and senior high school (Eccles et al.,
1983}. Thus the relation between the gender typing of mathematics and students’
achievements and course plans in mathematics is neither clearly understood nor

is it likely to be simple.

Self-schemata by task stereotypes. Congruent with the more complex hy-
pothesis outlined earlier, Nash (1979) has argued that the gender typing of
mathematics will have an effect on a girl's participation only to the extent that
maintaining gender role congruence is a central concern to her. In support of
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this. Nash (1975) found that individuals with high levels of masculine gende
identity performed better on a spatial visualization task typically stereotyped a
masculine than individuals with lower levels of masculine identity. The results
however, were not consistent across different measures of gender rofe identity
furthermore, Nash did not assess each individual's stereotype of the spatia
visualization task. Thus, Nash (1979) concluded that a more definttive study o
the interactive effects of gender role identity and the stereotyping of mathematica
skills on the perceived value of math was needed. :

In a study addressing this important issue, my colleagues and I measured bott
the gender stereotyping of mathematics and gender identity and tested the relatior
of individual differences on these two measures to variations in the subjective
value attached to mathematics. Gender typing of mathematics is fairly easy to
measure. Gender role identity, on the other hand, turned out to be very difficuli
to concepiuaiize, much iess to measure. After much deliberation. we decided to
focus on two types of measures of gender role wentity; a measure based on the
endorsement of gender-refated personality characteristics and a measure based
on the endorsement of gender-stereotyped activitics.

We selected the measure of gender-related personality characteristics for two
reasons. First, several theoreticians have suggested the importance of personality
characteristics for achievement choices. For example, Hoffman (1972) has sug-
gested that females’ lower goal orientation, lower achievement orientation, greater
affiliative needs, and greater expressive orientation lead women to have weaker
achievement strivings and to be less self-confident about certain academic tasks
than men. Second, many previous studies in the field of gender role identity
have used one of two personality measures as the criterion measure for gender
rofe identity. We chose the PAQ as our measure. The results based on this
measure will be discussed first. Resuits associated with the second measure will
be discussed in a later section.

To evaluate both gender-typed personality characteristics and the effects of
the stereotyping of math as a male domain on attitudes toward math and course
enrollment plans, we correlated students’ stereotyping of math as a male domain
and their ratings of themselves on a simplified version of the PAQ (Spence et
al., 1975) with a battery of measures designed to assess attitudes toward math-
ematics. The battery included measures of expectations for success, seif-concept
of one’s math ability, intrinsic interest in math, perceived utility value of math,
and plans to continue taking math courses (a measure of continuing motivation
in math). As discussed earlier, instrumentality (the masculine-stereotyped per-
sonality dimension) related to measures of both expectations for success and
self-concept of math ability for both boys and girls. Neither instrumentaiity nor
expressiveness (the feminine sex-typed personality dimension) were related to
the student’s ratings of the value of mathematics. In contrast, the stereotype of
math as masculine was very predictive of its subjective value for both bays and
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girls; stereotyping math as masculine increased its value for both boys (r = .50,

p= .001) and girls (v = .58, p < .001). _

To test more directly for the combined effects of “*masculine’” instrumentality
and “*feminine’” expressiveness, we next classified students as masculine, fem-
~inine, androgynous, or undifferentiated, using the median split method outlined
by Spence et al. (1975). In addition, we classified students according io the
degree of their stereotyping of math as a masculine domain. Three levels of
stereolyping were created: neutral, moderately masculine, and highly masculine,
We used the students’™ gender role classification, the students’ stereotyping clas-
stfication, and their gender as predictor variables in a series of multivariate
contingency table analyses. Self-concept of math ability, perceived difficulty of
mathematics, subjective value of math, estimates of the utility of math for future
goals, and expectations for success were the dependent measures in these anal-
yses. Neither personality classification nor degree of stereotyping of math as a
masculine domain had any significant effect on these dependent measures. These
results suggest that one’s conception of oneself in terms of gender-stereotyped
personality traits is not related to the subjective value one attaches to mathematics.
In addition, these results suggest that one’s attitudes toward mathematics are not
a joint function of one’s gender typing of math and one’s conception of oneself
in terms of gender-stereotyped personality traits.

These findings do not, however, invalidate the significance of a student’s
gender role identity as an influence in course or career selection. As Spence and
Helmreich (1978) have repeatedly argued, the PAQ was not designed as a mea-
sure of gender role identity. What the results do suggest, however, is that the
link between gender-typed personality structures and achievement-related be-

haviors is weak at best.

Career goals and task value. These data also do not support the popular
notion that stereotyping of mathematics as masculine acts as a deterrent to female
math achievement. Yet, the hypothesized impact of the stereotyping of math
continues to be a favored explanation of sex-differentiated math course taking.
H it is not the stereotyping of high school math courses per se that is responsible
for this hypothesized link, how else might gender roles influence student decisions
regarding mathematics? While girls may not be stereotyping mathematics as
exclusively masculine, they may stereotype math-related careers as either mas-
cufine or unfeminine. In support of this suggestion, Boswell (1979) found that
career mathematicians are perceived by both boys and girls as being decidedly
unfeminine and unmasculine. Given this stercotype, it is not likely that girls
wilo are secking out a “‘feminine’” career would aspire to math-rclated occu-
pations. Consequently these girls should rate the utility value of math courses
low. A number of articles have cither reported or summarized distinct differences
tn the carcer interests of males and females, with females preferring occupations
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which require little math (Astin, 1967, 1974; Astin, Harway. & McNamara,
1976, Fox & Denham, 1974; Goff 1978: Hawley, 1971, 1972; Lipman-Blumen
& Tickameyer, 1975; Parsons, 1977: Parsons & Goff, 1980). Further, in a recent
reanalysis of the Project Talent data, Wise (1979) found that a large proportion
of the sex difference in math course enrollment was accounted for by career
interests in the ninth grade.

To the extent, then, that one's future carcer goals influence the value one
attaches to any given subject area, these studies suggest that it is the utility value
of math rather than its gender typing that is mediating sex differences in en-
roilment patterns. In support of this suggestion, perceptions of the utility value
of math and math-related career plans emerge as significant predictors of both
achievement and course plans in many studies (Armstrong, 1980; Brush, 1980;
Ecclesetal., 1983; Fennema, in press; Fennema & Sherman, 1977: Fox, Brody,
& Tobin 1979, 1980; Fox, Tobin & Brody 1979; Fox & Denham, 1974; Parsons,
1981; Wise et al., 1979). The strength of the relationship, however, is still
uncicar. While Brush (1980) found that the perceived usefulness of math was a
refatively weak predictor of course participation in comparison to other predictors
stch as ability level, socioeconomic status, and general feelings toward math,
Eccles et al. (1983), Fennema (1981), Steel and Wise (1979}, and Parsons (1981)
all found that interest in math and its perceived utility value were the major
mediators of sex differentiated participation.

Results from our second measure of gender role identity provide additional
support for the suggestion that it is the range of students’ activity interests rather
than the gender stereotyping of mathematics that influences the subjective value
of mathematics. As a second measure of gender role identity we asked students
to rate how important it is for boys and girls to engage in a variely of gender-
typed activities (e.p., taking care of an infant, shoveling snow, going fishing,
and being interested in makeup). Kaczala (1981) scored a child {a) androgvnous
if he or she felt it was important for the same sex peers to engage in female-
typed tasks, (b} feminine if he or she felt it was only important for the same sex
peers to engage in female-typed tasks, (¢) masculine if he or she felt it was only
important for the same sex peer to engage in male-typed tasks, and (d) undif-
ferentiated if he or she felt it was not imporiant whether a same sex peer engaged
in either type task. Girls whose ideal female was androgynous rated math both
more valuable and more important and rated their math abilities higher than girls
whose ideal female was either gender-typed or undifferentiated. Similarly, boys
whose ideal male was androgynous rated math both more valuable and important
than boys whose ideal male was either sex-typed or undifferentiated. Apparently,
for both boys and girls positive attitudes toward math are associated with an
androgynous ideal for members of their own gender,

We next had the children estimate the frequency with which they themselves
engaged in these same activities. Using a median split procedure similar to that
outlined above, Kaczala (1981) classificd the children as androgynous, mascu-
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line, feminine, or undifferentiated based on the frequency with which they engaged
in masculine and feminine activities. Once again, androgynous girls had more
positive attitudes toward the value of math than feminine girls, In addition, andro-
gynous and masculine girls were the least likely to stereotype math as a masculine
domain. Similarly, androgynous and masculine boys had the most positive views
of their own math ability while feminine boys had the most negative views of both
their own math ability and the difficulty of math. In addition, masculine boys were
the most likely to stereotype boys as having more math ability than girls while
androgynous boys were the least likely to hold such a stereotype.

In summary, then, for both boys and girls a positive attitude toward the vaiue
of math and toward one’s own math abilities was associated either with preferring
an androgynous activity pattern for one’s own gender or with having an andro-
gynous activity paitern oneseif. Being classified as feminine by either of these
criteria was associated with a more negative view of math. For boys only, being
classified as masculine based on one's own activity patterns was associated both
with holding stereotypic beliefs regarding which gender has more math aptitude
and with the beliefs that math is easy and that one is good in math.

These results suggest that having an androgynous, rather than gender-typed,
orientation toward the activities of childhood facilitates girls’ attitudes toward
the value of mathematics as a subject area. It could be argued that it is precisely
these androgynous girls who will consider technical, more scientific, and less
traditionally feminine careers among the various career options open to them.
They will come to the career decision points in their lives with a past history of
engaging in both masculine- and feminine-typed activities, will hold an andro-
gynous activity ideal for their own gender, and will see mathematics as both
interesting and important. This cluster of attitudes should fdcilitate nontraditional
career choices. These relationships, however, remain to be tested.

Personal Values and Life Goals

Sex differences in the subjective value of mathematics could also result from
more gencral personal values and life goals. Several theoreticians have argued
that one’s values and life goals influence the value one attaches to various
activities; activities which are consistent with one’s beliefs will be perceived as
more valuable than those activities which are perceived as being inconsistent
with or unrelated to one’s personal value structure. In support of this argument,
several recent studies have documented a relation between involvement in both
mathematics and science and personal values. For example, Dunteman, Wis-
enbaker, and Taylor (1978) have found that being thing-oricnted rather than
person-oriented predicted becoming a math or science major. Similarly, Fox and
Denham (1974) found that mathematically talented children are relatively fow
on social values and high on theoretical, political, and economic values. In both
of these studies, females were less likely to hold the math- and science-related
values than were males. Thus it seems quite plausible that the sex difference in
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the perceived value of math is a function, in part, of the sex difference in persons
value structure. The strength and causal direction of this prediction has yet t

be tested.

Cost of Success and Failure

The value of a task to an individual is also affected by a set of variables whict
can be conceptualized best as the cost of engaging in the activity. In our model
my colleagues and I conceptualize the influence of cost on the value of an activity
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 activitics, then the valuc
of each activity ought to be inversely related to this cost-benefit ratio. The benefits
of engaging in an activity in terms of fulfilling the need to achieve were discussed
in previous sections. For some individuals, however, the henefits of an activity
may be outweighed by what a person perceives as the psychological “*costs”
assaciated with engaging in that activity.

A person’s perception of the amount of effort needed for success 1S one
particularly important influence on the perceived cost of various achievement
activities. Given that career decisions are not made in a vacuum and that in
many cases students must choose among several equally attractive alternatives,
we have suggested that the perception of the amount of effort needed to do well
in any given career will have a significant impact on career decisions (see Eccles
et al., 1983). To the extent that the amount of effort needed to do weill in
advanced mathematics courses exceeds, for example, the perceived worth of the
outcome, the value of enrolling in the advanced math courses should decrease.
Similarly, to the extent the amount of effort needed to succeed in a math-related
career is perceived to interfere with other salient adult roles {e.g., parenting) the
perceived cost of pursuing such a career should increase.

One factor considered in determining how much effort is worthwhile is the
amount of time lost from other valued activities. For example, tmagine a girl
who likes math, thinks that it is quite difficult, and wants to be chosen for a
leading role in an upcoming school play. To do as well in math as she feels she
should, she thinks she’ll have to do math homework every night. She also believes
that she can optimize her chance of getting a leading role in the play by staying
after school with some friends to practice for the audition. Her parents, however,
will not allow her to engage in extracurricular activities until her homework is
finished. For this girl, math, despite its high incentive value, poses an obstacle
to the achievement of other important goals. Consequently, the value of math
for this girl should be decreased by its high cost in terms of realizing other
important goals. Little research has assessed either the importance of this com-
ponent of task value on students’ decisions or the potential of this component
of task value for explaining sex differences in the choice of math-related courses.
Our own work has provided initial support for its importance. Using cross-lagged
panel analyses, we found that variations in students' estimates of the relative
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worth of the effort needed to do well in math in 1978 predict students’ expec-
tations for their future success in mathematics, their confidence in their math-
ematical ability, their perceptions of the utility value of mathematics, and their
interest in mathematics in {979 (Eccles et al., 1983; Parsons et al., F980).
Clearly, variations in the subjective value of the effort needed to do well in
mathematics are important mediators of the subjective reiative value attached to
mathematics. Additional research, however, is needed before we will understand
nore fully both how this variable affects students’ attitudes and its developmental
OTigins.

With regard to sex effects, we did not find any differences in the perceived
worth of the effort needed to do well in mathematics. However, we were asking
about the worth of doing well in a mathematics course. Girls are noted for the
importance they attach io schooi achievement, especially in the courses in which
they are enrolled. They work very hard and often make better grades than boys,
even in mathematics. Perceptions of the relative worth of the amount of effort
needed to succeed in various careers, including math-related careers, might yield
different results. Unfortunately, few studies have investigated this hypothesis
directly. Two recent studies indicate that many high school- and college-age
women weigh the impact of potential careers on their rofe as mothers and wives
in mmaking career decisions (Parsons & Goff, 1980; Tittle, 1981). These women
do not aspire to careers, and in some cases actively avoid careers, which they
perceive as being too costly in terms of time away from their future families.
Whether the majority of math-related careers are stereotyped as too costly has

yet to be tested.

Previous or Anticipated Affective Experiences

A final set of variables suggested by Eccles et al. (1983) as influencing the
value of achievement activities involves previous or anticipated affective ex-
periences. Achievement activities elicit a wide range of emotional responses
(Hill, 1977). If one had a bad experience with a math teacher at some point,
the negative feelings aroused by the teacher can condition one's perception of
math such that it takes on a negative vaiue or comes to elicit negative feelings.
For example, Tobias (1978) reports several cases in which students’ first occasion
of feeling frustrated with math occurred when a busy teacher answered a secem-
ingly legitimate question with, “*“We haven't got time for that now,”’ or with an
even more devastating response, *That's a dumb question.”’

In recent years math anxiety has emerged as still another explanation for sex
differences in students’ mathematics learning and course selection. Citing an-
ecdotal evidence that more women than men openly admit feeling anxious about
mathematics and enroll in math anxiety clinics, advocates of this perspective
argue that women and men differ in their emotional reactions to mathematics
and that these differences could differentially influence students’ course enroll-
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ment in mathematics (Lazarus, 1974: Meece, {981: Tobias, 1978: Tobias
Weissbrod, 1980).

Although there are only a few empirical studies which directly address affecti
cutcomes of mathematics learning, and these are not entirely consistent, sot
support for this proposal is found in the fiterature. In terms of general affect
responses o mathematics, expressed as a liking or preference for the subje
matter, few differences are evident in boys™ and girls’ responses during
elementary and junior high school years. Sex differences in these variables -
appear after junior high school, with males expressing more positive affecti
responses toward math (Aiken, 1976; Ernest, 1976; Fox, Tobin, & Brody, 197¢
Tuming to more extreme affective responses to mathematics (e.g., anxiety
excessive worty and concern), the view that greater numbers of females a
math-anxious is supported by the few empirical studies which have addresse
the issue (Brush, 1978, 1980: Dreger & Aiken, 1957; Meece, {98 1:; Suinn
Richardson, 1972). But the differences are generally quite small. For exampl
Meece (1981) found that gender accounted for less than 1% of the variance
students’ math anxiety.

These studies have not controlled for the possibility that males might be le:
willing to admit to feelings of anxiety, especially with regard to an area «
achievement which has been viewed as masculine, particularly by males. To t
of use as a causal explanation, not only does the problem of social desirabilit
and defensiveness in assessing math anxiety need to be taken into account, bt
the conceptualization of math anxicty itself necds to be refined. Some critic
suggest that math anxiety may simply reflect a strong emotional reaction t
evaluative situations, which are common in most math classes. In response t
this criticism, Brush (1978) compared students’ ratings of items dealing wit
computational situations with ones dealing with tests and similar evaluatio
situations. As expected, students rated situations in matf involving lests as mor
anxiety arousing, with femnales reporting higher anxiety about these situation
than males. Suinn and Richardson (1972) found that many students reporting
feclings of anxiety about math did not indicate that they had similar anxietie;
for other learning situations. Thus for some children math anxiety may reflec
a generalized fear of failure or test anxiety while for other children math anxiely
appears to reflect a very specific affective response.

Taking the methodological and theoretical limitations into consideration, i
does appear that females have more negative feelings toward math than do males
This has led several researchers o argue that females avoid mathematical courses
because they feel uneasy or anxious about math. A few studies have examined
this hypothesis and have shown that students who score high on math anxiety
raeasures are less likely than students with lower scores to take advanced or
optional course work in mathematics or to choose quantitative college majors,
such as those in the physical sciences (Brush, 1978, {980; Sherman & Fennema,
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1977). Given that woien typically score higher on these measures, this would
lend support to the argument underlying rescarch in this arca.

Additional research is needed to assess the relative predictive value of anxiety
in students’ course selection, Using causal modeling procedures, Brush (1980)
found that when other affective and attitudinal variables are controlled, anxiety
does not predict students’ enrollment in physical science courses. Anxiety ap-
peared to have its effect primarily as a mediator of other variables more directly
linked to students’ course selection, such as how much they expect to like the
course and how well they expect to do. It is interesting to note, though, that
anxiety had a stronger impact on girls’ judgments about liking and performance
than on boys’. Consequently, anxiety may play a more influential role in women’s
academic choices. In support of this conclusion, Parsons (1981) found math
anxicty to be a major mediator of sex differences in both mathematics achieve-
ment and course plans. Clearly, the impact of math anxiety on students’ course
enrollment decisions needs further clarification.

Summary

My colleagues and 1 have proposed that task value is a critical mediator of
achievement-related behaviors which, in the finaf analysis, interacts with ex-
pectations to influence achievement behaviors. In this section I have discussed
the numerous factors which might influence the value attached to mathematics
by individual students. In an earlier section I discussed the factors which might
influence students’ expectations of success in mathematics. In both sections I
argued that there is evidence to suggest that sex differences in the pursuit of
mathematical studies and careers are mediated by sex differences in the variables
associated with expectations and subjective task value.

More central to the issue of sex differences in math participation, however,
is the question of whether or not these differences mediate sex differences in
students’ motivation to seek out advanced training in mathematics. To answer
this question, we gave approximately 350 junior and senior high school students
and their parents and teachers a battery of attitudinal questions designed to assess
most of the concepts discussed thus far. The battery was readministered to the
students I year later. We then entered our subjects’ responses into a path analysis.
The results of this analysis are depicted in Figure 2. As can be seen, students’
motivation to continue taking math is predicted most directly by their estimate
of the value of mathematics courses and their math anxiety. Students’ grades,
on the other hand, are most directly predicted by seif-concept of ability. (Factor
analysis of our items indicated that current expectations and students’ estimates
of their math ability loaded on the same construct. Consequently, for this path
analysis current expectations and estimates of math ability were combined to

form the self-concept of ability measure.)
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The path analytic results also point out the importance of mothers as critics
socializers of sex differences in children’s math attitudes and achievement. Moth
ers’ estimates of the difficulty of math for their children have a stronger impac
on students’ attitudes than the attitudes of either teachers or fathers. Furthermore
mothers believe that math is harder for their daughters than for their sons. I
contrast, while teacher beliefs are also predictive of student beliefs, the teachers
attitudes are not sex differentiated. These results sugges! that exposure to moth
ers’ gender-stereotyped beliefs has a debilitating effect on girls” orientation to
ward mathematics.

Although it could be argued that mothers’ beliefs refiect a true difference
between boys and girls in math aptitude, the following additional results sugges
that this is not the case. First, girls and boys in this sample had equivalent matt
grades and standardized math test scores at the start of the study. Second, wher
asked how much math homework they do, the boys and girls reported equivalen
amounts. Third, the teachers’ estimates of these students’ mathematical ability
did not differ for boys and girls. This pattern of results suggests that the sex
difference in mothers’ beliefs is not grounded in reality but rather reflects the
cultural gender stereotype that math is more difficult for girls.

When the zero-order correlations between boys' and girls’ estimates of the
value of mathematics and objective indicators of their mathematicai ability are
compared, another set of interesting differences emerges (see Table 1). Boys’
estimates of the value of math are significantly related to their past math per-
formance (r = .33, p < .0l) and to both their teachers’ and parents’ estimates
of their math ability (r = .33, p < .0F, r = .28, p < .01). In contrast, girls’
estimates of the value of math are not significantly related to any of these three
measures (r = .06, r = .03, and r = .06, respectively) but are significantly
related to both their plans to continue enrolling in math courses and their math

grades | year later. In addition, girls’ estimates of the value of math are related

to their stereotypes of math as masculine, (r = .58, p < .01), to their career

42, p < .01}, and to their parents’ beliefs regarding both the im-

plans (r =
pottance of math courses (r = .24 p<<.01) and the difficulty of mathematics

(r = -.27, p << .01). Interestingly, as noted earlier, stercotyping math as a male
subject area increased its value for the girls. Otherwise, the patiern of relations
is as one would expect; girls who are planning careers in science and whose
pareats think math is both not too difficult and very important rate math as more
valuable than girls who are planning careers in nonscientific and nontechnical
fields and whose parents think math is both very difficult and not very important.

Thus, it appears that social {actors, independent of real math aptitude, are
more likely to influence girls’ perceptions of the value of math than they are to
influence boys' perceptions. These data suggest that gender roles may be shaping
the value girls attach to various career-related activities such that they are less
likely than boys to pursue both mathematical training and mathematical careers.
What might these social forces be? It is to this issue that I now turn.
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SOCIALIZATION

Several researchers have proposed that sex differences in math achieveinent an
course selection can be explained by differential socialization experiences o
boys and girls. Specifically, these researchers have proposed that the behavior
and attitudes of teachers, parents, and counselors determine, to a large extent
the sex differences in mathematics. Attitudes held by these socializers, it it
argued, reflect cultural stercotypes regarding not only the natural supcrority o
males” mathematical abilities, but also the differential utility of mathematica
skills for boys and gitls {Casserly, 1975; Eccles et al., 1983; Fennema, 1974
Fox, Tobin & Brody, 1979; Jackiin, 1979; Nash, 1979). These stereotypes are
assumed to influence socializers’ behaviors and attitudes which, in turn, arc
assumed to undermine girls® confidence in their math ability, girls’ motivation
to perform well, girls” acquisition of appropriate math-related skills, and girls’
motivation to seek out a math-related career. The following three sets of hy-
potheses have guided most of the research on the effects of socialization on girls’
math attitudes and behaviors: (a) male and female socializers differ in their
attitudes and behaviors toward math and thus create differences through their
power as role models; (b} socializers have different expectations and goals for
boys and girls which are conveyed through a variety of direct and indirect means;
and (c) socializers provide or encourage different activities for their children

that, in turn, train differing skills and interests.

Modeling Effects

Experimental research has established the importance of adults’ behavior as
a standard or model for children’s behavior. The process of “‘observational
learning™* has been suggested as one mechanism by which children absorb a
variety of social norms, particularly those associated with gender rofes (Bandura
& Walters, 1963; Maccoby & Jacklin, 1974; Parsons, Adler & Kaczala, 1982).

There are several ways in which models could be influencing children's at-
titudes toward mathematics. Since parents and teachers are themselves males or
females, they might influence students’ behavior by simply engaging in different
activities. Ernest (1976) reported that after sixth grade fathers are more likely
to help their children with their math homework than mothers: similarly, Fox
(1977) has reported a tendency for more advanced mathematics courses to be
taught by males. This underrepresentation of appropriate female role models
could discourage some girls from engaging in activities involving mathematics
during the high school years. The success of several recent intervention programs
in increasing female math participation through exposure to female models sup-
ports this line of reasoning (Brody & Fox, 1980; Tobin & Fox, 1980). Additional
evidence is provided by the reports of female mathematicians, engineers. and
girls aspiring to these math-related careers. With great regularity these women
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stress the impact of salient, supportive models in the development of their career
plans (Boswell, 1979, Casserly, 1975).

Parents and teachers might also influence children’s beliefs through the mes-
sages they provide regarding their beliefs about their own abilitics. If men and
women differ in their estimates of their own math abililities and competence,
then boys and girls may incorporate these differences into their beliefs about
their own abilities. While relevant research is sparse, Aiken (1970) cited data
indicating that female student teachers have lower estimates of their math ability
and openly admit they are less comfortable teaching math than their male peers.
Similarly, we (Parsons, Adler, & Kaczala, 1982) have found that college-edu-
cated mothers are less interested in math and hold a more negative view of their
muath abilities than college-educated fathers.

If young girls model their behaviors after these important socializers, then
this differcnce, coupled with the general lack of salient female role models with
mathematical orientations, could lead girls to have more negative views of both
their own math competence and the value of math than boys. Tests of this
hypothesis, however, are virtually nonexistent. In a study designed to assess the
impact of parents’ self-perceptions on children’s attitudes toward math, we (Par-
sons, Adler, & Kaczala, 1983} found no significant association between parents’
related self-concepts and either children’s confidence in their math ability or the
value they attached to math. Further, the relative amount of math done by mothers
and fathers also appeared {o have little effect on either childrens’ math attitudes
or their career plans. Parent expectations for their children, however, were found

to be important.

Socializers’ Expectations and Related Behaviors

The expectations parents and teachers hold for specific children are another
possible source of influence on children’s performance on a variety of situations.
Although considerable criticism and controversy followed early studies of ex-
pectation effects (Rosenthal & Jacobson, 1968), subsequent studies have pre-
sented convincing evidence that teacher expectations are related to both teacher
and student behaviors in the classroom (Brophy & Good, 1974; Cooper, 1979).
It should be noted, however, that these effects are generally quite small and are
more likely to solidify differences already in existence than create the differences
in the first place (Cooper, 1979). Nonetheless, teacher expectancy effects exist.
Similarly, throughout the achievement literature, parental expectations have been
linked to both the achievement motivation and behavior of their children (Cran-
dall, 1969; Rosen & D’Andrade, 1959, Winterbottom, 1958).

if the expectations of parents and teachers can infiuence children’s attitudes
and behaviors as these studies suggest, then the degree io which parents and
teachers hold different expectations for boys’ and girls’ performance in mathe-
matics is an important factor to consider. Several studies suggest that parents
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and teachers have higher educational expectations for boys than girls (Gooc
Sikes, & Brophy, 1973; Hilton & Berglund, 1974; Secars, Maccoby, & Levir
1957). However, these biases do not emerge with any consistency until th
adolescent years. In fact, when differences are reported for elementary schoc
samples, parents and teachers generally expect girls to do better than boy
(Cooper, 1976; Maccoby & Jacklin, 1974},

Few studies have directly measured the actual expectations that parents an
teachers hold for math achievement in particular. Surveying a small sample o
elementary and high school teachers, Emest (1976) reported that 41% of th
teachers felt that boys do better in mathematics and none believed that girl

~outperform boys. Furthermore, several researchers have found that parents an
teachers hold different expectations of the potential adult math-related achieve
ment of boys and girls (Casserly, 1975; Haven, 1971; Luchins, 1976). Simifarly
we have found that, in comparison to parents of sons, parents of daughters thini
that math is more difficult for their children and that their daughters have
work harder to do well in their mathematics courses (Parsons, Adler, & Kaczala
[982). However, the parents in our study neither had lower expectations fo
their daughters” mathematical performance nor rated their daughters’ mathe-
matical ability as any lower than their sons’. Similarly, in another study we
found that math teachers in the fifth through ninth grades had equally high o1
higher expectations for their female students than for their male students (Parsons,
Kaczala, & Meece, 1982). Finally, in the Ernest study noted above, 59% of the
teachers did not expect boys to do better in math. Thus it appears that the gender
stereotypes held by parents and teachers are small, are not universal, but tend
to favor boys when they are present.

While there is some support for the suggestion that parents and teachers have
different math-related expectations for boys and girls, the mechanisms by which
these expectations are conveyed to children are not well understood. Research
designed to assess the mechanisms of transmission have not yet provided any
definitive answers. There is undoubtedly a variety of direct and indirect means
by which children learn what others expect of them. Paitemns of reinforcement,
evaluative feedback for children’s math performances, and direct mathematical
instructions are three means that have been studied in recent years.

Research suggests that parents may convey differential expectations by offering
more explicit rewards and reinforcements for learning math to their sons than
their daughters (Astin, [974). Other studies show that girls are less likely than
boys to be encouraged by parents and ceunselors to pursue math-related careers
and to earoll in advanced level math courses (Casserly, 1975; Haven, 1971;
Luchins, 1976; Parsons, Adler, & Kaczala, 1982). For example, Haven reported
that 42% of the girls who were interested in math-related careers indicated that
they had received no encouragement from their counselors to take advanced
mathematics courses. Furthermore, in the Haven study counselors openly ad-
mitted discouraging girls from taking these courses, citing reasons that reflected
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their stereotyped view of appropriate adult roles and math abilitics. They be-
licved, for example, that a low grade in math would hurt a girl’s otherwise
excellent school record or that careers in the sciences were oo demanding for
women. Similarly, we found that parents, especially fathers, were more likely
to stress the importance of taking social science and humanities courses to their
danghters and to stress the importance of advanced mathematics courses to their
sons (Parsons, Adler, & Kaczala, 1982).

Parsons, Ruble, Hodges, and Small (1976) also suggested that parents and
teachers may convey differential expectations by the attributions they make for
their sons’ and daughters’ math performance. While Dweck, Davidson, Nelson,
and Enna (1978) found that teachers are more likely to attribute fourth and fifth
grade boys’ failures to lack of effort, the frequency of these attributions was
very low and the attributions were not assessed in math classrooms. We did not
find any studies which assessed parental attributions for math performance. But,
if the parental beliefs uncovered in our study translate into attributional state-
ments, then our findings suggest that parents will be more likely to attribute their
daughters’ success in mathematics to hard work and effort than their sons’. This
result certainly matches well with our finding that the girls themselves are more
likely to attribuie their math success to effort than are the boys. But the causal
link between parental attributions and the gender differences in the students’
attributions has not been tested.

Extensive observations in classrooms have led several investigators to conclude
that the quantity and type of teacher instruction differs for boys and girls. In
general, teachers tend to interact more with boys than girls, especially in math-
ematics and science classes {Bean, 1976: Becker, 1981; Brophy & Good, 1974:
Leinhardt, Seewald, & Engel, 1979; Stallings, 1979). Both Fennema (1981) and
Parsons, Kaczala, & Meece (1982) found that the student-teacher interaction
patterns are affected by both students’ ability level and gender; high math ability
boys often receive more praise for their achievements and more total interaction
than high math ability females. The actual quantity of formal teaching is also
influenced by the students’ gender (Bean, 1976: Becker, 1981, Leinhardt et al.,
1979}. For example, Leinhardt et al. found that as early as second grade, when
basic skills are being taught, boys get more math instruction than girls. Based
on multiple observations of math instruction periods, they concluded that over
the course of an academic year, boys could receive as much as 6 more hours of
instruction than girls. Although secmingly inconsequential, it is quite possible
that the cumulative effect of this difference in formal education over the course
of the elementary school years is very significant.

Some evidence suggests that boys and girls receive different types of evaluative
feedback in response to their achievement efforts. For example, Dweck et al.
(1978) compared the frequency with which boys and girls received either praise
or criticism for three types of behavior: their conduct, the quatity of their aca-
demic work, and the form of their academic work (e.g., its neatness). Boys
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were more likely to be criticized for their conduct or neatness than for the
academic content of their work; in contrast, gisls were more likely to be criticizec
for incorrectness of their academic work than for its neatness or for their conduct
In addition, boys were most likely to be praised for the academic work whereas
girls were most likely to be praised for their conduct or the neatness of theil
work. Finally, as noted above, these teachers explicitly attributed academic
failures to a lack of motivation or effort six times more often for boys than for
girls. Dweck et al. (1978) suggested that this pattern of differcnces in evaluative
feedback to boys and girls should increase boys’ confidence in their ability to
master intellectual tasks. Girls, on the other hand, should be less certain of their
inteflectual abilities precisely because they have been praised for their conduct
and neatness rather than for their academic performance.

To support their suggestion, Dweck et al. (1978) demonstrated that the male
pattern of feedback does produce greater confidence. Thus, if such z difference
in the patterns of teacher feedback exists in math classes, then it could be argued
that teacher feedback contributes to the sex differences in attitudes toward math-
ematics. Recent studies, however, have not supported Dweck s findings in either
math classes or general elementary school classes (Blumenfield, Bossert, Ham-
ilton, Wessels, & Meece, 1979; Fennema, 1981 Heller & Parsons, 1981; Par-
sons, Kaczala, & Meece, 1982; Swarthout, 1980). These new studies suggest
(a) that teachers give very little work criticism, (b) that teacher criticism is
directed almost universally to classroom conduct, (c) that the pattern of evaluative
feedback is similar for boys and girls, aithough boys receive more overall crit-
icism, and (d) that attributional statements are given so rarely that it is difficult
to interpret what their psychological meaning to the students might be.

The picture is further complicated when one considers the few studies that
have actually attempted to relate teacher-student interaction patterns in math
classrooms to student attitudes toward math. Both Heller and Parsons (1981)
and Parsons, Kaczala, & Meece (1982) tested the relation between student-
teacher interaction patterns and students’ estimates of their own mathematical
abilities, the difficulty of math courses, and their plans to continue taking math.
While both studies found a significant relation between teachers’ expectations
for a student (as provided by the teacher on a written questionnaire} and the
student’s estimates of his or her own math ability (even after the effects of the
student’s past grades in mathematics had been partialied out), neither study found
many significant rclations between teacher-student interaction patierns as ob-
served in the classroom and the student’s attitudes or plans. Parsons, Kaczala,
and Meece (1982) did find that when teacher praise covaried with teacher ex-
pectations. the quantity of teacher praise was very weakly but significantly related
to students’ estimates of their math ability. However, this was true only for boys
and only in some classrooms. Thus additional research is clearly needed to
determine how classroom experiences might be undermining girls” math achicve-

ment expectations and performance.
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Differential Experiences

In addition to the more direct socialization effects discussed thus far, parents
and teachers can influecnce children’s achievement behaviors and values by the
types of general experiences they provide or encourage. The provision of different
toys and recreational activities has been linked to the spatial skill differences
between boys and girls discussed earlier. Connor, Shackman, and Serbin (1978)
argued that the spatial skill deficit evidenced by girls is a consequence of their
fack of experience with activities requiring spatial problem solving (e.g., large-
block play, mechanical toy manipulation, and team sports). To support their
hypothesis, they designed an intervention procedure for the preschool years which
produced an improvement in girls’ spatial skiils. Based on the results of their
intervention study, these researchers contend that socializers, especially parents,
do not provide girls with the experiences necessary for spatial skill acquisition.
Studies documenting that parents purchase more mathematical and spatial games
for boys provide further support for this argument (Astin, 1974; Hilton & Ber-
glund, 1974). Training studies provide additional support for the importance of
experience in developing good spatial skills (Burnett & Lane, 1980; Connor,
Serbin, & Schackman, 1977; Goldstein & Chance, 1965).

Several researchers have argued that early independence training may foster
sex-differentiated achievement patterns (Astin, 1967; Ferguson & Maccoby,
1966; Hoffman, 1972; Stein & Bailey, 1973). Specifically, these researchers
emphasize that moderate but not overbearing nuriurance, permissiveness, and
encouragement of independence are important child-rearing practices for facil-
itating the development of achievement striving in girls. With regard to math
achievement in particular, a study of mother-daughter interactions 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 intrusive, offering help, suggestions, and crit-
icism (Bing, 1963). Similarly, Ferguson and Maccoby (1966) reported that both
boys and girls with low math ability were dependent on their parents. While
further research is needed to substantiate these findings, these studies suggest
that parents and teachers may have a subtle influence on children’s math achieve-
ment behaviors by providing or encouraging sex-differentiated socialization

experiences.

Summary

To summarize, the studies reviewed in this section provide strong support for
the hypothesis that socializers treat boys and girls differently in a variety of ways
that might be linked to math achievement and course selection. But only a few
studies have assessed the causal impact of these socialization experiences on
students’ math attitudes, math achievement, and course selection. The results
of these few studies indicate that math behaviors and course selection may be
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influenced by the differential treatment accorded girls and boys. For exampl
encouragement from parents (as measured from parent reports or student ratin
of parental encouragement) has emcrged in several studies as an important facts
in girls” decisions to elect advanced mathematics courses in high school (Am
strong, 1980; Fennema & Sherman, 1977, 1978: Haven, 1971: Luchins, 1971
Parsons, Adler, & Kaczala, 1982). Similarly, Parsons, Adler, and Kaczala (198;
have demonstrated a sirong relation of parents’, especially mothers’, judgmen
of their children’s math ability and the difficulty of math for their child to th
children’s cstimates of their own math ability, their plans to continue takin
math courses, and their actual math grades. These effects hold up longitudinall
and are significant even when the effects of the children's past performance i
matheinatics are partialied out. And finaily, Sherman and Fennema ( 1977) foun
that students’ beliefs regarding their parents’ perceptions of them as learners o
mathematics predicted the students’ intent to take advanced mathematics courses
In many of the studies examining the influence of parents and {eachers, se;
differences on the predictor variables favor males. Thus it secins likely tha
parents and teachers are having a negative impact on girls’ math course taking
It is important to note, however, that the direction of causality in these studie:
is difficult to ascertain. Are socializers’ expectations a reflection of actua
achievement differences or do they cause them? Using a series of cross-lagpec
panel correlational analyses, Crano and Mellon (1978) found that the prevailing
causal direction for teachers was from expectations to academic performance.
Other studies present evidence just as supportive of the notion that student
achievement causes teacher expectations (West & Anderson, 1976). It is likely,
then, that both conclusions are correct. Future studies should examine more
carefully the recursive reiation between expectations and achievement.

CONCLUSION

Throughout this chapter and in other chapters, my colleagues and I have clearly
taken the position that it is important to study modifiable determinants of course
selection and achievement in math. While the model used to guide this review
does not rule out the possibility of biological explanations for sex differences in
math achievement, it does emphasize experiential factors. We believe that in
making decisions to pursue a particular course of study, aptitude is just one
among many influential factors and that the final decision is more likely to be
a consequence of students’ interpretation of reality than of reality iise!f. Ana-
lyzing the problem from this perspective helps clarify some of the inconsistencies
found in the math achievement literature. For example, past research has shown
that girls do as well as boys in math throughout their formative years, yet they
do not expect to do as well and are less likely to go on in math. The extent (o
which boys and girls differ in their interpretation of achievement outcomes
because of the differential information they receive from their social environment
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could, in fact, account for this apparent paradox. The subjective meaning in-
dividuals give an achicvement experience is mediated by causal attributional
patterns for success and failure, the input of socializers, perceptions of the task’s
characteristics, and perceptions of their own needs, values, and role identity.
Fach of these factors plays a role in determining the expectations for success
and the subjective value associated with any particular task and, consequently,
with the decisions regarding that task.

Given the importance of the perceptions of the value of mathematics in shaping
both boys’ and girls' course and career decisions, socializers should do all they
can to point out both the real possibility of a career in a math-reiated field and
the importance of mathematics for a variety of aduit careers. High school students
think about their future roles and make very important decisions, often in the
absence of good information regarding these future roles. Counselors, teachers,
and parents could play a much more active role in encouraging girls to consider
scientific or technical occupations. They could make sure that math-able girls
are aware of their options and of the wide variety of occupations and careers
that would allow them to make use of their math skills. Information regarding
occupations such as psychology, education, medicine and related human services,
environmental engineering, and/or hospital administration which combine wom-
en’s social orientation with their math skills should be made available to high
school girls. Practices such as these would alert more girls to poteatial technical
and/or scientific occupations that might be of interest to them.

The possibilities of integrating these careers with their family plans should
also be discussed. Too often girls may drop their math courses because they
assume that math-related careers are too demanding or because they assume they
will not have to work as adults. Counselors and teachers could do more both to
allay the girls’ fears regarding career and family incompatibility and to alert girls
to the necessity of developing skills which will maximize their carning potential
and work possibilities in future years. Efforts in this direction should increase
the subjective value of math training and, as a consequence, increase the like-
lihood that girls will continue their math training as long as boys do.
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