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[Slide 1]  Today I would like to summarize some our work that investigates the implicit nature of gender differences in orientations toward mathematics.  I will describe a research program where we are utilizing a variation of Heider’s balance theory to predict and understand the structure of implicit social cognition for mathematics.  Using balance theory as an organizing principle I will show you that the structure of implicit attitudes and beliefs about mathematics holds provocative possibilities for the role of implicit, or automatic, cognition in our participation, performance, and attitudes toward mathematics.

[Slide 2]  In the United States, there is a general phenomenon of negativity toward mathematics.  We see disinterest in mathematics in the declining participation despite burgeoning job markets in mathematically related fields, lower math performance than virtually all other developed countries, and strong negative attitudes toward mathematics relative to other academic domains.  The major consequence of this is that many students are not qualified, or are under-prepared for some of the most desirable jobs in our economy in the new ‘Internet order.’  This negative orientation toward mathematics is not limited to comparisons of Americans to other nations.  Within the United States, dramatic gender differences exist in participation, performance and attitudes toward mathematics.  For this talk, I will focus on our research exclusively relevant to gender differences in orientations toward mathematics.  

Participation in mathematics drops precipitously once it is no longer a requirement.  This drop in participation is especially strong for females (seen here in green).  While high school girls participate in mathematics at the same rate as high school boys, the proportional representation of females drops systematically during the remainder of the education and into career choices.  This decline in participation has serious consequences as it significantly limits females’ access to numerous desirable career domains.

[Slide 3]  Differences in performance are somewhat less dramatic, but certainly do not justify a sigh of relief.  Janet Hyde and her colleagues meta-analyzed hundreds of studies on math performance.  Like participation, females show a systematic decline in performance relative to males.  Though females in elementary school actually slightly outperform males, by high school and college males are outperforming females by an increasing margin.  This difference is strongest on standardized tests, like the SAT, which are important determinants of college admissions. 

[Slide 4]  Gender differences are strong in attitudes toward mathematics.  Hordes of research investigations demonstrate that females self-report more negative attitudes toward mathematics than males.  We see this pattern in our own research.  Our laboratory maintains a website where visitors can assess their implicit attitudes toward a variety of topics using the IAT (as described by Kristi Lemm in the previous talk).  One of the measures we maintained on the site for about a year assessed attitudes toward mathematics relative to the arts.  In addition to measuring implicit attitudes toward math, participants self-reported those attitudes.  The following figure shows self-reported attitudes toward mathematics relative to the arts on the y-axis separated by age group on the x-axis.  Negative values indicate a dislike of mathematics.  In this large sample, females from the ages of 12 to 70 self-reported negativity toward mathematics.  This negativity is strong and present across the lifespan.  At every step (down to age 12), males did not self-report as much negativity toward mathematics as did females.   These findings are quite stable as the points for each age group appearing on this graph represent from 400 to 3000 participants.

Previous research has depended on participants’ conscious reporting of preferences and beliefs about mathematics to explain gender differences and their consequences for behavior.  This approach depends on participants’ ability to access and report the contents of their mind, and even to accurately reflect upon the causes of their own behavior.  John Bargh and his students, among others, are providing us plenty of evidence to suggest that people may not be able to do this easily, if at all.

[Slide 5]  In many laboratory studies, we tested implicit orientations toward mathematics using the IAT.  The IAT requires that a concept like mathematics be pitted against an opposing concept.  For consistency, all the data I report today will use ‘Arts’ as the opposing concept, though we have made similar demonstrations with a variety of other comparison categories.  ‘Arts’ is a good comparison category because it captures a significant subsection of the alternative domains that college students can choose when deciding on career paths, or at least when choosing a major for undergraduate study.  

To measure implicit preferences for mathematics we first measured the time required for participants to classify math terms with unpleasant terms (while at the same time classifying arts items with pleasant terms).  Next, participants classified the same terms but the pairing was switched:  math terms were paired with pleasant terms (and arts terms with the unpleasant terms).  The difference in time taken to classify math with unpleasant relative to math with pleasant is said to be a measure of automatic preference for mathematics relative to arts.  Positive values indicate liking for mathematics relative to the arts, negative values indicate disliking for mathematics relative to the arts.

[Slide 6]  In laboratory samples, we have consistently observed a general negativity toward mathematics.  Participants found it easier to pair math with unpleasant than math with pleasant.  In addition, females (in green) showed much greater negativity toward mathematics than did males (in blue).  This difference is quite large as evidenced by a d value of over 1.0 (where .8 is considered a strong effect).  

[Slide 7] We can also look to our website for additional evidence that females evaluate mathematics more negatively than males even on tasks that require no conscious reflection on the attitude.  From age 12 to age 70, females negatively evaluate mathematics implicitly. Males also consistently show a negative evaluation of mathematics but, at EVERY age, they are less negative toward mathematics than are females.  Negative attitudes toward mathematics are as consistent and dramatic at the implicit level as they are at the explicit level and these differences are highly reliable.  

Where then, do these differences come from?   We have revived classical theories of cognitive consistency to help us understand the structure and function of our implicit preferences and beliefs.  

[Slide 8]  The most prominent of these cognitive consistency theories is Heider’s balance theory.  The basic tenet behind this theory is that evaluations of related objects tend to correspond.  If we feel positively toward object A and it is related to object B, then we will probably like object B as well.  This simple theoretical statement can be extended and applied to implicit orientations toward mathematics.  

Examine the right leg of the top triangle.  For females, there should (generally) exist a positive association between the self and the category female.  The consequence of such an association is reflected in the positive sign linking the concepts ‘me’ and ‘female.’  Looking at the right arm of the bottom triangle, males should show an opposing positive association between the self and male.  

The bottom leg of these balance triangles reflects the stereotype that males are associated with math and females are not.  If this stereotype has a basis in implicit cognition, then females will show a negative link between the concept ‘math’ and the concept ‘female.’  Males then ought to show a positive association between the concept ‘math’ and the concept ‘male.’  

This stereotype should have opposite consequences for males’ and females’ identification with the concept mathematics.  For females, because the self is associated with female and math is not associated with female, balance could only be achieved if the self does not associate with math.  For males, positive associations between the self and male and male and math predict that the self will be positively associated with math.  Research on the self largely assumes that things that become associated with the self tend to be liked.  If our triangle hypothesis is confirmed, the gender differences in the balance triangles might partially explain why attitude differences emerge.

[Slide 9]  To test these predictions, we measured each leg of the triangles with the IAT.  In this first task we pitted the concept of ‘self’ against masculinity and femininity (as defined by gender denotative terms for masculine and feminine like ‘he’, ‘she’, and ‘son’, ‘daughter’).  Positive values indicate a link between the self and feminine while negative values indicate a link between the self and masculine.  As you can see, females identified with femininity and males identified with masculinity.  This confirms the first leg of our balance triangle.  Females link the self with femaleness and males link the self to maleness.  

[Slide 10]  To test the second leg of our triangles we measured participants automatic associations between the concepts masculine and feminine and the category mathematics.  Negative values indicate a link between masculine and mathematics.  Positive values indicate a link between feminine and mathematics.  Both males and females held strong automatic stereotypes of mathematics as a male domain and these stereotypes were not significantly different from one another.  This finding confirms the second leg of our balance triangles.  Females held a negative link between feminine and the category mathematics, males held a positive link between masculine and the category mathematics.  

[Slide 11] Our hypotheses required that the final leg of our balance triangle show that males and females hold different implicit self-identification with the category mathematics.  Negative values on this graph indicate that participants associated the self more strongly with the arts than with mathematics.  Positive values indicate that participants associate the self more strongly with mathematics than with arts.  This finding confirms the last of our triangles.  Females were less automatically identified with mathematics than were males.  

In summary, balance principles effectively predicted the structure of implicit orientations toward mathematics.  One consequence of these associations may be to facilitate females’ negative attitudes toward mathematics.

[Slide 12]  We have observed that balance principles predict basic associations among measures of automatic beliefs and preferences.  In our research program we have also noted that implicit evaluations are not insular to basic associations in our minds but may also have consequences for complex behavior.  In particular implicit evaluations have unique predictive power of performance.  In the studies I have just described, we asked participants to report their SAT performance.  To make the performance measure parallel to our relative implicit and explicit attitude measures, we took a difference score between the SAT math and SAT verbal subsections.  Perhaps unsurprisingly, self-reported attitudes were associated with performance.  People are able to use information about performance to inform their conscious preferences for those domains.  In fact, many research demonstrations show that we tend to have conscious liking for things that we are good at.  More impressive was the observation of an association between implicit attitudes and SAT performance.  Implicit attitudes cannot be directly informed by knowledge of performance.  Thus, the connection between implicit attitudes and performance is more indirect than the link between conscious attitudes and performance.  This finding is even more remarkable considering that when both attitude types are included in a simultaneous regression, they each remain significant predictors of SAT scores.  Implicit and explicit attitudes have independent predictive power of performance

This phenomenon does not appear to be restricted to performance in the past.  In a more recent collaboration with Mickey Inzlicht at Brown University, we observed that implicit measures were good predictors of a math performance task administered in the same session.  

[Slide 13]  Another issue of predictive validity of implicit measures concerns their relationship with conscious measures of attitudes.  Implicit measures, like the IAT, do not frequently correspond with explicit measures of the same attitude.  We have already observed in this talk that the main effects and basic gender differences are preserved across measurement type.  Females dislike math more than do males whether implicit or explicit measures are used.  We have also observed strong, stable correlations between implicit and explicit measures.  For example, our data collected via the Internet shows stable implicit/explicit correlations across age groups.  

In this graph, the y-axis represents simple zero-order correlations between implicit and explicit attitudes toward mathematics.  These correlations hover between .3 and .5.  Impressively, this correlation is based on an explicit measure that is only a single question on a 5-point scale.  This correlation is not moderated by gender, race, or any standard demographic variable that we have tested to date.  The overriding question we have moved to is not whether implicit and explicit attitudes will be related, but ‘under what conditions’ will they be related?  In our own research we are getting an inkling of when particular group memberships might have consequences for implicit/explicit relations.  In some cases, when implicit and explicit attitudes are out of alignment, negative consequences for orientations toward mathematics could occur.  

[Slide 14]  One example is the following data of undergraduates that compares mean levels of implicit and explicit preference separated by gender and mathematical demands of a chosen major.  ‘Non-math’ majors were majors where little to no math was required such as History or Sociology; ‘math’ majors required more substantial experience and investment in mathematics such as Physics or Engineering.  We standardized the scores of participants’ explicit and implicit attitudes toward mathematics for comparison purposes.  Thus, positive values indicates liking for mathematics relative to the rest of the sample, not an absolute liking for mathematics.  Bars of similar magnitude reflect correspondent implicit and explicit attitudes.  Indeed, ‘non-math’ major females held similar negative implicit and explicit attitudes toward mathematics.  ‘Non-math’ major males were more positive toward mathematics, but also held similar implicit and explicit preferences.  ‘Math’ major females, however, showed a dissociation between implicit and explicit attitudes toward math.  It looks as if these females are, in effect, overly positive in their conscious attitudes toward mathematics relative to their automatic attitudes.  This difference may have negative consequences for these students perseverance in mathematical domains.  This possibility is motivating a more careful investigation of this finding.  ‘Math’ major males showed equivalent positivity toward mathematics at an implicit and explicit level.  

[Slide 15]  In summary, there are three main points to the data I have shown you today.  First, gender differences in attitudes toward mathematics are strong and stable whether you measure implicitly or explicitly and whether you measure 12 year olds or 70 year olds.  Second, balance theories are useful organizational principles to predict and understand the structure of implicit orientations toward mathematics.  Finally, implicit and explicit measures of attitude are related, and each show promise in their predictive power of important behavior and judgments.  The nature of their relationship may have important consequences for perseverance in mathematical domains. 

