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Competence in mathematics has long been-i&entified as a critical
skill directly related to educaticnal and occupational choices.
Yathematical skills are important for admission +n many college majors,
for a numrber of professional occupations and'increasingly for
compputerized technical occupations. Yet compared to male students,
faver female students elect to take mathematics be?dnd the minimal
requirenent. While females may Teceive less encouragenent from parants
and teachers, it is not the case that they are being s?stematically
excluded through discriminatory course availability. On the contrary,
all too fregquently females choosz not to take more advanced mathematics
courses (Sherman & Fennema, 1$77: Fennema, Note 1; Pox & Brody, Nots 23
Sells, Note 3.

#hile many researchers have expressed an interest in this problesm,
especially in the effects of attitudes on achievement and course
s2lz2ction in math, thelr research has been seriously limited by a nuamber
of methodological and conceptuazl shortcomings. ©Of major importance is
the lack of an integrative theoretical frapework to guide the selection
of 3 comprehensive set of variables for study and a definition of these
variables in terms of their relevant dimensions. Tn rasponse o this
shortcominqy this paper first briefly summarizes past research on
achievement and course selection in mathematics and then integrates this

rzsearch into a theoretical model for studying students? academic

choices and decisions.






Overview of Pagst Research

Biological factors. A longstandinag explanation attributes sax

differences in mathematics learning and course ‘selection to "true®
ability or -aptitude differences. Basing their argument on the premise
that spatial skills are an important factor in pathematics learning,
several researchers have shown that men and women differ in. their
ability to perfornm spatial problem solving tasks {cf. Maccoby & Jacklin,
1374 ; Wittiqg & Pedersen, 1979).

Recently, this position has been 4udged to have limited
significance in explaining sex differences in math achievement and
course selection. First, thera is some evidence suggesting that early
l2arning =xperiences, rather than biological factors alone, may play an
important causal role (Connors & Serbin, 1978} . Seconi, to the extent
that spatial abilities are linked to mathematics learning aad that males
and females inherently differ in these abllities, then these differ=znces
should be reflected in their early mathenmatics achievement, Hoﬁever,
until the age of twelve or thirteen, girls do just as well as boys, if
not better, on tests of gunantitative skills [Penezma, 1974). It is not
until the adolescent years that boys hegin to outperform girls. By tkis
time other factors such as interest or enjovyment may intervene and

affect students math achievemant,

Socialization Experiences. The differential socialization
axpariances of bovs and girls have also been propased as an explanation
for sex differences in math achievement and course selection. Resear=h

on math achievement has suggested three important #3Ys in which



significant socializers may potentiﬁlly contribute to the observed sex
differences., First, the underrepresentation of appropriate female rols
models in math could be accounting, in part, for the disproportionate
numbers of males and females enrolled in math courses. - Second, because
‘mathematics is one area of achievement comeonly viewved as "mascgulina® in
our culture, socializers may have different expectations and goals for
boys and girls which are conveyed through a variety of direct and
indirect means. In support of this, one study of elementary and high
school teachers, for instance, reported that 41% of the teachers
surveved felt that boys do better in mathematics than do girls, while
none believed that girls outperform bovys (Ernest,1976). Other studies
have docum2ated that females are typically not encouraged by parents and
counselors to pursue careers in math-related fields sach as business,
engine=2ring, mathenmatics, or science (Casserly, Note 5; Haven, 1972;
Lachin, Note 4). A final way in which socializers may affect
mathematics achievement is by providing or encouraging different
activities for their children such as competitive sports or rezreational
gJames that train differing skills and interests.

Fach of the processes alone could produce differences in the
academic choices boys and girls make. Acting in conjunction with one
another, they can exyert a powerful.influence., 3ut the causal
significance of these differential socialization experiences on
student's attitudes and achievanent behaviors has rarely been stﬁdied,
even though research on student's attitudes towards mathenmatics suggests

that this may be an informative line of research to pursue.

Students® attitudes towards pathematics, Based on the premise that

attitudes and valaoes are the primary motivating force behind behavior,



student’s attitudes towards mathematics has been proposed as anocther
major source of sex differences in mathenmatics achievement and course
salection. Consistent with widely held cultural views, several studies
show that high school students sex-type mathematics as a male
achievement domain (Ernest, 1976: Fennema & Sherman, 1972; Pox, 1975,
Stein & Smithells, 1960; Armstrong § Rahl, Note 6). This sex~-typing of
mathematics appears to be reflected in other attitudes that students
hold towards mathematics:
Girls perceive mathematics to be less usafnl for their fautaire
goals and report less interest in the subiect matter than boyvs
do (Fox, 1975; Haven, 197%: Hilton & Berglund, 1971; Sheraman &
Fennema, 1977) .
Girls perceive themselves as having less math ability and
report less confidence in learning mathepatics than boys do
{Ernest, 1976; Fennema & Sherman, 19%77; Fox, 1875: Sherman &
Fennema, 1377; Stein & Smithells, 1960: Tobias, 1978: irastrong
& Kahl, Hote 68).
5irls report math to be more anxiety provoking and that thesy
are more likely to avoid taking mathematics when given the
option than bovys do, perhaps because of its potential conflict
with their sex-role ilentity (Ernest, 1976; Fennema & Sherman,

1577; ®Pox, Tobin & Brody, 1979%9; Robitailie, 1978; Fox % Brody,
Hote 2).

Rlthough sex differences in several attitudinal variables have been
uncoverad, their causal origins and effects have not been adegquately
aldressed. The few studies that have evxanmined this latter issue suggast
that both self-perceptions of math ability ard the perceived usefulmess
of zath for future goals play an important role in determining studznts?
academic choices in mathematics.

In summary, each of these bodies of research have provided insights
ints the nechanisms contributing to students math achievement and course

szlsction behaviors. But because researchers have approached this area



of stuly from a variety of theoretical perspectives and consequently,
have focused their research on a subset of possible causes, there is no
overridisg theme linking together these disconnected findings. &
theoretical framework that integrates these components would provida a
more complete picture of students? academic choices. Given the socio-
cultural context ip which mathematics learning takes place, such a
framewo#k should he comprehensive in its approach to a phencmenon that
is andoubtly influenced by a complex interplay 5f many of the factors
reviewed earlier. It shounld also take into acconnt the
intarra2lationships among the various components, the origins of
individaal differences and the causal links between these compopents angd
subsegquent academic choices. Our theoretical frazmework was designed

with these concerns in mind.

Overview of Theoretical HModel

The theoretical model underlying this research project builds upon
the expectancy/value models of achievement behaviors advanced by
Atkinson (1974), Crandall (1969), and Weiner {1974y. As figura2 1 shows,
Wwe propose that students' decisions to continue taking mathematics are a
joint function of students? a) expectations for their performance in a
particular math course and, b} perceptions of the importance or
incentive value of taking mathematics. Pigure 1 31so shows that these
variables are, in turn, assumed to be influenced by students?® goals and
their concepts of both their own math ability and the task demands.
Individual differences on these attitudinal variables are further
assumed t5 result fror students' perceptions of the beliefs of major

socializers, the students' interpretation of their past history of math



performance, and the students' perception of appropriate behaviors anrd
goals.

Returning to the major coampoments of cur model, sxpectancy and
value, T would like to discuss in a little more detail the mediators
just described and their proposed relation to students’ sxpectancies,
values, and acadeasic choices. PFollowing this, I would like %o briefly
ontline the untility of this conceptualization for explainiang the origins
of individual differences in general achievement behaviors, with
particular attention given to sex differences in course selection in

mathematics.

Ry adolescence students'! achievement sxpectations are clearly
related to their general achievement performances. 1In the case of math
achievement, studiss using measures of confidence in learning
mathematics, a conceptually related variable, have reported a similar
link (Sherman & Fennema, 1977; Armstrong & Kahl, Note 6}. Not -
surprisingly, these studies show that students are more likely to enroll
in advanced mathematics courses when they are confident of their math
nerformance.

Given that achievement expectancies have been denmonstrated to play
an important role in students?! academic choices, we have identifi=zd a
nukber of factors shaping thesz expectancies. ¥ithin our model, we
proposa that expectancies are most directly influenced by self-concepts
of ability and estinmates of the task difficulty. These variables as
#21ll as expectancies are all, in tarn, shaped by a variety of historical

even+s and social factors.



Tt is important to note that our model assumes that the effects of
stulents' achievement histories or socializationr .experiences are
nediated by their interpretation of those esvents rather ﬁhan deterained
hy the events themselves. TPor example, doing well in math is presuneld
to influence one's expectancies to the extent that doing well is
attributed to one's ability. past research has s&own that girls do as
well in math as bovys throughout their formative years, yet they 4o not
axpsct to do as well nor are they as likely to go osn in math. The
extent to which boys and girls differ in their interpretation of
cut-omas because of the differential information they receive from thair
social enviromment relevant to these expectancies could, in part,
ascount for this apparent paradox. For eﬁample, since the female sex-~
role stereotype implies low competency in maany areas of achievement, but
particularly in mathematics, the integration of this belief into gzirls?
s2lf-concepts nav lead them to accept the sterecoytype as a valid
description of "true"® ability differemces. This could, in tursa,
differantially influence males! and females' interpretations of their
math performances and conseguently, their perceptions of themsalvas as
math learners and their math achievement expectancies. Therefore, a
student?s causal attribution for success and failure in math,
socializers expressed attitudes and expectancies for the student, and a

student's perception of socializers' behaviors are all of special

interest +to ounr study.

rAs discussed earlier, researchk on math achievement has identified
stulents'! perceptions of the asefulness of math as an important

determinant of students’! enrollment decisions. Building upon this



research and the work of other achievement theorists, our model proposes
that the value or importance of engaging in a specific achievement task
is &ete;mined both by the characteristics of the task an&'bf the ne=ds,
qoals ard values of the person. The deqree'to which the task is able to
Fulfill nee&s, to facilitate reaching goals or to affirm personal values
detarmines the value a person attaches to emgaging in that task.

T?he broader domain of value can be divided into three comnponents:
attainment value, intrinsic value or interest and uatility value.
Attainment value can be defined as_the importance of doing well in a
task. In its broader form, this component can include a variety of
iimansions, including perceptions of the tasks®s ability to confirn
salient and valued characteristics of the self (e.g., masculinity,
famininityv,conpetence), to provide a challenge, and to offer a forua for
f31filling achievement, power and social needs. We assume that the
perceived gualities of the task interact with an individual's needs and
s21f-percaptions in determining a task?s attainment value. Consider,for
example, a child who thinks of herself as "smart®™ and defines a certain
course , 2.3., advanced math, as an intellectually challenging task that
course "spart" students should take, In this case, the value of
enrolling in such a course would be high because sarolling and doling
wall in it would affirm a critical component of her self-concept.

Tntrinsic or interest value, the second component of task value.
is the inherent enjoyment one gJets from engaging in an activity. o
lina with the suggestions of theorists studying components of intriasic
motivation (e.q., Deci, 1975; Kruglanski, 1975; Lapper & Green, 1978},
w2 hypothesize that the value of the task anad related achievement

bahaviors will increase as the intrinsic value of the task goes up.



Tasks could also have value apart from any feelings of interast or
enjoyment. For exanmple, a high school student may want to bhe a
vaetariparian. In preparation for this career, she may enroll in
advanced mathematics classes, vhile at the same time having little
intearest in math itself. In this case, the desirability of the goal and
the instrumentality of mathematics in helping her achieve that agoal
s>utweighs the student's negative or neutral attitude. The value of math
would be high because it is perceived as instrumental for reaching tha
student’s career goal. Utility value is thus believed to be influenced
hy salient long range goals sach as education, plans and career
aspirations.

Ia sum, W2 are proposing that task value is a3 function of both
perceived qualities of the task and the individual's needs, goals aad
s21f perceptions. Individual differences on thess factors could be
sreated by differential experiences with that or similar tasks (past
successes or failures), by social stereotypes (e.7., math as a male
domainy, by differential information from parents, teachers or pe2rs
about the importance of or the difficulty involved in doing well.
ITntuitively, three clusters of variables seer to be particularly
important mediators of the value students attach to math:

Sex-role idsntity. Specific tasks are identified as either
consistent or inconsistent with one's sex-role identity. Tha
axtent £o which a task is consistent with one's sex-role
identity determines the valuge of that task and ultimately,
whether the individual will 2ngage in that task. <Central to
this lin2 of argument is the assumption that sex~role idesntity
and the sex-typing of particular achievesent activities
interact to influence task value. Sex-role identity would
influence task value only to the extent that the task is
subijectively sex-typed by the individual, which, in turn, would
affect the value of the task onlvy to the extent that sex-role

identity is a critical and salient conmponent of onets self
concept. Given that mathematics and careers invalving math



competency are commonly viewed as male achievement domains,
students' s2x-typing of mathematics and various careers and
students? sex-role idantity may be important scurces of
individual differences in math course selection.

Cost 2f sucgcess and failure. The value of a task to an
individual is also affected by a set of variables whkich can be
best conceptualized as the cost of success or failure. These
variables include the anmount of effort one will have to expend
in order to be successful, the loss of time which could be used
to engage in other valued activities and the psycholeogical cost

of failure to one's self concept.

Previons or anticipated affective experiences. Achievenent
activities elicit a wide ransge of emotional responses. Haay
students report that a bad experience with one teacher resulted
in negative feelings toward future math courses. Thus, to
annderstand the value of various achievement activities, it is
important to consider variations in the affective experiences
students have had with the achievement activities. Variatioas
in these experiences can take two quite different foras: a)
variations in ob-dective events like onef’s history of success
and failure in math and the responses or behaviors of major
socializers and, b) variations created by psychological factors
such as subjective evaluations of the meanina of objective
events, causal attributions and individual differences in
confidenrce or anxiety.

T would like to conclude by sumparizing the relevance of this
theoretical model for explaining sex differencaes in students'® course
sa2lsction in mathematics. The model is built on the assumption that it
is not reality itself (i.e., past successes or failures) that deteraines
childrents expectancies, values and behavior, but rather the
interpretation of this reality that it the important causal determinant.
As mentioned earlier, this could, in part, account for the apparent
paradox of qgirls having lower estimates of their math ability and lower
math achievement expectancies than boys, even though thevy do just as
well in math as boys do during their early school years. Fach chili's
intarpretation of his or her achievement outcomes and future goals are
nadiated by causal attributional patterns for success apnd failure, the

input of socializers, perceptions of their own needs, values and role
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identity as well as.their perceptions of the characteristics of the
task. ©Fach of these factors play a role in deterzining the expectancy
and value associated with a garticular task, which in turn iﬁfluence a
whole range of achievement-related behaviors potentially associated with
that task, such as choice of the activity, intensity of the effort
expended and actual.perfcrménce.

The mpodel also assumes that the decision to take mathematics is
made in the context of a variety of choices aand is guided by core values
such as aChievemént reeds, competency needs, and sex-role values anl by
more utilitarian values such as the importance of aath achiesvenent for
futurs goals. Thus, if a girl likes math but feels that the amount of
effort it will take to do well is not worthwhile because it decreases
the time she will have available for more prefarrsd activities {i.e.,
activities more consistent with her personal valuss), themn she will be
less likely to continue taking math. If a girl stereotypes mathematics
or careers involving competency in mathematics as masculize and not in
line with her own sex-role values, then she will be less likely to value
mathepmatics lsarping and less likely to comtince her mathematical
studies, especially if she does not expect to do well.

Many of the theoretical sredictions presenteé'in this paper have
not been adeguately examined., In coniunction with the other papers
presented in this sym?osium, it is hoped that the theoretical framework
izszribed in this paper will guide and stimulate further research on thz
role of expectancies and task value and their mediators in influencing

academic choice and achievement bhehaviors.
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