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[Slide 1] Over time, females filter out of mathematics and science at a much higher rate than males.  While the same in high school, female participation rates relative to males in mathematics and science begin to decline in college and continue to sink until, by the time women reach the workplace, they represent only 22% of employees in mathematical and scientific domains (NSF, 1996).


[Slide 2] Disparities are even greater when we examine sciences that are math-intensive.  Only about 35% of undergraduate physical science and math and computer science degrees, and 16% of undergraduate engineering degrees go to females.  Doctoral degrees have an even greater disparity showing that fewer females relative to males are staying in the math and science career track.  In fact, fewer than 10% of the doctoral degrees awarded to physicists and engineers are earned by females (NSF, 1996).  


[Slide 3] A similar decline for females is observed in mathematics performance.  While no math performance differences are present between males and females in elementary and secondary school, by high school and college, differences favoring males emerge.  These differences are greatest when considering highly selective samples such as gifted children (Hyde, Fennema, & Lamon, 1990).  On the Scholastic Aptitude Test, the most important math performance test of every aspiring student’s life, males consistently outperform females.  In fact, as many as 96% of the perfect or near-perfect scores on the SAT math test are achieved by males (Feingold, 1988).  That  means that 24 times as many males than females achieve the highest scores on the most important test for determining college admissions.


[Slide 4] A variety of mechanisms have been offered to explain these dramatic gender differences including:  attitudes toward mathematics, the link between math and one’s self-concept, and gender stereotypes about mathematics. Previous research has explored the role of attitudes and beliefs in participation and performance by using self-report measures.  These measures require that the participant consciously reflect upon and report his or her attitudes and beliefs about mathematics.  Our approach is distinct in that our measures do not require conscious reflection or self-report.  Rather, our measurement technique tries to get at the attitude or belief in its unconscious, implicit, or automatic form.


Implicit measurement is, in part, a new way to get at the same general attitude observed with explicit measurement.  But, implicit measures are also conceived of as providing a unique measure of attitudes.  In fact, previous research has shown little or no relationship between implicit and explicit measures of attitudes or beliefs.  The use of implicit measurement to gather information about that individual’s attitudes and beliefs affords us the opportunity to expand exploring factors that influence gender differences in orientation toward mathematics.


[Slide 5] To measure implicit attitudes and beliefs about mathematics, we utilized a procedure developed by Tony Greenwald, Deborah McGhee, and Jordan Schwartz at the University of Washington called the Implicit Association Test, or IAT (Greenwald, McGhee, & Schwartz, 1998).  The IAT is a computer-based reaction time measure that provides an estimate of the degree of association between target concepts, like Math and Arts, and an evaluative dimension like pleasant/unpleasant.  The test provides a relative measure of attitude.  That is, attitudes toward mathematics are measured in the context of a contrasting category, for example, arts.  A participant’s response indicates an implicit attitude toward mathematics relative to his or her implicit attitude toward arts.


Participants classify items representing ‘math,’ ‘arts,’ ‘pleasant,’ and ‘unpleasant’ categories under two conditions.  In one condition, math is paired on the same key as unpleasant items while arts is paired on the same key as pleasant items.  In the other condition, math is paired with pleasant items while arts is paired with unpleasant items.  If you are an individual who strongly dislikes mathematics then you ought to find it much easier to classify math and unpleasant items together then you would to classify math and pleasant items together.  The difference in time that it takes to complete these two opposing configurations is said to provide an implicit measure of preference for mathematics. 


[Slide 6] While gender differences in attitudes toward mathematics have been observed in self-report measures, have they penetrated deeply enough to be revealed using measures even outside of conscious control?  In particular, do females have more negative attitudes toward mathematics than males at an implicit level?  The center of this overhead displays a sample of the stimuli used to represent these categories.  An attitude measure was calculated by subtracting the mean response time when mathematics was paired with pleasant from the mean response time when mathematics was paired with unpleasant.  We call this difference a relative attitude index, or RAI.  Thus, a positive value indicated a positive attitude toward mathematics relative to the arts and a negative value indicated a negative attitude toward mathematics relative to the arts.  We see that, both males and females revealed a negative attitude toward mathematics.  A gender difference in implicit attitude toward mathematics was also observed -- females’ RAI of -193ms was significantly larger than males’ RAI of -97ms.  In fact, this gender difference was quite large with a striking effect size using Cohen’s d of 1.03.


[Slide 7] We asked a similar question of implicit attitudes toward science.  Do females have more negative implicit attitudes toward science than males?  Our implicit measure was easily adapted by changing the ‘Math’ label and math-related stimuli to ‘Science’ and science-related stimuli like Physics, NASA, and Einstein. Again, both males and females show negative attitudes toward science, but females display significantly greater negative attitudes toward science than males.  These two findings demonstrate that females do indeed show more negative attitudes toward mathematics and science than males even with measures that tap implicit cognition.


[Slide 8] So far we have demonstrated that females hold more negative implicit attitudes about mathematics than males.  Another interest is to examine those factors that relate to an individual’s orientation toward mathematics.  Heider’s balance theory may provide a useful context to examine factors that could relate to an individual’s orientation toward mathematics.  Essentially, Heider argued that we tend to have the same positive or negative feelings about objects or persons that go together or are associated.  We can apply Heider’s balance theory to implicit orientations toward mathematics and make three predictions.  First, if gender identity can be measured implicitly, we ought to observe a positive link between self and feminine for females and a positive link between self and masculine for males.  Second, if gender stereotypes about math can be measured implicitly we ought to see a link between mathematics and masculinity.  Both males and females should show knowledge of the stronger relationship between math and masculinity than math and femininity.  For males, the positive link between self and male and a positive link between math and male predicts a positive link between self and math.  However, for females, a positive link between self and female combined with a negative link between female and math should produce a negative link between the self and math to achieve balance.  According to balance theory, for females the link between self and math must be negative because the positive association between self and female requires that their relationship to a third variable, in this case math, must be the same polarity.


[Slide 9] To test the link between the self and gender we developed an implicit measure of gender identity.  To do this we pitted the concepts masculine and feminine against a dimension of self and not-self, or “I”/”They”.  All masculine and feminine words were denotative of the category such as “brother”, “father”, or “he” for masculine items or “sister”, “mother”, or “she” for feminine items.  Thus, masculine and feminine in this case were not indicative of roles or personality traits, but of maleness or femaleness.  An individual who finds it easier to classify stimuli when “I” is paired with “masculine” than when “I” is paired with “feminine” is said to have a masculine gender identity.  Whereas, an individual who classifies stimuli more easily when “I” is paired with “feminine” than when “I” is paired with “masculine” is said to have a feminine gender identity.  As expected this IAT revealed that females identify with feminine and males identify with masculine.  This finding supports the first leg of our Heiderian triangles.  For males, the self is positively linked to maleness and, for females the self is positively linked to femaleness.
[Slide 10] Next, we assessed implicit gender stereotyping of mathematics.  This measure requires classification of masculine and feminine items identical to those described in the gender identity measure.  We pitted the concepts masculine and feminine against math and arts.  Implicit stereotyping of mathematics as masculine should be seen in the more rapid classification of math when paired with masculine items than when math is paired with feminine items.  In fact, both males and females show implicit stereotyping of mathematics as male in dramatic fashion.  The effect size of the main effect, as measured by Cohen’s d, was about 1.5.  This finding is supportive of the second leg of our Heiderian triangles.  Math links positively to male and negatively to female. Thus, we have general support for two of the three legs of our triangles.  Balance theory predicts what the third leg should be.  Females ought to identify with math significantly less than males.


[Slide 11] To assess the implicit links between math and the self, we adapted our task utilizing dimensions used in some of the other tasks.  In this scenario participants who were highly identified with mathematics would find it easier to respond when “math” is paired with “I” than when “math” is paired with “they.”  Conversely, participants who were not identified with mathematics would find it easier to respond when “math” is paired with “they” than when “math” is paired with “I.” Our data reveals that females identified with mathematics less strongly than males.  Indeed, females identified significantly more strongly with arts than with mathematics, while males show a slightly stronger association between the self and math.  This finding provides general confirmation for the principles of balance theory - in this case to understand implicit orientations to gender and mathematics.


[Slide 12] We have applied balance theory to relations between the self, gender, and mathematics.  We can increase a level of abstraction and make a similar comparison of gender identity, gender stereotyping of mathematics, and the link between mathematics and the self.  Examining correlations among our implicit tasks can provide additional support for the application of balance theory to implicit beliefs about mathematics.  The evidence here suggests that a balance approach is supported for females and not for males  For females, stronger femininity is associated with stronger stereotyping of mathematics as masculine.  That is, the more females identify with femininity, the more they stereotype math as masculine.  Also, the more females identify with femininity the less they link mathematics to the self.  Finally, the more females stereotype math as masculine, the less they link mathematics to the self.  In sum, the links between gender identity, gender stereotyping of mathematics, and linking of mathematics to the self look to be strong for females, but much weaker for males. 


[Slide 13] We have some data to suggest that males’ beliefs about mathematics may be more related to their performance.  We asked participants to report their SAT scores which, because most of our participants were in their first years of college, were obtained one to three years earlier.  Here we see that the better that males performed in math, the more they stereotyped math as masculine.  Also, the better that males’ performed in math, the more they linked math to the self.  Such relationships are not observed in our females’ data.  In conclusion, this set of relationships suggests that males and females differ in what determines their orientations toward mathematics.  In a culture that stereotypes math as a masculine domain, for females to identify with mathematics, they may have to disidentify with being female.


[Slide 14] Today we have shown the following:  (1) gender differences in attitudes toward mathematics can be revealed measuring outside of conscious control - females revealed more negative attitudes toward mathematics than males, (2) implicit relationships between self, math, and gender were consistent with Heider’s balance theory, (3) for females, gender identity was more strongly related to implicit beliefs about mathematics, and (4) for males, performance related to implicit beliefs about mathematics. This work suggests a need for a deeper investigation into the implicit nature of attitudes and beliefs about mathematics that might help to explain gender differences that occur in participation and performance in math and science domains.  While we have discussed some intriguing correlational relationships a more complete investigation needs to be done to understand the causal relationships between these variables if they indeed exist.
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