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Research on the Women and Mathematics Issue

A Personal Case History

Susan F. Chipman

The history of research on the issue of women’s participation in mathe-
matics provides an interesting case study of the psychology and sociology
of research in the social sciences. Although there had been prior research
on the topic, two key works of the early and mid-1970s sparked a major
burst of interest. They were Lucy Sell’s unpublished study of women at the
University of California at Berkeley (Sells, 1973), “High school mathemat-
ics as the critical factor in the job market,” and Sheila Tobias’s publications
on math anxiety (Tobias, 1976, 1978), the first of them an article in MS
magazine in 1976. The study of mathematics, or the failure to study math-
ematics, came to be seen as a critical barrier to women'’s participation in
a wide range of high-status and remunerative occupations during those
surging years of the women’s movement. Based on a random sample of
freshmen entering Berkeley in 1972, Sells (1973) reported that only 8% of
the females had taken four years of high school mathematics, whereas 57%
of the men had. This report received a lot of attention.

The U.S. National Institute of Education (NIE) responded with plans
for a special grants competition addressing this perceived problem. Back-
ground preparations for this competition were exceptionally thorough.
Three review papers were commissioned to examine existing research
results and opinions concerning major classes of possible influences on
women’s choices to study mathematics or to select occupations requir-
ing mathematical competence: Fennema (1977) reviewed cognitive, affec-
tive, and educational influences; Fox (1977) reviewed social influences; and
Sherman (1977) reviewed possible biological explanations. These papers
were presented at a large, 2-day-long working conference in Washington,
DC, that brought together many people concerned with the mathematics
education of women, in February 1977. A grants announcement was is-
sued (NIE, 1977). The research grants were intended to provide “a better
knowledge base for designing effective educational programs to en-
courage women to enroll in mathematics beyond the minimal school
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2 Susan F. Chipman

requirements.” An important underlying assumption was expressed in
the opening statement describing the research requested by the announce-
ment, “Women’s lower enrollment in the study of advanced mathematics
precludes them from entering a variety of occupations requiring mathe-
matical competence.”

The grants competition was sponsored by an organizational unit called
the Career Awareness Division of the Education and Work Group of the
NIE. By the time the research projects were completed, there had been a
major reorganization of the NIE. I found myself responsible for this re-
search program, and for a planned publication to pull the research results
together, because they had been grouped with all other research on math-
ematics learning, in a division on Learning and Development that I was
chosen to direct. The planned summary publication for the research pro-
gram was to include chapters by each supported researcher as well as a
research synthesis. Although my earlier involvement in the grants compe-
tition had been somewhat peripheral — I had attended the working con-
ference and had served as a reviewer of grant proposals — I chose to take
on the job of synthesizing the research myself, rather than contracting it
out, as originally planned (Chipman, Brush, & Wilson, 1985; Chipman &
Thomas, 1985; Chipman & Wilson, 1985). At the NIE, we were continu-
ing to receive more grants proposals on the topic of women (or girls) and
mathematics than on all other topics in mathematics education combined.
This seemed disproportionate. Mathematics education was not, and still
is not, a well-researched area. Many problems concerning more effective
ways to teach mathematics had not been addressed. It was part of my job
responsibility to define and set research priorities.

In this chapter, I discuss how I have come to understand the women and
mathematics issue since the late 1970s, in all its many dimensions. I have
revisited the issue many times (Chipman, 1994; Chipman, 1996a, 1996b),
sometimes also considering related issues such as participation in fields of
science and technology and the participation of minorities, with separate
consideration of minority women (Chipman & Thomas, 1987). In addition
to these review efforts, I have pursued some research into specific aspects
of the issue: possible test bias (Chipman, 1988b; Chipman, Marshall, &
Scott, 1991) and the impact of mathematics anxiety on choice of major field
and career (Chipman, Krantz, & Silver, 1992, 1995).

As I began the task of synthesizing the set of research grants on women
and mathematics, it seemed logical to first define the problem. It was
then that I noticed a significant omission in the preparation for the grants
competition — there had been no commissioned paper on the demographic
facts of the problem. As the language of the grants announcement made
clear, everyone involved was thoroughly convinced that the problem ex-
isted and that it was serious.

Very quickly, my planned research synthesis chapter turned into two
chapters, a first chapter that outlined the demographic facts of the problem
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(Chipman & Thomas, 1985) and a chapter attempting to synthesize the find-
ings of the research grants (Chipman & Wilson, 1985). I soon uncovered a
major surprise: mathematics has been the least sex-typed of college majors!
By that, I mean that the representation of women among math majors has
been as close to their representation among all recipients of Bachelor of
Arts (BA) degrees as one can find for any field of study. This fact immedi-
ately casts doubt on the idea that mathematics is a particularly problematic
field for women. It was revealed by a readily available and complete data
set, the statistics on earned degrees conferred in the United States that have
been maintained by the National Center for Education Statistics (NCES)
since at least the 1949-1950 academic year. In that academic year, 24% of
all BA degrees went to women and nearly 23% of BA degrees in mathe-
matics went to women. In the 1976-1977 academic year, the last year for
which statistics were available when I did these analyses, 46% of BA de-
grees were awarded to women and 42% of the BA degrees in mathematics.
In publications over the years, I have periodically updated these figures.
My latest update appears in Table 1.1. Note that women'’s share of the
degrees awarded remains high at the BA level (although lagging their re-
cent majority status among BA recipients) and has continued to climb at
the level of graduate degrees. In the early 1980s, I concluded that if there
was any problem concerning women'’s participation in the study of math-
ematics, it seemed to be at the level of continuation to the doctoral degree
and that some self-examination of university math departments might be
warranted. Despite some improvement, this conclusion still seems valid.
Women's level of participation in the study of mathematics itself has been
much higher than their level of participation in other fields that are seen
as math-related, requiring mathematical competence, such as engineer-
ing, computer science, and physics. Thus, it hardly seems plausible that

TABLE 1.1. Percent of Degrees Awarded to Women

BA-All MathBA MA-All MathMA PhD-All Math PhD

1950 24 23
1960 35 27
1970 43 37
1975 45 42 45 33 22 10
1980 49 42 49 36 30 13
1985 51 46 50 35 34 15
1990 53 46 53 40 36 18
2000 57 47 58 45 44 25

Source: The primary source of these data is the Series of Earned Degrees Conferred, National
Center for Education Statistics. Data 1950-1970, as cited in Chipman & Thomas (1985).
Data 1975-1990, as cited in National Science Board, Science and Engineering Indicators — 1993,
Appendix Tables 2-19, 2-25, and 2-27, pp. 272-285. Data for 2000 from Digest of Education
Statistics (2001), http:/ /nces.ed.gov/pubs2002/digest2001/tables/.
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aversion to mathematics is or was functioning as an important barrier to
women'’s participation in those fields. Perhaps the explanation should be
sought elsewhere.

No such complete data were maintained concerning the study of math-
ematics at the high school level. However, at the time of my synthesis
effort, I was able to find a number of large representative data sets. One
of the grants had been to Armstrong (1985) for a National Assessment
of Educational Progress (NAEP) survey of women and mathematics that
was conducted in 1978, taking a nationally representative sample of 1,700
twelfth-grade students. Thirty-one percent of the males and 27% of the fe-
males had taken some variant of the usual 4-year high school mathematics
sequence. Similarly, the 1979 report of the College Entrance Examination
Board (CEEB; Educational Testing Service [ETS], 1979) stated that 64% of
males and 45% of females expected to have completed four years or more
of high school mathematics. Of course, individuals taking the SAT are not
a random sample of all students, but they constitute a large fraction of
students going on to college. More than goo,000 individuals were covered
by that 1979 report.

These data did indicate a sex difference in the study of high school
mathematics, especially in the study of advanced courses such as calculus
or optional courses beyond the standard college preparatory track: those
courses tended to be about 60% male in participation. However, these
differences were not nearly so extreme as most people believed or as Sells
(1973) had reported. About 40% of those who were approaching college
with 4 years of mathematics preparation were women and about 40% of
women were entering college well prepared in mathematics, having taken
the standard 4 years of high school mathematics. (For more details, see
Chipman & Thomas, 1985.)

There were also older data sets that could have better informed the re-
search planning. The National Longitudinal Sample of persons who were
twelfth graders in 1972 showed that about 39% of the males and 22% of the
females had taken 4 years of high school mathematics. Farther back, the
1960 Project TALENT sample showed that 33% of the boys and only 9%
of the girls were taking four years of mathematics. Even so, it would have
been difficult to argue that mathematics was functioning as a barrier to en-
try into math-related careers because only 3% of the girls were planning to
go into math-related careers. Clearly, too, a significant change had occurred
between 1960 and 1972: the percentage of girls studying 4 years of high
school mathematics had more than doubled. The successive CEEB reports
from 1973 to 1979 also showed a slow increase in female participation in
the study of advanced high school mathematics. It seems that a process of
change was well underway by the time the grants competition was initi-
ated. One wonders how the research would have been different if these
facts had been recognized at the time. Why weren’t these facts recognized?
Why weren’t such analyses done in preparation for the grants competition?
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Perhaps it was that the decision-makers and the lobbyists for the research
harkened back to their own school experience in the 1960s, 1950s, and
before and remembered that few girls had been studying advanced math-
ematics in those days or perhaps remembered that they themselves had not
chosen to study mathematics. Although an analysis of the dimensions of
the “problem” seemed like a mundane, standard thing to do when starting
the research synthesis effort, perhaps I asked the question because I myself
had majored in mathematics in college and had attended a high school in
suburban Chicago where many girls had studied advanced mathematics
in the early 1960s. A large social change in expectations for women'’s lives
occurred during those years; undoubtedly some women found themselves
hampered by the educational choices they had made when expecting to
lead very different lives. Analyses of the Project TALENT data (Wise, 1985)
showed that the choice to study advanced mathematics in high school in
1960 was predicted by a girl’s expectation of going on to college and pursu-
ing a career of some sort. In later years, many more girls would have such
expectations. Correspondingly, it seems that by the time the 1998 High
School Transcript Study was done, sex differences in high school math
course participation had disappeared, or even shifted to favor females.
Even calculus was shown as being taken by 11.2% of males and 10.6% of
females; Advanced Placement (AP) calculus by 7.3% of males and 6.4% of
females (NCES, 2001).

In summary, by the time the brouhaha concerning the mathematics
preparation of young women was raised, the “problem” had already di-
minished significantly, and that trend has continued until the present time.
Sells’s highly publicized and influential data were unrepresentative of the
national situation at the time; perhaps her sample size was too small or per-
haps the University of California was atypical. Furthermore, the bare facts,
as well as some of the analyses done in the studies that provided the facts,
cast doubt on the assumptions that were held about the causal relations
between the study of high school mathematics and entry into fields seen
as “math-related.” It might be that the intention to go into a math-related
field, or even the mere intention to attend college, “causes” the study of
advanced high school mathematics, rather than vice versa.

Despite what these facts show, it is obvious that the belief that there is a
large “women and mathematics problem” persists today. One constantly
reads of efforts to “solve” it by offering single-sex math classes and the
like.

INVESTIGATING THE DETERMINANTS OF MATH COURSE
ENROLLMENT AND ACHIEVEMENT

The primary focus of the research grants that NIE awarded was on under-
standing the factors determining enrollments and achievement in advan-
ced high school mathematics. Beyond that, the emphasis was on examining
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variables that might plausibly explain sex differences in math course en-
rollments. A consequence of that concern was a relative neglect of cognitive
variables in the research that was done. Despite the widespread belief that
there are sex differences in some inherent ability to learn and do mathe-
matics, a topic to be discussed later in this section, it was already known in
1977 that sex differences in mathematical ability and / or achievement at the
beginning of high school were negligible and, therefore, had little promise
of explaining the differences in enrollment or choice of occupational field.
Measures of spatial ability were well represented in the research, but mea-
sures of general intellectual ability, or prior mathematics ability and/or
achievement, were not. Affective measures of attitudes related to mathe-
matics, mathematics study, mathematics teachers, and so on, were well rep-
resented. As with demographic facts, the effort to synthesize the results of
the research studies brought out shortcomings in the way the research stud-
ies had been designed to address the question of determinants of course
enrollment. The grant to analyze previously collected, nationally repre-
sentative Project TALENT data (Wise, 1985) revealed that the strongest
correlates or predictors of individual differences in advanced mathematics
course enrollment were measures of cognitive ability, mathematics ability,
or even verbal ability at the beginning of high school, although these mea-
sures did not serve to explain the sex differences in enrollment that were
still large at that time. The sex differences in enrollment then present did,
however, tend to account for the sex differences in mathematics achieve-
ment that were measured at the end of high school. This agreed with Fen-
nema’s (1974) earlier report that sex differences in math course-taking had
an important role in explaining what had tended to be interpreted as sex
differences in inherent mathematical ability. Project TALENT was not de-
signed to examine decisions to enroll in advanced mathematics and science
or the sex differences in those decisions. Consequently, it did not include
measures of attitudes toward mathematics, and did not provide an op-
portunity to assess the relative explanatory contributions of cognitive and
affective variables. This proved to be a problem for the research program
as a whole.

The nature of this problem was evident even within the cognitive realm.
As mentioned above, the best-represented cognitive variables in this re-
search were various measures of spatial ability. It was believed that there
were sex differences in spatial ability and that spatial ability was impor-
tant to mathematics. Intuitively, the capacity to mentally rotate, translate,
and transform objects appears to be important in mathematical thinking,
at least in geometry. Fennema (1977) reported on opinions from the math-
ematical community that support this point of view.

There is a tendency to think that measures of ability have a stronger
theoretical, scientific basis than they actually do. Ability testing and the
definition of abilities has been a pragmatic and empirical technology.
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Performance is sampled within a domain of tasks or situations, in a way
limited by the practical constraints on testing. Statistical techniques, usu-
ally factor analysis, are used to identify tasks that “go together,” have some-
thing in common, and those that seem to be independent of each other. The
hypothetical “something” in common is called a factor, and may sometimes
be labeled an ability, although the technical psychometric use of the term
ability does not always carry with it all the implications of the popular
meaning of ability. For instance, a psychometric ability sometimes consists
entirely of learned knowledge. In the history of cognitive testing, it has
been found that all intellectual performances have something in common:
that is, persons who do well or poorly on one intellectual task also tend to
do well or poorly on other, quite different intellectual tasks. This common
factor has been called general intelligence or “g.” Some relatively recent
research is beginning to show the way to a deeper theory about the nature
of general ability. For example, Carpenter, Just, and Shell (1990) showed,
by constructing computational models of cognitive processes in solving
Raven Progressive Matrices items, and by converging evidence from an-
other task, that individual differences in performance on this well-accepted
measure of general intelligence are largely accounted for by individual dif-
ferences in the number of problem-solving goals that can be managed in
working memory. Intuitively, this characterization of general intelligence
also sounds much like the essence of mathematical ability, as distinct from
learned mathematical knowledge.

Many different tasks, which can be performed with diverse mental str-
ategies, have been called tests of spatial abilities. Various tests of so-called
spatial abilities do not necessarily have high correlations with each other,
as contrasted with their correlations with other kinds of tasks (Lohman,
1979; McGee, 1979). There is no single, unitary spatial ability that these
tests are measuring. Lohman (1979, 1988, 1996) concluded that a consid-
erable proportion of performance on spatial tests, especially complex spa-
tial tests, is explained by variation in measures of general intelligence,
what all tests of intellectual performance have in common. One of the sur-
prises of the effort to synthesize the results of the NIE grants (Chipman &
Wilson, 1985) was that the studies including measures of spatial ability
did not provide any strong evidence for sex differences in spatial abilities,
despite a previous review concluding that this was a reliable cognitive sex
difference (Maccoby & Jacklin, 1974). The nationally representative and
relatively large Armstrong (1979) study even reported a statistically signif-
icant advantage for 13-year-old females on 15 items taken from the Paper
Form Board test. These unexpected results might be due to the tests used
(most often the DAT Spatial Relations test, which requires the examinee to
select the three-dimensional (3-D) shape that will be formed by folding a
two-dimensional (2-D) shape along indicated fold lines), or due to changes
over time affecting the experiential influence on “ability” measures, or
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due to relatively small sample sizes in many of the studies. Psychometric
studies have often had huge sample sizes that make almost any observed
difference statistically significant, even though it may be too small to be
considered practically significant. At the time, the research studies that had
shown substantial sex differences in a spatial ability (Sanders, Soares, &
D’Aquila, 1982; Vandenberg & Kuse, 1979) used a test involving the rota-
tion of objects in three-dimensional space. Indeed, a formal and thorough
meta-analysis of the research on sex differences in spatial abilities done
independently at about the same time (Linn & Petersen, 1985) concluded
that sex differences are found primarily on that type of measure and not
on the other types of measures of spatial ability. Although that review has
been cited more than 400 times in the intervening years, none of the citing
articles is a later review or meta-analysis that would change this picture.
Despite these results undermining the notion that putative sex differ-
ences in spatial ability might explain putative sex differences in math
enrollments or achievement, it is probably worth mentioning that the ev-
idence for a specific contribution of spatial ability to mathematics perfor-
mance, distinct from the contribution of general intelligence, is surprisingly
weak. Smith (1964) and Werdelin (1961) are two of the most frequently
cited references on this point, but neither of them actually provides strong
evidence for a relationship between spatial ability and mathematics per-
formance. Several reviewers of the literature have concluded that no such
relationship has been shown (Fruchter, 1954; Very, 1967; even for geometry:
Werdelin, 1961; Lim, 1963). Fennema & Sherman (1977, 1978) and Sherman
(1980) did report that the DAT Spatial Relations test shows a correlation
of about 0.50 between the DAT score and general tests of mathematical
achievement in a high school population enrolled in college preparatory
mathematics courses. However, the DAT is the type of spatial ability test
that Lohman (1979) characterized as being similar to measures of general
intelligence, and Fennema and Sherman do not provide any evidence for a
specific unique contribution of spatial ability either. In the larger and more
broadly representative Project TALENT sample, there were two measures
of spatial ability, Visualization in 2-D and Visualization in 3-D, but they
were not among the variables having a correlation of 0.20 or higher with
mathematics achievement (Wise, Steel, & MacDonald, 1979). One of the
NIE studies that emphasized spatial ability provided an intriguing pat-
tern of results. Stallings (1985) used the DAT and course-specific tests of
mathematics. The pattern of correlations she found for the different types
of mathematics is quite consistent with what one might expect: algebra I
(0.49), geometry (0.53), algebra II (0.15), trigonometry (0.38), analytic ge-
ometry (0.68), and calculus (0.20). Unfortunately, the design of her study
did not include a measure of general intelligence or even one of verbal
ability, so it, too, cannot provide evidence of a unique contribution of spa-
tial ability to performance in any of these mathematical fields, despite
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a suggestion of some promise for analytic geometry and geometry. This
seems to have been an opportunity missed because of the intense focus on
possible explanations for sex differences. In contrast to the general lack of
evidence of a contribution of specifically spatial abilities to mathematics
performance, there is such evidence for predictions of success in courses
such as mechanical drawing and shop (McGee, 1979).

Within the mathematical community, there is a long-standing distinc-
tion between algebraists and geometers. Perhaps this is grounded in a
difference in their reliance on spatial thinking, but both types are counted
as mathematicians. There is more than one way to do mathematics. The
need to do mental rotation in depth (apparently the primary locus of sex
differences in spatial ability) probably does not arise all that often. Fur-
thermore, very advanced mathematics often deals with N dimensions, not
just 3. Heavy reliance on spatial thinking can prove a barrier in moving on
to N dimensions.

AFFECTIVE VARIABLES

In addition to spatial ability, the NIE studies emphasized the possible
role of affective variables in determining course enrollments and mathe-
matics achievement. Fennema and Sherman (1976) developed a thorough
and extensive set of attitude scales, but two variables have received the
most extensive exploration: liking for mathematics and mathematics anx-
iety/confidence. Although these variables seem closely related conceptu-
ally and have a strong correlation with each other (0.60-0.65), they behave
rather differently with respect to sex differences (Chipman & Wilson, 1985).
Consistently, there is no sex difference in liking for mathematics. Thus, it
may not be surprising, after all, that women have been so well represented
among math majors. In contrast, there is an equally consistent sex differ-
ence in mathematics anxiety/confidence (Hyde, Fennema, Ryan, Frost, &
Hopp, 1990). Although Fennema and Sherman (1977) attempted to con-
struct separate scales for anxiety and for confidence, the two scales were
found to have a correlation of —0.89 with each other, so they can be consid-
ered to have been measuring the same thing. It is not entirely clear what to
make of the small mean sex differences that are observed. Because no one
seems to have published the full distributions of male and female scores, it is
not clear, for example, whether serious mathematics anxiety is more com-
mon among females than among males. It might be that, for social reasons,
females are less willing to express high confidence in themselves as learners
of mathematics, even if they in fact have such high confidence. The inter-
pretation of these attitudinal variables is not entirely straightforward. The
questionnaires that measure these variables are fallible yardsticks. Some
people will use extreme values on the scales; others will not. The expression
of true opinions may be tempered by the person’s impression of what is a
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socially acceptable answer. Expressions of very high confidence in mathe-
matical ability may be more socially acceptable in males than in females.
Admissions of weakness, anxiety, or distress may be less socially accept-
able for males. We can never be certain that the apparent sex differences in
these subjective variables reflect genuine differences in the characteristic
the scale purports to measure. Nevertheless, sex differences in mathemat-
ics anxiety/confidence showed some potential to explain sex differences
in enrollment.

Another important affective variable is the perceived utility of mathe-
matics study and of the resulting mathematical knowledge. Looking over
the historical changes in girls’ and women’s study of high school mathe-
matics, participation in higher education, and participation in the work-
force over the past 50 years, it seems likely that the primary driver of
change lay in this area. Among the NIE grant studies (see Chipman &
Wilson, 1985, for details), the general perceived usefulness of mathematics
was moderately related to enrollments, while more specific perceptions of
mathematical requirements for a planned job or career or aspirations for
higher education had a somewhat stronger relationship to enrollments or
enrollment intentions. Wise (1985) reported that sex differences in career
interests in the Project TALENT sample from the early 1960s predicted
math course enrollments, preceded differences in achievement, and prob-
ably could explain the sex differences in enrollment and achievement that
then prevailed. As discussed earlier, by 1998—2000, sex differences in high
school mathematics enrollment had virtually disappeared and women had
become the majority among BA recipients. Yet, sex differences in partic-
ipation in the so-called math-related fields, engineering (23% female in
2000), physics (22% female in 2000), and computer science (28% female in
2000) remain substantial (NCES, 2001). Other sciences such as biology (58%
female in 2000) and chemistry (46% female in 2000) now have an excellent
representation of women. The once male-dominated fields of medicine (6%
female in 1960; 43% in 2000) and law (2.5% female in 1960; 46% in 2000)
changed radically between 1960, the year that Project TALENT began, and
2000. For many women, the primary utility of math study in high school
may be in meeting the requirements for admission to the college of their
choice rather than the inherent requirements of their occupational choice.

Thus, the historical evidence strongly suggests that the utility of mathe-
matics study for girls and women was an important factor in changing rates
of participation in advanced high school mathematics courses. However,
one of the frustrations in summing up the results of the NIE math grants and
similar research done at that time was the difficulty in performing analyses
that would shed light on the relative importance of various cognitive, affec-
tive, and other variables in predicting mathematics enrollments, intentions
to enroll, and mathematics achievement. Not surprisingly, earlier mathe-
matics achievement, confidence in oneself as a learner of mathematics, and



Research on the Women and Mathematics Issue 11

liking for mathematics —among other variables studied — are all related to
each other. Therefore, it is difficult to say which of these variables should be
regarded as more basic or “causal,” to which should be attributed the effects
of what these variables have in common. These data resisted efforts to de-
fine approximately independent but still meaningful variables that would
make the results of regression analyses reliable and meaningful. Overall,
the results suggested that general cognitive ability was the most important
variable predicting individual differences in mathematics enrollments, and
that mathematics confidence/anxiety probably made some independent
contribution. The evidence for the independent contribution of perceived
utility of mathematics was even weaker, largely because so few studies
included a good representation of both cognitive and affective variables.
Also, a number of studies had data only about reported intentions to enroll
in advanced math courses, not about actual enrollments. The latter was a
harder, more predictable variable. The NIE studies also included many ef-
forts to measure social influences on student enrollment and achievement,
including the behavior, attitudes, or perceived attitudes of parents, teach-
ers, and peers. However, none of these variables emerged as important,
and sex differences were not usually found. Disappointingly few strong
conclusions could be drawn from the research because the strong focus on
sex differences resulted in a poor representation of cognitive variables. Ig-
noring the variables with the strongest relations to the predicted variables
made it difficult to gauge accurately the size of the influence of the affective
variables, given the strong intercorrelations.

BARRIERS TO WOMEN’S PARTICIPATION IN MATH-RELATED
CAREERS — THE BIG PICTURE

Having raised the opposite causal possibility that career expectations may
influence math course participation, let us turn to consider the notion that
adequacy of mathematics participation is or was functioning as a barrier to
women'’s entry into mathematics-related careers. Dunteman, Wisenbaker,
and Taylor (1979) performed analyses of the National Longitudinal Survey
(circa 1972) data that attempted to understand sex and race differences in
the selection of engineering and science majors. Their model for predicting
the selection of a science major had four variables on which females ob-
tained lower scores: orientation toward things (2 /3 standard deviation [SD]
lower) vs. orientation toward people, reported mother’s educational aspi-
rations for the child (3/10 SD lower), mathematics score (1/4 SD lower),
and number of science courses taken (considerably lower). Even after these
variables having a negative effect for females were taken into account, an
unexplained direct negative effect of being female upon selection of college
science remained, and it was about twice as important as the math score.
Additional variables considered to be related to women'’s roles or values
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also failed to explain that difference. It would be interesting to know if this
unexplained barrier to women'’s entry into those fields still exists. If so, that
should probably be regarded as a social problem needing to be addressed.
The large sex differences in vocational interest patterns, such as the crude
dimension of interest in things vs. interest in people that Dunteman et al.
(1979) constructed are probably the most important single factor in ex-
plaining the low representation of women in what have been thought of
as math-related careers. It is surprising that so little research attention has
been given to this explanation for sex differences in career participation.
More recent research indicates that these sex differences in vocational inter-
est patterns continue to exist (Hansen, 1988; Lippa, 1998). Unfortunately,
little is known about how such vocational interests develop, except that
they seem to develop rather early in life (Tyler, 1964). A citation search on
Tyler’s article did not reveal recent developmental research of this kind. It
is not obvious to me, however, that sex differences in the area of interests,
or the resulting differences in occupational choices, should be regarded as
a problem.

MATHEMATICS ANXIETY AS A BARRIER

An opportunity for me to pursue the open question about the possible
influence of mathematics anxiety/confidence on the selection of a field
of study, separate and distinct from the influence of mathematics ability/
achievement, arose in a study of three successive classes at Barnard College
(a women’s college associated with Columbia, then and now a coeduca-
tional college but once a men’s college), totaling about 1,360 women ini-
tially and 1,074 for whom complete data through college completion were
available (Chipman, Krantz, & Silver, 1992, 1995). This study was able to
demonstrate a strong influence of mathematics anxiety/confidence, inde-
pendent of the effects of quantitative SAT scores. In this select population
(mean QSAT about 600), QSAT had no effect on expressed interest in a sci-
entific career at the time of college entrance, whereas mathematics anxiety/
confidence did have a significant effect. For actual biological science ma-
jors, the same picture held true at the end of college: no effect of QSAT,
significant effect of mathematics anxiety/confidence. For actual physical
science majors at the end of college, both QSAT and mathematics anxiety /
confidence showed significant effects on the likelihood of a major. In this
population, there were some individuals with very high QSAT scores and
low mathematics confidence. The results of this study indicate that the
sex difference in mathematics confidence may be partially responsible for
some of the underrepresentation of women in science and engineering
fields, but the sex difference in math confidence seems to be quite small
among able college students (Hyde et al., 1990). In the Barnard study, the
full impact of that effect was expressed prior to college entrance, but it was
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substantial: the odds of becoming a science major were 5 times as great for
the math confident as for the math anxious. The effect of QSAT on actual
completion of a physical science major was even more substantial — the
odds of being a physical science major were 16 times as great for the group
with the highest QSAT (scores over 650) as for the lowest group. There are
several possible interpretations of this QSAT result. It may reflect a reality
that mathematical competence is important in the pursuit of a physical
science field. Alternatively, it may reflect a strong belief in the college-level
community — both faculty and students — that mathematical competence
really matters. Students with less than the highest QSAT scores may be
counseled out of physical science fields or may counsel themselves out
of those fields. When interpreting these results, however, it is important
to remember that the Barnard College population was an intellectually
select population. According to National Science Foundation (NSF) data,
the mean QSAT of the Barnard population was as high or higher than the
mean QSAT of all U.S. males receiving BA degrees in physical sciences,
engineering, or even mathematics at that time (NSF, 1986). The majority
of those Barnard students, therefore, were probably capable of completing
a physical science major. However, interest in a science career was rare at
Barnard College — there were 45 physical science majors, 69 biological sci-
ence majors, 572 social science majors, 357 humanities majors, 31 in creative
writing or similar fields, and no mathematics majors at all. Although inter-
est in a science major at the beginning of college was strongly predictive of
an actual major, such interest was so rare in this population that there were
actually more physical science majors coming from the group classified
as not open to consideration of engineering or science careers at the time
of college entrance than from those with high initial interest. Contrary to
popular belief and some prior research results, it seems that experiences
during college can result in a science major. The people vs. things dimen-
sion of vocational interests was also investigated in the Barnard study; its
influence on occupational interests and major selections was substantial
and had had its effect prior to college entrance.

MATHEMATICS ABILITY AND ACHIEVEMENT
AS A POSSIBLE BARRIER

Finally, let us turn to the subject of possible sex differences in mathemati-
cal ability and/or achievement. As was pointed out earlier for the case of
spatial abilities, there is no deep theory about the fundamental nature of
mathematical ability. It has proved difficult to define mathematical abil-
ity factors that are any more predictive of success in mathematics than
measures of general intelligence (Aiken, 1973). As noted above, Carpenter,
Just, & Shell’s (1990) characterization of the fundamental basis of gen-
eral intelligence is also very plausible as a characterization of the essence
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of mathematical ability. Beyond general intellectual ability, the cognitive
variable that predicts future mathematics performance is past mathemat-
ics achievement. Previous grades in mathematics appear to be the best
available predictor of success in college mathematics (Wick, 1975).

In the United States and elsewhere, there is widespread belief that males
outperform females in mathematics. However, the data for the United
States do not necessarily support this belief (Chipman & Thomas, 1985;
Hyde, Fennema, & Lamon, 1990). Large, representative studies of U.S. stu-
dent populations have tended to find little or no sex difference in overall
mathematics performance prior to the secondary school years, when the
study of mathematics often becomes optional in the United States. Despite
occasional reports that boys or girls in elementary school perform better on
one or another type of math test item, a meta-analysis concluded that no
such differences are evident prior to secondary school (Hyde et al., 1990).
An exception to the general picture of equality is that searches for mathe-
matically talented youths have generated reports that extremely high lev-
els of mathematical performance on the SAT at a young age (about 7th or
8th grade) are much more frequently found in males (Benbow & Stanley,
1980, 1983). These reports have received much publicity and have had a
substantial effect on public beliefs about male and female performance in
mathematics (Eccles & Jacobs, 1986). Because of the way in which these
searches are conducted, methods that do not ensure representative sam-
pling, it is difficult to know what one should conclude about the actual
incidence of high levels of mathematics performance among young male
and female students in the United States. The U.S. National Assessment of
Educational Progress (NAEP) (National Science Board, 1993), which does
aim at achieving a nationally representative sample, reported that 0.2% of
females at age 13 and 0.5% of males at age 13 attained the highest category
of mathematical proficiency (p. 232) — characterized as involving multi-
step problem-solving and algebra, as well as various other mathematical
content usually taught during high school. However, it is clear that the
generalization from these reports to beliefs about the performance of more
typical male and female students is not justified. In the general population,
sex differences in mathematics performance prior to secondary school are
negligible.

By the end of secondary school, however, sex differences in mathematics
test performance that favor males have usually been reported in the United
States, and the performance differences seem to arise from problem-solving
tests or items (Hyde et al., 1990). For many years, the possibility that differ-
ences in course taking might account for these differences in mathematics
test performance seems to have been ignored. Fennema (1974) pointed
this out. Obvious as that hypothesis might seem, many seem to have con-
cluded that such test results implied lesser mathematical ability among
female students. Analysis of data from the representative survey sample
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of U.S. students that was collected in the early 1960s — when there were
substantial sex differences in secondary school mathematics course enroll-
ments — showed that course enrollments statistically accounted for nearly
all the sex difference in mathematics performance at the end of secondary
school (Wise, 1985). However, as noted above, sex differences in course
enrollments diminished greatly over time. Nevertheless, a performance
difference on the SAT remained circa 1993. It still remains today. The CEEB
(2000) report on college bound seniors, 2000, reported no difference be-
tween males and females in number of math courses taken (3.8) but a
mean difference of 35 points on the SAT math test, favoring males. Simi-
larly the NAEP (National Science Board, 1993) results showed that 5.6% of
17-year-old females but 8.8% of 17-year-old males were attaining the high-
est category of proficiency in 1990 (p. 233). On the other hand, the mean
results for 17-year-old males and females in 1990 showed no difference
(p. 7 & 231), the culmination of a gap-closing trend.

The picture is further complicated by the fact that different measures
of mathematical performance yield different messages about sex differ-
ences. In an important review paper, Kimball (1989) showed that course
performance measures consistently favor females. Similarly, the results of
some studies tend to indicate that examinations that are closely tied to
the instructed curriculum, like the New York State Regents Exam (Felson
& Trudeau, 1991) or IEA Math content, which is well represented in the
“implemented curriculum” (Hanna, 1989), are more likely to favor females.
This side of the story is further reinforced by another large-scale study
drawing from a huge sample of students gathered to investigate the valid-
ity of the SAT exam. When males and females were matched by university
math course taken (in the same institution) and by performance grade re-
ceived in the course, it was found that the females had received scores
nearly 50 points lower on the SAT exam (Wainer & Steinberg, 1992). In
other words, the SAT underpredicted the performance of females relative to
males in these mathematics courses, advanced as well as introductory. Re-
portedly, an earlier internal study at the Massachusetts Institute of Technol-
ogy (MIT) had similar results showing that the SAT underpredicted course
performance at MIT, but I was never able to obtain a report of that study.
Such results suggest that the observed sex differences in performance on
tests like the SAT may reflect differences in responding to the testing sit-
uation itself (Becker, 1990), or that they may arise from extracurricular
differences in experience that are related to the content of some such tests.

POSSIBLE SOURCES OF SEX DIFFERENCES IN TEST PERFORMANCE

There are a variety of factors that might contribute to persisting sex differ-
ences in math test performance. Significant sex differences remained circa
1990 for course enrollments in “extra” mathematics courses like statistics
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and probability that are not part of the standard college preparatory cur-
riculum. Large sex differences existed in enrollments in courses like high
school physics that may provide considerable practice in solving mathe-
matics problems. If the majority of secondary school females are taking
high school mathematics simply to fulfill college or university entrance
requirements rather than to prepare for further study and careers that in-
trinsically require mathematical competence, their degree of involvement
with the subject matter may be less than is common for males taking the
same courses.

Studies that have attempted to analyze sex differences in performance
on the SAT or similar tests have not yielded any great insight (Chipman,
1988b). Individual test items can be found that show very large sex dif-
ferences, but the reasons for those differences are not obvious. There has
been little or no consistency in the apparent nature of such items from
one study to the next. Occasionally, these analyses have appeared to con-
firm hypotheses that sex differences might be concentrated in items with
geometric or spatial content, but this has not proved consistently true. (Fur-
thermore, as discussed above, the belief in sex differences in spatial ability
is also rather weakly supported by the actual evidence.) Many have hy-
pothesized that the stereotypically masculine content of mathematics word
problems might account for some of the sex differences in performance
on such items. Subjective examination of items that do and do not show
large sex differences does not provide obvious support for that view. Fur-
thermore, an experimental study of this question that had high statistical
power (Chipman, Marshall, & Scott, 1991) did not confirm the popular hy-
pothesis that sex-stereotyped content of math word problems would affect
performance. A more recent study confirmed this negative finding (Walsh,
Hickey, & Duffy, 1999). In several studies of the SAT, it was found that a
class of items (“data sufficiency items”) that ask whether sufficient data are
available to answer the question did consistently favor females (Donlon,
1973; Strassberg-Rosenberg & Donlon, 1975). It is rather hard to say why
such items should have favored females: one can speculate that perhaps
females tended to actually attempt problem solutions, thereby improving
their ability to answer these items correctly while consuming extra time
that may have hindered their performance on the rest of the examination.
In any case, the historical fact that the Educational Testing Service chose
to drop a class of items that consistently favored females from a test that
consistently favors males should cast doubt on the tendency to treat the
SAT as if it were some gold standard of mathematical ability. (Ostensibly,
these items were removed for being too susceptible to coaching.) The SAT
is a speeded multiple-choice test that rewards test-taking strategies such
as guessing based on partial information. The characteristics that produce
good performance on the SAT are undoubtedly somewhat different than
the characteristics that result in good performance in mathematics courses



