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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 about mathematics, math self-concept, gender stereotypes about mathematics, parental and peer influences, and sex role demands.  Today, we would like to take a close look at gender differences in attitudes toward mathematics.  Previous research has explored the role of attitudes in participation and performance using self-report measures.  These measures require that the participant consciously reflect and then report on his or her attitudes about mathematics.  Our approach is distinct in that we do not require conscious reflection or self-report, our measurement tries to get at the attitude in its unconscious, implicit, or automatic form.


Implicit measures are unique from explicit measures of attitude or belief.  Implicit attitudes and beliefs are automatic and uncontrollable responses to social or non-social objects.  Implicit attitudes are measured indirectly and do not require self-report or conscious reflection.  Implicit measurement is not a new way to get at the same general attitude observed with explicit measurement -- it may provide a distinct measure of attitudes.  In fact, previous research has observed little or no relationship between implicit and explicit measures of attitudes.  The use of implicit measurement to gather information about that individual’s attitudes toward mathematics affords us the opportunity to expand the exploration of factors that influence gender differences in orientations 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 targets concepts, like Math and Arts, and an evaluative dimension like pleasant/unpleasant.  The test provides a relative measure.  That means that a target concept, like mathematics, must have a contrasting domain, like Arts.  A participant’s responses will indicate 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?  Is there an overall negative attitude toward math among American college students?  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.  A relative attitude toward mathematics 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 measure, 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.  Indeed, a gender difference in implicit attitude toward mathematics was observed.  Both males and females revealed a negative attitude toward mathematics.  However, females’ RAI of -193ms was significantly larger than males’ RAI of -97ms.  In fact, this gender difference was quite large with a striking Cohen’s d effect size of 1.03.


[Slide 7] We asked a similar question of implicit attitudes toward science.  Do females have more negative attitudes toward science than males even outside of conscious control?  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.  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] Few studies have demonstrated a relationship between implicit and explicit measures.  Some have suggested that the observed lack of correlation may be due to the narrow class of the domains that have been explored with implicit measures.  Considerable ‘implicit’ attention has been paid to attitudes and beliefs that carry significant social desirability, like racial attitudes, which may shroud the opportunity to observe any implicit/explicit relationships.  Attitudes toward mathematics do not seem to carry the same social desirability standards as domains like racial attitudes.  When we compared our implicit measures of attitudes toward mathematics with some self-report measures of attitudes toward mathematics, we observed a correlation of .530.  This suggests that implicit and explicit measures can be related to each other, and is consistent with the notion that social desirability may determine whether a relationship between implicit and explicit measures is obtained.  However, much more work needs to be done to understand and predict which domains will reveal a relationships between implicit and explicit measures.  


[Slide 9] How might implicit measures of attitude relate to an outcome measure like performance?  We asked participants to report their SAT scores which, because most of our students were first or second year college students, were assessed one to three years earlier.  Previous research has found that attitudes toward mathematics are often related to performance.  Could implicit measures show a similar relationship between attitude and performance?  Because the IAT is a relative measure of attitude toward mathematics compared to the arts, we made our SAT performance measure a relative measure also by taking a difference score between performance on the mathematics portion of the SAT versus the verbal portion of the SAT.


Correlations between implicit and explicit attitudes toward mathematics and relative SAT performance are broken down here by gender.  Unsurprisingly, explicit attitudes toward mathematics were moderately related to SAT performance.  More impressively, implicit attitudes toward mathematics were significantly related to performance.  In fact, for males, the relationship between implicit attitudes and performance was of similar strength as the relationship between explicit attitudes and performance.  Importantly implicit and explicit attitudes toward mathematics do not explain all of the same variance in SAT performance. In a simultaneous regression equation predicting performance, both implicit and explicit attitudes toward mathematics have significant predictive power.  This finding is important at two levels.  First, implicit measurement of attitudes can relate to outcome measures like performance.  Second, implicit measures of attitudes toward mathematics explain variance not explained by explicit measure of attitudes toward mathematics.  This suggests that while implicit and explicit measures of attitudes toward mathematics are related, they may have independent explanatory power for behavior.


[Slide 10] Presumably, a student’s choice of college major is partly based on his or her attitude toward that major.  Our sample consisted of primarily first and second year college students who were in the process of selecting their major.  We would expect that individuals who chose mathematically oriented majors would feel more positively about mathematics than individuals who chose majors that did not emphasize mathematics. We might even expect that gender differences in attitudes toward mathematics might disappear when comparing only those students who select mathematically oriented careers since they have self-selected into mathematical fields.  


We split participants into two groups to compare implicit attitudes toward mathematics between math-intensive majors and math-nonintensive majors.  Our non-science label here represents all majors in the arts and humanities, as well as the social sciences which do not emphasize mathematics in their curricula.  The science group represents all students who reported having a math-intensive major like math, statistics, or physics.  As expected, our analysis revealed a main effect for major.  Those individuals who selected math-intensive majors showed higher liking for mathematics.  However gender differences in attitudes toward mathematics did not disappear, or even decline, when comparing female and male science majors.  Female science majors showed significantly more negative attitudes toward mathematics than male science majors.  What is particularly striking is that female science majors showed as negative an attitude toward mathematics as males who chose non-mathematical majors.  This means that females who are committed enough to select mathematically oriented careers still show implicit attitudes as negative as males who selected non-mathematically oriented careers.  These negative implicit attitudes toward mathematics in mathematically oriented females could potentially contribute to the greater proportion of females filtering out of the math and science career track.  One obvious question here is, how do self-reported attitudes toward mathematics of female science majors compare with their implicit attitudes toward mathematics?


[Slide 11] We can compare implicit and explicit attitudes toward mathematics by standardizing the relative attitude scores.  This graph reveals that female non-science majors as well as male non-science majors and science majors, held similar implicit and explicit attitudes toward mathematics relative to the rest of the sample.  Female science majors, on the other hand, show a dissociation between their explicit attitudes toward mathematics and their implicit attitudes toward mathematics.  That is, female science majors self-report much higher explicit attitudes toward mathematics than revealed by an implicit measure of attitudes toward mathematics.  While only speculative, this dissociation may have important implications in female’s perseverance in mathematical domains.  For females who have chosen a science major early in their college career, positive explicit attitudes toward mathematics may ultimately give way to more negative implicit attitudes toward mathematics resulting in the abandonment of the mathematically oriented major.  Addressing this possibility is a goal of future research.


[Slide 12] 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 and explicit attitudes toward mathematics were related despite a nearly ubiquitous lack of relationship in most studies comparing implicit and explicit measures, (3) both implicit and explicit attitudes toward mathematics are related to outcome measures like performance - each was able to explain unique variance in performance, and (4) female science majors have surprisingly strong negative implicit attitudes toward mathematics, even as negative as non-science males, which is dissociated from their explicit attitudes toward mathematics.
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