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The purpose of this dissertation is to investigate gender differences in
mathematics cross culturally (Japan and the United States), and to find whether
there are gender differences in their sex-stereotyped beliefs about mathematics,
attitudes toward mathematics, learning patterns of mathematics, and problem solving
strategies/causes of mistakes and whether there are relationships among these
variables.
There were 2 studies. In Study 1, two performance variables, efficiency of
problem solving strategies and seriousness of causes of mistakes, were developed
through protocol analysis. In Study 2, 207 10th grade Japanese high school students

and 164 9th to 12th grade American high school students participated. Subjects were



administered (1) 5 SAT-Math items, (2) solution strategy and causes of mistake
questionnaire, (3) attitude toward mathematics questionnaire, and (4) learning

patterns questionnaire.

A 2 (sex) x 2 (nation) analysis of variance and separate within nation
univariate analysis by gender were performed on the 12 variables, 3 in each of 4
arcas (sex-stereotyped beliefs about math, other attitudes toward math, learning
pattern of math, and performance). For Japanese sample, moderate to large gender
differences were found in the sex-stereotyping and attitude variables. For the U.S.
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The direction of the gender differences in sex-stereotyping variables were opposite
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the Japanese sample, it is the females who held stronger sex-stereotyped beliefs
about mathematics than males. Regardless of students’ nationality, there were

significant relationships between attitude variables and learning variables.
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Chapter 1

INTRODUCTION

During the past two decades, there have been significant improvements in
women's participation both in higher education and employment in the United
States. Today, women represent more than half of the students in higher education,
and over half of all the work force. However, the proportion of women in different
fields of occupations or ditferent disciplines in post secondary institutions tells us
quite a different story. It is well known that women are still significantly under-
represented in mathematics-related occupations, such as engineering and physical
science. In spite of the fact that in other male-dominated occupations (e.g., lawyer,
physician) females have over one third of the positions, only 9 percent of all
engineers were female and only 13% of physical scientists were female in 1992
(NSF Science & Engineering Indicators, 1993). These gender differences in
occupation are found in other nations as well and are more prominent in some
nations. For example, in Japan, one quarter of those who graduated medical schools
were females, whereas, less than two percent of engineering degrees were awarded
to female students in 1992 (NSF Science & Engineering Indicators, 1993).

Since Maccoby and Jacklin's (1974) book, it is well documented that there
are gender differences (favoring males) on some spatial tests, and on mathematics

aptitude tests, although many studies have reported that the gender differences are
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decreasing over time (Hyde & Linn, 1988; Hyde et al., 1990). Some of the
differences such as those found for the mathematics part of the Scholastic Aptitude
Test (SAT) are consistent over time and large enough to affect admissions to
selective institutions and to mathematics-related disciplines in many institutions in
post secondary education.  The male-to-female ratio among the students who scored
higher than 700 on the SAT was 4-to-1; that is, only one girl scored higher than 700
for every four boys who did so in the mathematics part of the SAT, although the
verbal part of SAT shows no significant difference in gender proportion at any
achievement levels (1987 College board).

What is more disturbing is the fact that these patterns of gender differences
in mathematics were not only found in the United States but also found in other
nations as well.  According to the Second International Study on Mathematics
(SIMS), not all, but most countries participating in the study found gender
differences in many areas of mathematics in both 8th and 12th grades (Robitaille &
Garden, 1988). Among the nations participating in the study, Japan was one ol five

nations that have found the largest gender differences in mathematics performance.

Various approaches such as biological, socio-cultural, motivational, and
cognitive have been taken to investigate the nature and the sources of the gender
difference in mathematics. The biological approach examines the relation between

gender differences in brain physiology and gender differences in mathematics. The



socio-cultural approach investigates the effect of social variables such as sex-role
stereotypes of mathematics performance on male and females in different nations.
The motivational approach focusses on gender differences in attitudes toward
mathematics (e.g., self-concept of math ability, the value of math, etc.) and looks at
the relation between these variables and gender differences in mathematics
performance. Finally, there are two types of cognitive approaches. One type
investigates the differences in the ways males and females study mathematics. The
other type of cognitive approach studies mathematics problem solving strategies used
by males and females or errors in mathematics problem solving processes made by
males and females.

Although much has been gained by studying variables such as stereotypes and
strategies separately, very little is known about how the variables emphasized in
different approaches might relate to each other.  Moreover, whereas many studies
have been done regarding gender differences in mathematics, there is no
comprehensive theory which can completely explain these gender differences.

The primary purpose of the present dissertation is to investigate the relation
among the psycho-motivational (¢.g., attitudes toward math etc.), learning (e.g.,
study habits) and performance variables (e.g., problem-solving strategy etc.) with
respect to gender differences in mathematics. The ultimate goal of this study is to
acquire sufficient data in order to eventually build a comprehensive theory. In order

to carry out this investigation, attitudes toward mathematics, learning patterns and



the problem solving strategies/causes of mistakes of Japanese and U.S. students

were studied. The lists of the independent and the dependent variables are provided

later in this chapter.

This dissertation itself includes seven chapters and two studies. The first
chapter presents an overview of the study as well as the problem statement and the
purpose of the study. The second chapter presents a review of the different
approaches toward gender differences in mathematics and concludes with general
research questions. The third chapter presents a qualitative study (Study 1) that was
conducted to reveal the performance variables regarding solution strategy and causes
ol mistakes. The fourth chapter describes the methodology for Study 2, the main
study of this dissertation. The fifth chapter describes the results of a preliminary
lactor analysis of the data in Study 2. The sixth chapter organizes and presents the
main results of Study 2 according to the hypotheses.  And the seventh chapter and

final chapter contains a discussion of the results and implications of the findings.

This remainder of this chapter includes six sections: 1) independent and
dependent variables, 2) definitions of the key terms, 3) assumptions of studies, 4)

limitations of studies, 5) significance of the study, and 6) the summary of this

chapter.



1.1 Independent/Dependent Variables

The independent variables include such demographic variables as gender and
nationality (Japan and U.S.). The dependent variables include variables from two
different approaches: motivational and cognitive. The variables in the cognitive
approach are divided into two factors, performance and learning. The variables for
the performance factor include: 1) scores on mathematics problem solving items, 2)
scores on a measure of problem solving strategies, 3) scores on degree of
seriousness of the mistakes. The variables for the learning factor include: 1) score
for regularity in studying, 2) score for independence in studying, 3) score for other
aspects of study habits. The motivational variables are divided into two parts: sex-
stereotyped beliefs and attitudes other than sex-stereotyped beliefs. The sex-
stereotyping variables include three constructs: 1)beliefs about math as a male
domain, 2) utility of math, 3) math-related occupations. The other attitude variables
include: 1) perception of mathematics ability, 2) value of mathematics, and 3) task
difficulty. The detailed descriptions of these variables are presented in chapter 4.

1.2 Definitions of Key Words

One of the weakness in this area of research is the ambiguity of the
definitions of terms such as the definitions of ability, performance, achievement,
Ditferent researchers define the terms differently and use different

etc.

measurements. Lack of consensus regarding the terminology among researchers
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might result in some inconsistencies of findings in the study of gender differences in
mathematics. A consensus is particularly important in cross-cultural study. Each
culture defines the terms based on their cultural beliefs. For example, the meaning
of the term, "ability", in the United States may or may not be the same as the
meaning of the term in Japan. In the present study, the author tried to avoid the
confusions caused by the ambiguity of the definition of terminology by recognizing

the cultural differences and similarities and by defining critically important terms

clearly. These terms are described next.

Mathematics Ability

Many researchers such as Halpern (1992) give the term, "ability", a broader
meaning than most achievement motivation theorists. Her writing suggests that
"ability" not only means "innate or biologically determined trait," but also means

"acquired skills through one's experiences.” However, in many theories, especially

in attribution theory, "ability" is treated as an innate and biologically determined

trait that is stable and uncontrollable (e.g., Weiner, 1979). In order to avoid

confusion, when the term "ability" implies genetically predisposed traits, it will be

specifically indicated as "innate ability". The unmodified term "ability" will refer

to combination of both genetically predisposed traits and skills acquired through

one's experience.



Mathematical skills

Skills are acquired through environmental input such as everyday classroom

experiences, studying hard, and practice.

Mathematics performance and Achievement

Mathematics Performance (achievement) is defined as results on tests which measure
one's acquired skill. Such skills may reflect both what one has learned in
mathematics classes and one's ability.

The relative importance placed on innate ability versus acquired skills for
explaining performance becomes a critical difference in the fundamental philosophy

of education between two cultures.

1.3 Assumptions of the study

Many researchers who study gender differences in cognitive ability endorse
an interactionist view. This view emphasizes the effects of both innate ability and
environment as the causes of gender differences (e.g., Halpern, 1992). Only a few
researchers such as Fennema (1981) have emphasized exclusively environmental
effects such as sex-role stereotypes as the primary cause of the gender differences in
mathematics. Undoubtedly, any empirical study will inherently be biased by the
d the position that the researcher takes on the issue of nature vs

philosophy an

nurture.
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One basic assumption of the present study is that the nurture view of gender

differences in mathematics is probably close to the truth. This assumption is based
on the argument that the distinction between "individual difference" and "group
difference" is the most important issue regarding the nature and nurture controversy.

The author believes that any individual difference in a cognitive ability 1s probably
caused by both innate ability and environmental interaction. However, a gender
difference is not an individual difference but a group difference. Therefore, it is
possible to assume that the gender difference in mathematics is the result of
differential experiences between males and females in their developmental processes.

Chapter 2 explores the "nature" v.s. "nurture" view in great detail. In the next

section, the limitations of the present study will be discussed.

1.4 Limitations of the Study

Because of the complexity of a study that includes multiple perspectives,
there are four major limitations. The first limitation concerns sampling. It would be
ideal if the sample in each country were randomly selected in order to represent the
population in each country. However, the sample in this study is limited to be a
convenience sample.  The generalizability of the results of the study may be
limited.

The second limitation involves the language of the tests. The mathematics

tests and the questionnaires are translated by the author.  Some meanings may have



been lost when the text was translated from English to Japanese although the author
put great effort to ensure the accuracy of the translation.

The third limitation also concerns the difference between the two cultures.
The mathematics problem-solving items and most of the attitude questionnaires are
developed in the United States. Questions that are sensitive enough to detect gender
differences among the students in the United States may not be adequately sensitive
to detect differences among Japanese students.

The fourth limitation relates to the fact that only some variables related to
gender differences are included. There are so many factors which may relate to the
gender differences in mathematics. However, as it is impossible to include all
possible cultural and psychological variables, variables which have been studied by
previous researchers (Eccles, ct. al., 1983) will be included in this study.

The fifth and last limitation is the number of items in this study. The time
allowed to administer tests and questionnaires in each class was very limited.
Therefore, the number of items and categories of the test instruments is limited in
each class in each country.

In spite of these limitations listed above, this study will provide a theoretical
guideline to the researcher who studies gender difference in mathematics as well as
praclical knowledge to mathematics educators who deal daily with students in

classrooms. The significance of the study is described in the next section.
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1.5 Significance of the Study

This study will make three important contributions to the literature on gender
difference in mathematics. First, this study will test the replicability of the results
found in the United States in another culture with respect to gender differences in
mathematics problem solving strategies (Gallagher & De Lisi, 1994). Gallagher and
De Lisi found that males tend to use unconventional strategies that are not taught in
math class and that require insight or estimation. Females, in contrast, are more
likely to use conventional strategies that are usually taught in math class. It will be
interesting if a similar pattern of gender differences in mathematics problem solving
strategy is found in other nations as well.

Second, the use of multiple approaches allows us to examine the link
between mathematics problem solving strategy choice and various aspects of the
attitude variables. If the correlation were found to be positive, one may infer the
possible influence of the attitude variables on the strategy choice in problem solving.

The third important contribution is that results of mathematics problem
solving strategy choice analysis and error analysis will provide us the possibility of
intervention to reduce the gender gap in mathematics. Teachers may be able to
teach different types of problem solving strategies and/or point out the possible

causes of the mistakes.
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[.6 Summary

This first chapter has set out the problem and the variables to be studied in
this research. In spite of the improvement in female participation in post secondary
education and a variety of occupations in the past two decades, females are still
under-represented in mathematics-related fields in post secondary institutions and the
work force. One important cause of this problem is gender differences in
mathematics performance in high school students. The reasons why high school
female students perform poorly in some of problem solving items will be
investigated based on the nurture view. The variables included in this study are
classified into three categories, socio-cultural, psycho-motivational, and cognitive
variables.  Although there are some limitations to this study, due to the complexity
of the problems and methodology, this study will provide an important theoretical
guideline to the researchers who study gender differences in mathematics and may
open up to the possibility of practical interventions to the mathematics educators in
everyday classrooms.

In the next chapter, these variables will be presented in a review of the

different approaches to the study of gender difference in mathematics.




Chapter 2

LITERATURE REVIEW

The purpose of this dissertation is to investigate gender differences cross-
culturally, and to look at how motivational, learning, and performance factors
influence these gender differences. To carry out this investigation, students from
Japan and the United States will be studied to see whether there are gender
differences in their attitudes toward mathematics, learning patterns, problem solving
strategies, and causes of mistakes and to determine relationships among these
variables.

There are two kinds of questions regarding studies of gender differences in
mathematics. The first question is what is really different between male and female
students in mathematics performance. This question deals with the nature of the
gender difference in mathematics and provides us with empirical evidence regarding
the role of variables such as age, subject area, and sample characteristics.

The second question concerns the explanation of these gender differences:
Why are there gender differences in mathematics performance? Especially, why
are large gender differences found for particular tasks, particular ages, and particular
samples? Researchers who attempt to answer the latter question usually take one of
three approaches: either the genetic/physiological, social/motivational, or cognitive

approach.
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The "nature versus nurture" dichotomy is an old one in many areas of
research in psychology. Researchers who emphasize genetic/physiological factors
as the primary cause of the gender difference in mathematics performance are
associated with the nature side of this dichotomy. Although they do not deny the
effect of environment, they focus on the relationship between genetically
predisposed physiological differences and gender differences in mathematics
performances. On the other side of this dichotomy is the nurture view, which
involves a more social/ psychological (motivational) orientation.

The third approach is the cognitive approach. This approach could be
consistent with either the nature or nurture view, depending upon the methods and
philosophy that each researcher takes. Although this approach does not have a
clear position in the continuum of the nature - nurture dichotomy, the cognitive
approach helps us to understand underlying mechanisms in gender differences in
mathematics performance.

This chapter is divided into five sections. In the first, the empirical evidence
for gender differences in mathematics performance is presented. In the second, the
nature view (genctic/physiological approach) is examined. In the third, the nurture
view (social/psychological approach) is described. In the fourth, the cognitive
approach is explained. In the fifth, the overview of this chapter and the problem

statement as well as research questions are posed.
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2.1 Empirical Evidence for Gender Differences

in Mathematics Performance

2.1.1. Early Studies

Maccoby and Jacklin's book The psychology of sex differences was a very

important publication in 1974. The authors looked at previous studies done by
researchers before 1974 and identified three cognitive abilities for which gender
differences had been found: verbal ability (favoring females), spatial ability
(favoring males), and mathematical abilities (favoring males). Their work,
however, has been criticized mainly due to the methodological weaknesses of the
studies, and Maccoby and Jacklin's interpretation of the data.

In a large study conducted after 1974, Armstrong (1981) gave tests of spatial
visualization, problcm-solvipg, algebra, and computation to 1452 13 year-olds from
82 schools, and 1788 12th grade students from 71 high schools. The results of his
analysis indicated that for 13 year-olds, females outperformed males on the
computational and spatial visualization tasks, and performed equally well as males
on problem solving tasks. For the 12th grade students, whereas males outperformed
females on all 4 subtests (spatial visualization, problem solving, algebra,
computation), only the difference for the problem-solving subtest was statistically
significant.

In the middle 80s, Aiken (1986-1987) reviewed the literature on sex

differences in mathematics ability. He summarized the evidence of gender
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differences in mathematics by saying that although there were no significant gender
differences in mathematics performances before high school, boys outpertorm girls
in mathematical computation and problem solving tasks in high school. He also
explored various explanations of gender differences in mathematics performances
such as biological explanations which emphasize the role of genetically predisposed
traits and environmental explanations which focus on the systematic differences in

socialization process between males and females.

2.1.2 Recent Studies

The most important work regarding gender differences in mathematics is a
meta-analysis by Hyde, Fennema, and Lamon (1990). They analyzed studies
published between 1964 and 1987, and computed 259 independent effect sizes.
They identified three important trends in gender differences in mathematics. Based
on the results of their analysis, the three trends are depicted in figure Al, A2 and
A3 in appendix A.

The first is an age trend. The magnitude of gender differences in
mathematics performance increases with age. The age trend has a close relationship
with the complexity of cognitive level of the task, however, because older students
Jearn more complex and abstract mathematics than younger students. In early
elementary school years, females have a slight advantage in computational tasks.

However, as they enter high school, their tasks are mainly problem solving and
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reasoning, and it was at this time that gender difference emerge with a moderate
effect size favoring males (see figure Al in appendix A).

The second trend involves sample selectivity. Hyde and her colleagues
partitioned the samples in each study into five stratifications according to the ability
level of the sample, from low ability to mathematically precocious. They found
that "sample selectivity is one of the most powerful predictors of effect size in their
multiple regression". Although the average effect size of all studies is very small
(d=0.03), the magnitude of effect size increases as the sample become more
selective. For example, effect size of the gender difference among average students
are 0.15. but the effect size among the students who are from highly selective
schools was 0.54, a large effect size (see figure A2 in appendix A).

The third trend is a cohort effect. When average effect sizes are compared
between the studies that were conducted before 1974 and after 1974, the clear
decline in the effect size is apparent. The average effect size of studies conducted
before 1974 was 0.3, whereas the average effect size of studies conducted after
1974 was only 0.1 (see figure A3 in appendix A). In sum, any theory of gender
differences must account for why the gender difference gets larger with increasing
age, complexity of tasks, and sample selectivity, and why it appears to be shrinking

over time.

2.1.3 Gender Differences in Variability
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Most of previous studies including the meta-analysis study done by Hyde,
Fennema, and Lamon (1990) have compared the means between two groups, male
and female, with an assumption of homogeneity of variance in two groups.
However, Feingold (1992) paid special attention to the difference in variability
between the two genders. He indicated three cases of distribution patterns of males
and females that might result in male's higher mean. The patterns are shown in
figure 4: the case of equal variability, the case of males' greater variability, and the
case of females' greater variability. He argued that effect sizes are usetul only when
the two groups have homogeneous variabilities. He examined the variabilities of
male and females on their standardized test batteries. Feingold found that males had
consistently bigger variances than females in mathematics reasoning, spatial
visualization, spelling, and general knowledge. This indicates that the equal
variability assumption does not really reflect the reality and males' greater
variability, is more likely to fit the reality of the gender differences in mathematics
performance. He suggested that since variabilities affect values of the mean, itis
necessary to consider both variability and the central tendency (mean) in order to
capture accurately the nature of gender differences in cognitive abilities.

However, Feingold was criticized by Noddings (1992) mainly for two
reasons. First, Noddings pointed out that among the cognitive abilities, those which
had gender differences in variability are mostly valued by males. However, there

are many capacities which do not usually appear in measurement of intellectual
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abilities, but are valued by females. For example, interpersonal reasoning, oral and
written interpretation, and so on, are variables females value more and on which
they perform better. The other reason was that Feingold did not offer an
explanation of why there are gender difference in variability in certain cognitive
measures. Noddings suggested her preference in the latter explanation, and argued
for historical and cultural differences between the two genders as the possible cause
of gender differences in variability.

In spite of Noddings' criticism, Feingold's finding that males have greater
variability in the performance of some of cognitive tasks is an important fact that
indicate each researcher must consider the effect of variability as well as central

tendency (mean) regarding the gender differences in mathematics performance

72.1.4 SAT-Math (Mathematics Part of Scholastic Aptitude Test)

According to a report from College Board, the average difference between
males and females in SAT-Math scores has been a consistent 46 points since 1972
(College Board, 1991). The average SAT-M was 453 for females and 497 for
males in 1991, a difference of 44 points. The average SAT-Verbal score was 418
for females and 426 for males, a difference of only 8 points.

In the meta-analysis by Hyde, Fennema, and Lamon (1990), SAT-math was
excluded from their overall analysis of effect sizes and was examined separately.

The reason why they did not include SAT-Math in their overall analysis was that the
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sample of SAT-math would compose more than 20% of all subjects in the overall
analysis and would have a disproportionally large effect on the overall analysis.

The results of their analysis on SAT-M showed large gender differences in
effect size (d=0.4) favoring males. Although the effect size for overall analysis
(including all ages, subjects’ areas, selectivity of samples) was 0.13 when the effect
size of SAT-M was excluded, the overall effect size increased to 0.3 when the effect
size of SAT-M was included. Hyde and her colleagues listed several reasons why
only the SAT-M produces such a large effect size consistently. First, they believe
that the sample for SAT-M is a moderately-selected sample (at least they are college
bound). Second, more females take the SAT than males. Therefore, they assume
that males might be from more selected schools than females. Third, the items used
in SAT-M are combinations of mathematical problem solving and computational
tasks. Therefore, they reasoned the cause of large effect size in SAT-math as
follows; "since problem solving tasks produce moderate effect size favoring males
even in overall analysis, among those who are college bound (moderately selected

sample), probably produce even bigger gender differences" (Hyde et al., 1990).

2.1.5 Gender Differences in Mathematics Class Grades

Kimball (1989) examined previous studies which reported females'
superiority in mathematics class grades, instead of standardized tests such as the

SAT. Although she could not assess completely accurate features of the gender



differences in mathematics class grades due to insufficient data availability, she
reported that the size of the gender differences in mathematics class grade ranges
from 0.09 to 0.35 favoring females.

One of the studies that provided evidence of females' better performance on
mathematics class grades was that by Benbow and Stanley (1982). Their sample
included highly selected, mathematically talented youth. It is a well established fact
that among those who are highly selected, males outperform females on
standardized tests especially on the SAT-M. However, Benbow and Stanley also
reported the important fact that females in their sample significantly outperform
males on mathematics class grades in high school.

Some evidence with a less selected sample was provided by Pallas and
Alexander (1983). They examined 1,842 females and 1,770 male 12th grade
students who represent all achievement levels from low achievement students to
college bound students. The average GPAs for mathematics courses taken
previously were 2.15 for males and 2.30 for females. However, when the averages
of an standardized test, SAT-M scores, were compared the opposite was true. The
average SAT-M score for males was 425.23, while, the average was 388.45 for
females. These data clearly indicates that males usually outperform females on
standardized mathematics achievement tests, whereas females achieve higher than
males on mathematics class grades.

So far, we have only considered the effect of gender differences in American
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students. Because the data would be highly relevant to the nature/nurture issue, it is

useful to examine cross-cultural work to see the size of gender differences in other

countries as well.

2.1.6 _SIMS (Second International Mathematics Study)

The second International Mathematics Study was conducted between 1981-
1982 in 20 different nations using 8th and 12th graders. The data from each nation
showed some conflicting results. At the 8th grade, in five out of 19 nations
(Belgium-Flemish, Belgium-French, Finland, Sweden, and Thailand), girls
outperformed boys in all five mathematics subtests (Arithmetic, Algebra, Geometry,
Measurement, and Descriptive statistics). In the other 14 nations, however, boys
outperformed girls in most subtests. The results of the analysis of five major
subtests showed that girls tended to perform better than boys in computational-level
arithmetic, whole numbers, estimation and approximation, and in algebra. In
contrast, boys were more likely to be better in geometry, measurement, and in
proportional thinking (Robitaille, 1989). Moreover, some of the items which
measure spatial visualization ability produced a very large gender difference (over
30 percentage points higher favoring boys) in almost all participating nations.

For the 12th grade students, the gender difference became more prominent
in each nation. Only in one nation, Canada (British Columbia), did girls

significantly outperform boys in two of the 11 math subtests. However, in every



other nation, boys did better than girls in all of the subtests (Garden, 1989).
Among those nations, the largest overall gender differences occurred in Belgium
(French), Hungary, Hong Kong, Isracl, and Japan. Based on the results of the
study, Garden (1989) suggested that the reason for such large gender differences in
all participating nations was that "..it appears that in all systems, disproportionally
large numbers of girls with high mathematical ability may be electing not to pursue
studies in mathematics" (p146). In cach of the participating nations, the population
of 12th grade was those students who elected advanced math courses. Since
advanced courses are not required, male students outnumber female students in each

participating nations.

2.1.7 Cross-Cultural Study Between Japan and USA

Although there are many studies that investigate cross-cultural differences in
mathematics performance between Japan and the United State (e.g., Stevenson et
al., 1986a, 198b; Mayer and Tajika, 1991.), only a few studies have examined
gender differences in mathematics performance between Japan and the USA.

In one study, Evans (1993a) assessed gender differences in mathematics
achievement and attitudes at the Ist, Sth, and 11th grades longitudinally in 3
cultures: China(Taiwan), Japan, and the United States. She found that there is no
consistent gender difference in mathematics performance in 1st and Sth graders.

However, by the 11th grade, males outperform females in all countries. The
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average gender difference in Japan and China was large (an effect size of 0.6). In
contrast, the effect size was moderate in the U.S. compared to Asian countries, and
differed significantly from zero (d=0.3).

Evans (1993b) also pointed out the importance of the mean difference
between countries. Although males did better than females within each countries,
Asian females outperform both American males and females. In other words, the
difference between countries (effect size of more than 1.0) was much greater than

the difference between genders (effect size of 0.3 to 0.6).

7 1.8 Summary of Empirical Evidence

The empirical evidence of gender differences in mathematics performances

can be summarized as follows:

1) Age and cognitive trends: The effect sizes of gender differences in

mathematics performance increase with age and with complexity of

cognitive tasks.

2) Sample selectivity: The sizes of gender difference in mathematics

performances are larger among highly ability samples than average ability

samples.

3) Cohort eftect: The decline of effect size was apparent when average

effect sizes were compared between studies conducted before and after

1974.



4) Variability: Males tend to have bigger variability than females in many
subareas of mathematics and some other cognitive abilities.

5) Males outperform females in standardized mathematics achievement
tests, whereas females tend to be better than males on mathematics
classroom grades.

6) SIMS: At the 8th grade, in 14 out of 19 nations, boys outperform girls
in all five mathematics subtests. However, in the remaining five nations,
girls slightly outperformed boys on some but not all of the mathematics
subtests. At the 12th grade, in all 19 nations but one (Canada-British
Columbia), boys did better than girls in all of the math subtests. Gender
differences in mathematics performance were largest in Belgium(French),
Hungary, Hong Kong, Israel, and Japan.

7) Studies between Japan and the U.S.: The effect size for gender
differences in mathematics performance was much larger in Japan than in
the U.S.. The difference in mathematics performance between nations was
much greater than the gender differences in math performances within each

nation.

Although this empirical evidence is useful for telling us how males and
females differ in mathematics performance, it does not tell us about the reasons

for these differences. In the following four sections, various theories of gender
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differences in mathematics are discussed.

2.2 Nature View: Genetic/Physiological Approaches

There is no doubt that males and females differ genetically.

Researchers who take the genetic/physiological approaches hypothesize that the
differences in observed behaviors between genders such as gender differences in
mathematics performances are primarily determined by genetically predisposed
traits.

If one defines the physiological approach as that approach which
investigates the relationship between gender differences in brain physiology and
gender differences in mathematics performance, then physiological approaches
could be subdivided into two subtypes. One approach focus on the role of
genetically preprogrammed factors (e.g., hormones) in producing differences in
brain morphology. The other focuses on the role of different experience in
producing ditferences in brain morphology.

A physiological approach which focuses on the relation between gender
differences in mathematics performance and genetically predisposed
physiological differences represents a "nature" view. However, the
physiological approach which emphasizes any biological differences caused by
the differential experiences of males and females as a cause of gender difference

in cognitive ability should belong to the "nurture" view. In this section, only



studies which have taken the genetic/physiological approach are reviewed.
There are three hypotheses which derive from the genetic/physiological
view as the explanation of gender differences in mathematics performance: 1)

the sex-linked recessive gene hypothesis, 2) the brain lateralization hypothesis

and 3) the physiological correlates hypothesis.

7 2.1 Sex-Linked Recessive Gene Hypothesis
Since the early 60s, some researchers have attempted to find correlations

between quantitative ability and physiological traits such as eye color (Stafford,

1970) and height (Stafford, 1963). Stafford (1972) suggested that gender

differences in quantitative reasoning favoring males might be the result of a

gene on the X chromosome, as is the case in red-green color blindness and

hemophilia. He h othesized that "if this is the case, one would expect father-
P yp p "

daughter correlations and mother-son correlations to be the largest and father-

son correlations to be smallest" (because if the gene for the quantitative ability

is on the X chromosome, then, the father could pass it to his daughter but not to

his son). He examined his hypothesis based on three studies by Willoughby

(1927), Carter (1932), and Stafford (1963). The average correlations of the

three studies are following: father-daughter correlation of 0.22, mother-son

correlation of 0.30, and mother-daughter correlation of 0.27. These

correlations were very small and did not really support his hypothesis.



Moreover, many researchers disagree with his idea that quantitative abilities are
determined by a single gene on a X chromosome (Halpern, 1992). Therefore
his hypothesis is not supported by contemporary researchers who are

sympathetic to the physiological view.

o o e

A second group of researchers are interested in the relationship between

cognitive abilities and gender differences in cerebral lateralization. They

believe that prenatal exposure 10 male sex hormones affect the development of

right hemisphere dominance. The right hemisphere processes non-linguistic and

spatial information and this ability is believed to relate to quantitative ability.

Studies that examine lateralization hypotheses focuses on scores of dichotic

listening tasks as an indicator of brain dominance.

Lake and Bryden (1976) assessed handedness and sex differences in

hemispheric asymmetry with 144 subjects. They found that there was a

significant sex difference: males' brains were more clearly lateralized than
females'.

Witelson (1976) investigated developmental change in brain

organization/structure and cognitive functioning. He examined 25 boys and 25

girls using a test comparing object perception in the left and right hand. He

found no differences for girls, but boys did better with left than right hand.



Witelson concluded that for boys, right hemisphere dominance for processing
non-linguistic and spatial information occurs around age six. However, for
girls, the right hemisphere does not dominate processing non-linguistic spatial
information until puberty. This result indicates differential information
processing on non-linguistic information between males and females.

Some evidence of lateral preference using dichotic listening tests was
provided by Kraft (1982). He administered two dichotic listening tests (digit
and environmental sound) to 48 second graders and 48 sixth graders. He found
that for non-verbal stimuli, males showed a left-ear advantage which indicates
right hemisphere dominance and girls showed a right ear advantage which
indicates left hemisphere dominance. He also found that the sex difference in
ear preferences (advantage) increased with task difficulty. However, there are
some studies that found no significant sex difference in right ear advantage on
dichotic listening tasks. For example, Hiscock and Mackay (1985) did not find
significant sex differences in a series of five consecutive dichotic listening
experiments with a large sample of 447 subjects. Hiscock and Hiscock (1988)
not only failed to find a statistically significant sex difference favoring males,
but surprisingly they found just the opposite: females showed a significantly
greater right ear advantage than males in detecting and localizing dichotic digit
names. Based on their results, they argued that sex differences depend on tasks

and are only found under some circumstances.



In order to clarify these inconsistent findings, Lewis, Orsini, & Sats
(1988) administered three different types of tasks to a large sample of normal
subjects. The three types of interference cerebral lateralization tasks were (a)
input interference (dichotic listening), and two output interference tasks, (b)
motor-motor interference task (concurrent finger tapping and verbal fluency)
and (¢) motor-cognitive interference task (concurrent finger tapping and silent
reading). They found sex differences only on the motor-motor interference
task, which supports Hiscock and Hiscock's conclusion ( 1988) that the sex
difference in cerebral lateralization depends on the task.

Even though there is some evidence showing sex differences in brain
organization, specifically, (¢.g., male's right brain dominance for processing
non-linguistic information), it is very difficult to explain how the observed
gender differences in mathematics performance is primarily caused by the
differential brain lateralization by males and females. Although it is a well
established fact that the right brain processes non-linguistic and spatial
information, this lateralization view fails to explain how spatial ability relates to
mathematics performance. The lateralization hypothesis would be useful only
if one can establish a relation between mathematics performance and spatial
abilities. In the next section the relationship between gender difference in

mathematics performance and spatial abilities is examined.
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2.2.3 Relationship Between Mathematics Performance And Spatial Ability

Linn and Petersen (1986) assessed the relationship between gender
differences in mathematics performance and spatial abilities based on two
criteria: (1) the magnitude of the gender deference in mathematics and spatial
ability, (2) the age at which gender differences first appear in mathematics and
spatial ability.

If there is any relation between spatial ability and mathematics ability,
we expect that the direction and the magnitude of the gender differences would
be similar. However, according to Linn and Peterson, this is not the case. The
magnitude of gender difference in spatial and mathematics performance depends
on the task and the sample. For example, males outperform females by almost
| standard deviation (SD) in The Vandenberg version of Shepard-Metzler
mental Rotation task at any achievement level of samples, but no significant
gender differences were found in other spatial tasks. Regarding mathematics
performance, males outperform females in SAT-M by a half-standard deviation
among high ability high school students but the differences are small among
average ability students and other mathematics tests do not generally produce
statistically significant differences between genders.

The second criterion concerned the age at which gender differences in
mathematics and spatial ability emerge for first time. If there is any relation

between spatial and mathematics abilities, we would expect that the gender
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differences in mathematics and spatial performance would appear at a similar
age. However, this also was not the case. Whereas gender differences in
spatial ability such as mental rotation were found as soon as they are
measurable, a large gender difference in mathematics performance (problem
solving tasks) does not emerge until adolescence.

Based on above findings, Linn and Petersen (1986) suggested that
although there is a substantial correlation, the relationship between spatial

ability and mathematics performance was inconclusive.

2.2.4 Studies Of Mathematically Precocious Students

Benbow (1988) summarized the results of studies done over the past two
decades on sex differences in mathematical reasoning ability in intellectually
talented preadolescents. In these studies, the SAT-M was used as a measure of
mathematical reasoning ability for 12- to 13 year-old students. The results of
studies show consistent and large sex differences favoring males in mathematical
reasoning ability over the years among those who are intellectually talented in
math. For example, the male/female ratio for students who scored over 700
was 13 to 1. Benbow also reviewed studies which examined gender difterences
in mathematics from various environmental aspects (attitudes toward
mathematics, parental expectations, sex-role stereotyping, differential course-

taking etc.) and physiological aspects (left-handedness, allergies, prenatal



hormonal exposure, and brain lateralization). Based on her analysis of these
studies, she concluded that "_..physiological correlates, especially the
possibility of prenatal testosterone exposure, lend credence to the view that sex
differences in extremely high mathematical reasoning ability may be, in part,
physiologically determined" (Benbow & Stanley, 1980., Benbow, 1988).
However, she has been criticized by many researchers mainly for the
following reasons. First, if the physiological correlates Benbow presenied were
really causally related to extremely high mathematical reasoning ability, even
in part, then these physiological correlates must be related only to
mathematical ability and should not be related to non-mathematical ability such
as verbal ability (Mayer, 1988). However, Benbow's data did not satisfy this
criterion. Most students who score extremely high in the mathematical part of
the SAT also tended to score high in the verbal part of SAT. Second, she
assumed that the SAT-M measures mathematical reasoning ability. However,
According to Hyde et al. (1990), SAT-M was categorized into combinations of
mathematical computation and reasoning problems. Therefore, one can not be
sure whether gender differences in SAT-Math reflect gender differences in
reasoning ability unless she analyzes the items on the SAT-M that were found to

have large sex differences among talented students.

o ot o o




The brief summary of genetic/physiological approach is as follows:

1) Sex-linked gene hypothesis : mathematical ability is a recessive gene on
the X chromosome that produces male superiority since males have only
one X chromosome. However, this hypothesis is no longer supported by
contemporary researchers because of lack of sufficient data.
2) Brain lateralization hypothesis: sex hormone-induced brain lateralization
might be responsible for the male superiority in spatial abilities that are
believed to relate to mathematics performance. However, the causal
relationship between spatial abilities and mathematics performance 1s
unclear.
3) Physiological correlates among mathematically talented students:
physiological correlates such as myopia, left-handedness, and allergies more
frequently appear among the intellectually talented students than average
students. However, these students who score high in mathematics
reasoning tasks also tend to score high in verbal or non-mathematical tasks.
Therefore, one may not be able to conclude that these physiological
correlates are responsible, even in part, for the gender difference in
mathematics performance.

In recent years, only a few researchers appear to believe the extreme nature

view of gender difference in cognitive abilities, such as mathematics abilities.

Most researchers are probably interactionists who believe that genetically



predisposed biological differences are partially, but primarily responsible for the
observed gender differences in mathematics performances. Interactionists
disagree, however, as to what percent of mathematical abilities they believe are
determined by biology and what percent of ability are determined by
environment. Some interactionists would say 20 % (biology) and 80%
(environment), while others might say 50% and 50%. The ditference between
nurture theorists and interactionists is that nurture theorists believe that the
gender differences in mathematics performance could be totally produced by
environmental factors without influence of genetically predisposed biological
differences. In the next section, the various variables of environmental

influences are discussed.

2.3 The Nurture View :
Environmental Hypotheses as The Explanations of
Gender Differences in Mathematics Performances
In contrast to the biological or interactionist view, some researchers take

the psycho-socialization approach. They believe that gender differences in
mathematics performances are primarily determined by the different ways that
males and females are socialized. These differences in socialization, in turn,
influence their motivation and attitudes toward mathematics. They investigate

effects of various socialization and motivational variables on gender differences

34
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in mathematics. Those variables are: (1) parental influence, (2) teachers'
treatment, (3) stereotypes of mathematics as a male domain, (4) mathematics
self-concept (or math self-efficacy or math self-confidence), (5) attributions for
success and failure on mathematics, (6) differential mathematics course taking,

and (7) attitude toward mathematics.

2.3.1 Parental Influences

Parents are the most important socializers for children. Several studies
have investigated parental beliefs about their child's mathematical ability and
their influence on the child's self-perception of his/her ability. A study by
Parsons. Adler, and Kaczala (1982) found that although parents of girls and
parents of boys did not differ in their rating their daughters' and sons'
mathematical ability, parents of girls believed that their daughters had to work
harder in mathematics and it was more difficult for them than for boys.

Jacobs (1991) examined how parents’ gender stereotypes about
mathematical ability influence their beliefs about their child's mathematical
ability and indirectly relate to the child's self-perception of mathematical ability
and performance. Approximately 400 parents and their 6th and 11th grade
children were given questionnaires concerning their beliefs about their child's
mathematics achievement and their stereotypes about males and females'

relative ability in mathematics. The results of path analysis showed that



parents' gender stereotypes had no direct effect on children's self-perceptions of
their ability. However, parents' stereotypes influence their beliefs about their
child 's ability through the sex of their child. In turn, parents' beliefs about
ability of their child directly influence their child's self-perceptions, and both
the parents' stereotypes and the child's self-perceptions influence the child's
performance.

Although these studies are correlational in nature, the impact of parental

beliefs about stereotype and ability on their children seems to be important.

2.3.2 Teachers' Treatment In Mathematics Class

Teachers also have an especially important impact on children is
mathematics learning. Several studies indicate that teachers treat boys and girls
differently in mathematics class. Becker (1981) examined teachers' interactions
with male and female students in geometry class. Based on her observation of
10 geometry teachers in 9th grade, she found consistent patterns for teacher-
initiated contact with male students. She also found that teachers encourage
male students more often than female students in their academic abilities and
pursuit. Seventy percent of such encouragement was directed toward male
students compared to only 30 percent of encouragement toward female students.
She also found that females received almost 90 percent of nonencouraging or

discouraging comments from teachers, although the absolute number of
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instances of nonencouragement or discouragement was much less than the
number of instances of encouragement.

Another study which investigated teachers' differential treatment was by
Gore and Roumagoux (1983). They examined teacher wait-time ( amount of
time which a teacher wait a student's response o his/her questions) between
boys and girls in five different mathematics classrooms including 79 boys and
76 girls in 4th grade. The results of their analysis indicated that teachers
allowed significantly more wait-time to boys than to girls.

The differential treatment by teachers might have a negative effect on
girls' perception of their own abilities (or self-confidence or self-efficacy in

mathematics) and ultimately on their mathematics achievement.

733 Self-Concept Of Mathematics (Self-Efficacy Or Confidence)

The importance of one's perception of one's own ability is well
documented in the achievement motivation literature. Among the psychological
constructs, self-concept of mathematical ability is one of the constructs for
which large gender differences have been found.

Marsh, Parker, and Barnes (1985) examined the self-concept of ability
901 students in grade 7 through 12. They administered the self-description
questionnaire I1 (SDQ II) to boys and girls. They found that males had

significantly higher self-concept than females in mathematics, physical ability
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physical appearance, general stability and general-self.

A longitudinal study done by Wigfield et. al. (1991) showed a similar
result. They examined the beliefs of 1850 6th and 7th graders in four domains
(math, English, social activities, and sports). Their results showed that boys
had significantly higher math- and sports-ability perceptions than did girls,
whereas girls had higher English-ability perceptions than did boys. Boys and
girls did not differ in their perceptions of social ability.

These findings are consistent with previous findings that males have
higher confidence in their mathematics ability than females do, even though the
previous achievement for females was almost the same or sometimes better than
males (Fennema & Sherman, 1977,1978; Parsons, Kaczala & Meece 1982).

In a study of mathematics self-efficacy, Randhawa, Beamer, and
Lundberg (1993) constructed a structural model of mathematics achievement in
relation to mathematics self-efficacy. They examined the fit of this model with
117 male and 108 female 12th grade high school students. Their measurements
included two attitude scales, three mathematics self-efficacy scales, and a
mathematics achievement test. The results of their analysis indicated that the
model identified mathematics self-efficacy as a mediator between mathematics
attitudes and mathematics achievement for both male and female students. This
study suggests an answer 1o the question: why do females who have low self-

efficacy often perform poorly compare 1o male counterparts with a similar



achievement history?

7.3.4 Attributions For Success And Failure

Causal attribution for success and failure is one of the important
psych()logical constructs in achievement motivation because of its predictive
power for future performances. Many researchers have documented gender
differences in attributional patterns. For example, Wolleat, Pedro, Beker, and
Fennema (1980) examined patterns of causal attribution for success and failure
on mathematics task. They found that males attribute their success experiences
in mathematics more strongly to ability than do females. In contrast, females
attribute their success experiences in mathematics more strongly to efforts than
males. A similar pattern difference was found in the attribution for failure.
Females are more likely than males to attribute their failure to lack of ability.

However, an early study done by Eccles et. al. (1982) pointed out the
methodological difficulty in the study of gender differences in causal attributions
for success and failure. They examined 330 students from fifth to eleventh
grade and used two types of questions ( open-ended or rank-order questionnaire)
to see whether the attributional patterns are consistent regardless of question
format. The result of their analysis indicated that the attributional patterns
differed depending on the question format used. The results of an open-ended

questionnaire showed that girls were more likely than boys to attribute both
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their success and failure to skill, whereas boys were more likely than girls to
attribute their success and failure to effort. In contrast, the result of analysis of

a rank-order questionnaire was consistent with other studies. Boys ranked

ability as a more important cause of success than did girls, whereas girls ranked

effort as a more important cause of su

failure, girls ranked Jack of ability more important than did the boys and they

ranked the importance of effort higher than did the boys. However, whether

these two forms of qucstionnaires measure exactly the same psychological

construct, causal attribution for success and failure, is questionable.

Other researchers have also assessed gender differences in attribution for

success and failure in different domains (e.g., math/science and language arts).

Ryckman and Peckman (1987) examined 731 boys and 680 girls in grade four

through eleven. They found that both boys and girls had more adaptive

attributional patterns (attributing SUCCESS to ability and failure to lack of effort)

in language arts than in mathematics/science. However, boys had more

adaptive attributional patterns in math/science than girls.

Stipek and Gralinski (1991) administered questionnaires which measure

achievement-related beliefs to 194 3rd graders and 279 junior high school

students. Girls were less likely th

and were more likely than boys to attribute success to luck and failure to low

ability. Girls also tended to have less pride in their success and were less likely
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to believe that success could be achieved through effort.

A very recent study on causal attribution in mathematics performance
examined gifted students. Cramer and Oshima (1992) assessed whether patterns
of causal attribution differ between gifted males and females and between non-
gifted males and females. The Survey of Achievement Responsibility Scale was
given to 76 gifted males, 77 gifted females, and 150 non-gifted students in

grades 3, 6, and 9. They reported that gifted females showed more self-

defeating or maladaptive (Dweck, 1986) causal attributions (i.e.,attributing

success to an unstable external variable such as luck or high efforts and

attributing failure to a stable and internal factor such as lack of ability) relative

to gifted male students in 9th grade. For the non-gifted students, the gender

differences were not as clear as those for gifted students.

These studies indicate strong evidence of a gender difference in

attributional patterns between male and female students, especially among those

who are highly talented. One of the variables which might influence these

gender difference in attributional patterns is one's stereotype about mathematics

as a male domain.

7.3.5 Stereotyping Mathematics As A Male Domain

In the recent meta-analysis by Hyde et al. (1990), the largest effect size

among various attitude variables was found in the stereotyping of mathematics



as a male domain (d=-0.9). They also reported that males hold significantly
stronger stereotypes regarding mathematics as a male domain than do females

Fennema & Sherman (1977) suggested that for females, perception of

mathematics as a male domain is related to lower confidence in mathematics

ability and to lower mathematical performances. Another study found a
significant relation between stereotyping mathematics as a male domain and

future plans for mathematics course taking, but only for males (Pedro et al

1981). In the next section, evidence of differential course taking will be

discussed.

7 3.6 Mathematics Course Takin

Many researchers argued that gender differences in mathematics

performances were the result of differential course taking for males and for

females. Fennema and Sherman (1978) tested 1320 students in the six through

cighth grades. They controlled for the number of mathematics courses students

have previously taken. The results of analysis suggested that when previous

mathematics courses are controlled, the differences between males and females

are very small. Therefore, they concluded that "the gender differences in

mathematics achievement result primarily from the differential number and

types of mathematics courses taken".

Pallas and Alexander (1983) examined the hypothesis that the gender



difference in the mathematical part of SAT performance may be due to
differential mathematics course- taking in high school. They found that the
difference in the average score of the SAT-math between males and females was
reduced dramatically when gender differences in mathematics course-work in
high school were statistically controlled, though it was not eliminated.

However, the question still remains as to why males and females decide to take
or not take advanced mathematics courses.

In order to answer this question, it is necessary to have a theory or a
model of achievement-related choice which includes all psychological and socio-
cultural variables that might influence one's decision to take advanced
mathematics courses. Among the theories of achievement motivation, the most
comprehensive model of achievement related choices which may answer this

question was espoused by Eccles and her colleagues (1983).

2.3.7 Eccles's Model Of Achievement Related Choice

Eccles and her colleagues (1983) constructed a model which tries to

explain why female students often choose not to take advanced mathematics

courses while male students who have similar achievement history choose to

take advanced mathematics courses with confidence. Their model is based on

an expectancy-value theory and is elaborated into a more concrete and complex

structure which includes the cultural milieu and various psychological constructs
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that influence students' achievement choices. Their conceptual model is shown

in in appendix B.
According to Eccles's model, the cultural environment such as gender

role stereotypes and role models influence the way children perceive and

interpret reality (past achievement or their own abilities in mathematics). The

cultural milieu becomes an important reference as they interpret their

experiences. For example, a girl who perceived mathematics as a male domain

might interpret her experience in mathematics as more difficult, which might

lead her to have a low self-concept in mathematics. Such elements directly

influence aspects of students' motivation such as their goals, expectations, t
p , eXp ons, task

values and so on. Ultimately, these factors determine one's performance and

choice (e.g., whether on¢ should take an advanced mathematics class or whether

one should major in science oOT in English literature).

This model was assessed by a path analysis. Most paths that were

indicated in Figure 4 were significant at 0.05 level except the path from

expectancies o intention to take more math (p<0.3). The results of their

analysis confirmed the importance of some psychological constructs - self-

concept of ability, attribution for past performance, and perceptions of

socializers' (parents and teachers) - as the critical variables to determine one's

expectancies, values, and future choice of math course taking. Low enrollment

of female students in advanced mathematics classes is likely to be the result of
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females' lack of self-confidence which leads them to perceive math as a more

difficult course and less valuable (Eccles, 1983).
Ethington (1992) examined the validity of Eccles's model (1983) with
data from the Second International Mathematics Study (SIMS). She found an

interesting result. Males and females differed in terms of psychological

variables which directly and indirectly influenced mathematics performance.

She suggested that the model of mathematics achievement for females might be

more complex than it is for males.

One important part of Eccles's model is its emphasis on the cultural

milieu as the origin of psychological and motivational gender differences which
ultimately produce the gender differences in mathematics performance.  Baker

and Jones (1993) explored the relation between gender stratification in nations

and their mathematics performance using SIMS data. They examined

mathematics performance of 77000 8th grade students from 19 countries and

data on gender stratification of advanced educational and occupational

opporlunities in each country. The results of their analysis indicated that

variation in the magnitude of gender differences in mathematics performance

among nations was related to variation in the gender stratification in educational

and occupational opportunities. Their longitudinal comparison (comparing data

at 1964 and data at 1982) showed that when a society moved toward being more

egalitarian in the access to higher education and occupation, the magnitude of



gender differences in mathematics performance declined, in every country that
2 e
participated. This study offers strong support for Eccles's model and the

researchers who endorse the nurture view .

2.3.8 Summary Of The Nurture View

Various social and psychological variables are reviewed in this section

The brief summary of these variables are described as follows:

1) Parental influences: Although parents do not believe that there is a

gender difference in mathematical ability, they believe that mathematics is

more difficult for their daughters than sons. These parental beliefs about

gender stereotypes on mathematics indirectly influence children's

perception of their mathematical ability.

2) Teachers' treatment in math class: Mathematics teachers te interac
rs tend to interact

with and encourage male students more than female students. They are also

likely to wait longer when male students answer a question than when

female students do.

3)Self-concept of math (confidence or efficacy): There is strong evidence

that male students have more confidence in mathematics skills than female

students even though males and females have similar achievement histories

4) Attribution for success and failure: Males are more likely than females

to attribute their success to ability and failure to lack of effort. This gender
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difference in attributional pattern is more prominent among the
intellectually talented students than average students.
5) Stereotype of mathematics as a male domain: Males hold stronger
stereotypes of mathematics as a male domain than do females. Only for

males, the stereotype of mathematics as a male domain correlates with

future mathematics course-taking.
6) Mathematics course taking: When mathematics courses previously taken

are statistically controlled, the gender differences in mathematics

achievement are considerably reduced.
7) Eccles et al. model of achievement related choice: The variables

previously examined individually are assessed altogether. Self-perception
of ability, attribution of past performance, and perception of socializers'
beliefs are important variables that determine one's expectancy, values, and
future mathematics course taking. Females' model for achievement related
choice was more complex than that for males.

8) Baker and Jones's study: Variations in size of gender differences in
mathematics performance among the nations related to variation in gender
stratification in educational and occupational opportunities. As nations
move toward being more egalitarian in access to higher education and

occupational opportunities, the gender difference in mathematics

performance is reduced in every country.



These findings provide strong evidence for the nurture hypothesis.

However, the following question has not addressed by these researchers: How

do these social and psychological variables influence actual performance, which

is a cognitive process? In the next section, some evidence of the differential

cognitive processes used by male and female students in mathematics problem

solving are explored.

2.4 Cognitive Approach

How individuals actually process mathematical problems or how

individuals utilize strategies they have learned are the questions some

researchers from the cognitive perspective have attempted to answer. Recent

trends toward a cognitive approach in research on mathematical problem

solving make it possible to understand underlying mechanisms in individuals'

mathematical problem solving processes. There are three types of cognitive
approaches; 1) error analysis, 2) problem solving processes and strategy

analysis, and 3) Jearning style.

2 4.1 Error Analysis

Marshall (1983) analyzed errors that were made by 6th grade boys and

girls in multiple choice problems. She found that girls were more likely than

boys to make mistakes due to the misuse of spatial information, the use of
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irrelevant rules, or the choice of incorrect operation. She also found that girls
make more errors on negative transfer and key word association, whereas boys
’ s N

were more likely than girls to make mistakes due to lack of perseverance and

formula interference.
Marshall and Smith (1987) in a longitudinal study examined children's

errors in mathematics performance on assessment tests for third and sixth

graders. Their results of error analysis showed that boys and girls differed

significantly in two error categories. Whereas boys tend to use incorrect rules

girls were more likely to make mistakes in associations. For example, when the

question is 1/2 + 2/3 =, boys often answer 3/5. They add numerators and add

denominators. In a word problem, girls often associate a word "altogether" to

addition regardless of the content of the question. These differences were found

in both third and six graders.

Whereas these researchers focussed on errors made by male and female

students, other researchers have focused on differential strategy use or problem

solving processes which bring correct answers between boys and girls. The

work of these researchers shall be examined next.

ocesses and Strategy Analysis

2.4.2 Problem Solving Pr

Among the few researchers who have focused on gender differences in

cognitive processes, Kelly-Benjamin (1990) studied strategy differences using
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an interview method. She at first identified five SAT-math items that have the
largest gender difference among high achieving students (at least a 12%

difference favoring males). Using these five items, she observed problem-

solving behavior individually. 20 male and 20 female students were selected
g ected as

the subjects based on their average mathematics grade (A or B+).  She gave

students ample time to solve the five items. After the subject solved the items,

she interviewed each subject about his or her solution methods for each item.

She found that girls were more likely to use mathematics knowledge and

procedures Jearned in math class, whereas boys were more likely than girls to

use test-taking skills such as examining answers. Even when they started out

using procedures learned in math class, they changed it quickly to intuitive or

creative strategies when they found difficult to pursue the procedures learned in

math class.

Byrnes and Takahira (1993) focused on the process of problem-solving

and investigated the effectiveness of cognitive operations used by male and

female students. They examined 49 male and 59 female high school students

using five SAT-math items (Kelley-Benjamin, 1990), a strategy questionnaire,

and prior knowledge tasks. The result of their analysis indicated that since there

is no statistically significant gender difference in prior knowledge and strategy

choice, other cognitive operations might be responsible for the observed gender

difference in performance. The result also showed that 50 % of the variance of
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SAT-Math score was explained by prior knowledge and strategy assembly and
that gender explained no unique variance.

Another qualitative study of differential strategy was reported by
Gallagher and De Lisi (1994). They examined SAT-math problem solving

strategies among high school students who scored 670 or better in SAT-math.

At first, they classified the SAT-M problems and the strategy used to solve the

problems into two categories: conventional or unconventional problems and

conventional or unconventional strategies. The conventional problems are those

that can be solved by only one type of strategy taught in school, whereas the

unconventional problems are those that can be solved either by a school-taught

procedure or more quickly by using estimation or insight. They used a think-

aloud method instead of interviewing after the problem solving. Twenty male

and 20 female students were asked to think-aloud while they were solving SAT-

math items. They found no gender difference in problem solving strategies on

conventional problems. However, they found that for unconventional problems,

female students relied more on conventional problem solving strategies

(procedures learned in math class) whereas male students were more likely to

use unconventional strategies (strategies that are not taught in math class and

that require insight or creative thinking). At the same time, they also reported

that although difference in strategy choice between two genders was found,

there was a large overlap in problem solving strategy choice between males and



females.
The way individuals solve a mathematics problem was often influenced
by the way the individuals learned the mathem