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piece in the jigsaw of factors that contribute to sex differences in mathematics 
learning. 

Factors such as the ones discussed so far can be organized constructively 
to increase our understanding of sex differences in mathematics learning in 
a number of different ways. Three different explanatory models are described 
in the remainder of this paper. 
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Male superiority in mathematics is found especially in performance on tasks 
of high cognitive complexity such as true problem solving (Fennema, 1981). 
To do tasks of such complexity, one must be able to work independently, 
persist, choose, and succeed at such tasks. These behaviors, autonomous 
learning behaviors (ALB), are hypothesized to serve as mediators between 
internal/external influences and mathematics performance in tasks of high 
cognitive complexity where sex-related differences in mathematics are found. 
ALB are developed over a period of years and are iearned as one is allowed, 
forced, or expected to do them. Greater participation in ALB leads to greater 
development of ALB which in turn leads to better performance on high cogni- 
tive level tasks. 

Do boys, more so than girls, participate in ALB, develop their ALB to 
higher levels and thus, perform better on tasks of high cognitive complexity? Is 
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the ABL model a causal explanation of sex-related differences in mathematics? 
Direct evidence that answers this question is as yet unavailable, but several lines 
of inquiry indicate that lack of development of ALB is reasonable explanation 
for sex-related differences in mathematics. Males, much more than females, 
are independent (Maccoby and Jacklin, 1974). Evidence of dependency by 
females is remarkably stable from ages 3-14 (Kagan and Moss, 1962). Teachers 
report boys’ greater independence on problem solution (Fennema and Peterson, 
in preparation). Greib and Easley (1984), in reporting on systematic obser- 
vations over a period of years, state that “hundreds of young girls and women 
demonstrate specific patterns of behavior such as dependence on memorization” 

(P. 3). 
Why do some children, particularly girls, participate in activities that lead to 

the development of ALB while others do not? To find an answer to this 
question, we must look at a person’s internal belief system. An internal belief 
system about mathematics and oneself motivates a person to participate in 
behaviors that lead to development of ALB. Of particular concern here are 
differences in internal beliefs that might help explain differential participation 
and development of ALB by females and males. Several interrelated com- 
ponents of an internal belief system seem important. Sex-related differences 
in confidence in one’s ability in mathematics and perceived usefulness of math- 
ematics appear at an early age (Fox, 1980; Fennema, 1981). Both of these 
factors are related to’ and perhaps a part of another factor, one’s pattern of 
causal attribution for successes and failures in mathematics. Females tend to 
display a causal attributional style called learned helplessness more so than do 
males (Dweck and Repucci, 1973; Deaux, 1976). Successes tend to be attributed 
to unstable, external causes and failures to stable, internal causes leading one 
to feel helpless in avoiding failure or achieving success. The relationship of 
attributional styles and the ALB of persistence, choice and independence has 
been clearly demonstrated in laboratory settings (Dweck and Repucci, 1973). 

What influences the development of sex-related diffferences in these internal 
motivational beliefs? Perhaps the most important influence is another pervasive 
internal belief - the congruence seen between one’s sex-role identity and 
achievement in mathematics. Evidence exists that females do not percieve that 
mathematics achievement matches a perceived female sex-role identity (Frieze 
and Hanusa, 1984; Nash, 1979). 

External factors also influence participation in and development of ALB. 
Although other important external factors no doubt exist, the concern here 
is with those factors with which we are most qualified to deal, have the greatest 
potential for change, and have the most direct influence on the learning of 
mathematics. For these reasons the focus is on classrooms because it is in 
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the classroom where children participate in ALB. Classroom environments are 
different for girls and boys. Numerous studies have shown that teachers do, 
not interact in the same way with girls and boys. Boys interact more with teachers 
than do girls, girls have many more days in which they do not interact at all 
with the teacher, boys initiate more contacts with teachers than do girls, and 
teachers initiate more contacts with boys. Boys receive more discipline contacts, 
and more praise. Teachers accept wrong or poor answers more often from 
boys. While teachers respond more frequently to requests for help from boys 
than from girls, teachers tend to criticize girls more than boys for the academic 
quality of their work. Teachers interact more with high achieving boys than 
with high achieving girls and interact less with girls who have high confidence 
in learning mathematics than with high confidence boys. High confidence boys 
interact at higher cognitive levels with their teachers more often than high 
confidence girls (see Fennema and Peterson, in press, for a more complete 
review of classroom studies). It appears reasonable to assume that differential 
classroom experiences influence the development of one’s internal motivational 
beliefs, and/or directly influence the participation in ALB. 

The learning of mathematics, particularly the skills required to perform high 
level tasks, does not occur quickly and at one point in time. Rather, these skills 
are developed over a long period of years by participating many times in the 
activities necessary for performing the high level tasks. Indeed, a very circular 
path is required. One learns to do high level tasks by choosing, persisting, and 
succeeding at high level tasks. These ALB serve as the mediators between 
classroom processes, internal motivational beliefs, and achievement in math- 
ematics. If the model proposed here has validity, it will provide a partial expla- 
nation of why females are not achieving equity in mathematics education. 
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All too frequently, females choose not to take more advanced mathematics 
courses (see Eccles, 1984. Meece et al., 1982). While many researchers have 
expressed an interest in this problem, especially in the effects of attitudes 
on achievement and course selection in mathematics, their research has been 
seriously limited by a number of methodological and conceptual shortcomings. 
Of major importance is the lack of an integrative theoretical framework to 
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