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Chapter 6: Indian and American Student Attitudes Towards Mathematics 

Early American theoretical explanations for the scientific gender gap, as noted in Chapter 1, viewed mathematics as the "crucial filter" keeping women out of science and engineering (cf. Sells 1980).  Studies in the United States showed girls enrolled in fewer advanced math courses and under-performed males on national mathematics tests such as the Scholastic Aptitude Test (cf. Fennema 1978).

Controversy centered over whether females were inherently less mathematically capable than males (Fennema 1998).  Brain research was used by some to bolster the biological argument.  Century-old debates about female intellectual capacities and gendered brains were resurrected, albeit with modern, sophisticated permutations
  Brain lateralization theories were particularly popular with the scientific and popular press.  Proponents argued women excelled at "left" brain functions, such as "verbal" facility, but men were superior at right brain functions, like mathematics.  When critics pointed out that left brain "symbolic" functions included abstract mathematics, attention refocused on right brain "spatial tasks", such as "mental rotation", and links to success in geometry and higher math.  Creative, if more veiled, arguments for  "natural" male mathematical "superiority" persist today (cf. Bielinski and Davison 1998, Benbow and Stanley 1980), despite sobering critiques by feminist scientists (cf. Alper 1985; Bleier 1984, 1988; Fausto-Sterling 1992).  Essentialist arguments receive serious and prominent treatment in science journals and leading newspapers (cf. Hedges and Nowell 1995) 
,  profoundly influencing the public at large (Eccles and Jacobs 1986, Begley 2000).
   

Yet most research by feminist psychologists and math-science educators has pursued "environmental" explanations for hypothesized female mathematics barriers (Fennema and Leder 1990, Sowder 1998).  Scholars tend to view the scientific gender gap as the outcome of socialization processes which psychologically condition girls' academic choices, steering them away from mathematically-oriented fields.  Academic decisions are viewed as "individual" decisions, made by individuals (vs. families), guided by individual interests, preferences, abilities, personal characteristics.  While academic "abilities" and "preferences" are presumed to be profoundly influenced by societal level processes (cf. Fennema and Carpenter 1998; Hyde and Jaffee 1998), these are rarely delineated nor investigated using ethnographic or cognitive anthropological methods.
  Most studies embody what Eccles has called a "deficit" approach (1986-7), focusing on barriers to girls math achievement rather than on what might motivate them to choose non-math oriented fields.
  In short, they argue that girls lack "what it takes"  (attitudes, skills, courses) to pursue mathematics and math-oriented subjects, even if their "deficits" are the results of societal processes.

In the late 1970s, psychologists and educational researchers began exploring specific attitudinal affective, and cognitive sources of girls differential achievement and participation in mathematics.  Particular attention was paid to the potential impact of socialization-related psychological attitudes, especially gender identity issues.  The stereotyping of mathematics as a "masculine domain" was thought to psychologically and cognitively inhibit females.  According to Euro-American gender models (see chapter 4), mathematics performance was linked to one's "masculinity" or "femininity" and hence one's internal gender identity,  creating a gender-identity "non-congruence" problem for mathematically-successful girls (Sherman 1982).  Gender inappropriate subjects, such as mathematics for girls, could generate "anxiety" and a "fear of success" in females (cf. Horner 1972), affecting girls' math achievement and the pursuit of mathematics-oriented fields.

Fennema-Sherman Math Attitude Scales

The Fennema-Sherman Math Attitude scales are one of the earliest and most significant systematic attempts to assess these attitudinal factors and their impact on girls mathematics behavior (Fennema-Sherman 1976).  Elizabeth Fennema and Julia Sherman rejected biological explanations for women's lower math performance, showing that girls math achievement equaled boys if one controlled for prior math courses.  They argued that girls' attitudes towards mathematics, especially gender-identity issues, were the primary barriers to their enrolling in higher level mathematics courses.  The two researchers developed nine scales, each an attitudinal component believed to impact mathematics achievement.  Each scale consisted of 12 questionnaire items, six positive and six negative.  Questionnaires containing randomly distributed scale items were constructed and administered to 9th-12th grade students at four suburban, mid-western United States high schools.
  Results showed a positive correlation between favorable attitudes towards math (measured by the scales) and girls enrollment in additional math courses in the 11th grade, controlling for "cognitive" factors (Fennema and Sherman 1977,1978; Sherman 1982, 1983). 

The rationale underlying the Fennema-Sherman math attitudes scales embodies the psychologically-oriented gender-identity, socialization, and internal self-selection approach to the scientific gender gap previously noted.  The scales also reflect a "cultural logic" derived from American cultural models of gender, personhood, school-going and activity choices.  This logic is stated rather clearly by Fennema.  "Mathematics is perceived to be inappropriate for girls.  It seems logical to believe that when young girls feel mathematics is inappropriate, they will feel anxious about succeeding in it and have more negative attitudes because they must, at least partially, deny their femininity in order to achieve in mathematics." (Fennema 1984:152).  Embedded in this "logic" is a culturally specific concept of "femininity" (and, implicitly, "masculinity") as the expression of a deeply-rooted, fundamental, and "essential" part of one's "core identity" and "personality"; as part of a bipolar, unidimensional, and oppositional notion of gender; and a concept of gender as, among other things, intrinsically linked to abilities and activity competencies and preferences.  Without such assumptions, it would be difficult to understand why competence in a gender atypical activity would require young women to "deny their femininity".
 

Subsequent interviews with senior girls by Sherman (1982, 1983) 
 explored gender conflict identity issues, especially the "fear of success".  Sherman found that girls who had taken a fourth year of math had greater psychological ambivalence and anxiety about "being smart" than did other female seniors.  This phenomenon extended beyond mathematics to all "...intellectual areas regarded as male domains"(1982:441).  Sherman described both external and internal pressures for high achieving girls to "play dumb" around male peers(1982:440).
 

Sherman also explored the notion of "agency", whether the girl saw herself "...as an active agent in shaping her future life as opposed to one who is a passive recipient of influences." (1982:434).  Once again, she did not find girls continuing in math to be any more independent than their female peers nor had they more fully resolved "...conflicts between sex-role and achievement" (1982:439).  She concluded:  "These data confirmed the presence of sex-role conflict and math avoidance as factors in girls' educational and career development.  If women are to move into higher-paying occupations involving mathematics, continued attention will need to be directed toward ways of reducing conflict between perceived female role requirements and achievement in traditionally male areas." (1982:443). 

Table 6.1 describes the Fennema-Sherman math attitude scales and the items (positive and negative) included in each scale.  Nine attitudinal dimensions are measured, including parents and teachers attitudes towards math, and student perceptions of the usefulness of math.  The theoretically most significant scales, most discussed in published works, are the three which assess the "role incongruence" and "gender identity" issues.  

The first scale, "Anxiety", measures "anxiety" about mathematics ("...feelings of anxiety, dread, nervousness and associated bodily symptoms related to doing mathematics...The scale is not intended to measure confidence in or enjoyment of mathematics." (1976:4).  

The second scale, "attitudes towards success" (AS), in the words of the authors, was "developed to assess the motive to avoid success in mathematics" (1976:2).
  It is defined as "...the degree to which students anticipate positive or negative consequences as a result of success in mathematics." (1976:2).  The authors include attributions of success to "luck", as in "it was just luck", as evidence of "...lack of acceptance or responsibility for the success" (ibid).

The third scale measures "mathematics as a male domain".  Citing American evidence that each sex is likely to perform better on intellectual tasks perceived as appropriate to their sex, the authors note this scale is designed "...to measure the degree to which students see mathematics as a male, neutral, or female domain in the following ways: a) the relative ability of the sexes to perform in mathematics; b) the masculinity/femininity of those who achieve well in mathematics; and c) the appropriateness of this line of study for the two sexes." (1976:3)

Two scales measure other psychological dimensions thought to affect mathematics achievement.  One, "confidence in one's ability to learn and perform well on mathematical tasks" is considered conceptually distinct from measures of anxiety or enjoyment of math.  Finally, an "effectance motivation" scale measures the intrinsic satisfaction derived from problem-solving.

Three additional scales ask students to assess father, mother, and teacher's attitudes towards mathematics, generally, and as it relates to the student.  A final scale measures student attitudes about the "usefulness" of mathematics.  These four scales receive little attention in Fennema and Sherman's writings, presumably due to their theoretical insignificance in understanding gendered mathematics.

Cross-cultural Applicability of Scales and Scale Assumptions

Although the Fennema-Sherman Math Attitudes scales have been used by other American investigators, and with college students (cf. Elmore and Vasu 1986), to my knowledge they have not been tested abroad, particularly in non-European countries, or, even, with significant numbers of non-Euro-Americans.  One goal of my research has been to assess the applicability of the attitudinal scales, and the basic theoretical paradigm they reflect, to other cultural contexts, particularly non-Western, non-Judeo-Christian settings
.

The ethnographically derived theory I have put forth for the science gender gap in India differs significantly from conventional American "math deficit" theories, even those like Fennema-Sherman's, which locate psychological and attitudinal barriers in socialization practices rather than "nature".  In contrast, I argue that the significant immediate barriers are external and social contextual rather than deeply rooted gender identity conflicts or other internal identity-related states
.  In India, girls academic choices are constrained by cultural and patrifocal family notions of what is "socially appropriate" for each gender, rather than ideas about what is "psychologically" or "cognitively" gender-appropriate.  Although Indian cultural models can powerfully influence Indian students motivations and interests, my theory suggests that girls will not "fear" success in mathematics nor have gender identity related anxiety about doing well in mathematics— there is no culturally logical basis for such emotions.  Hence, culturally-specific psychological states and attitudinal barriers tapped by the Fennema-Sherman math scales should have little meaning in the Indian context.  For these reasons, I expected Indian students responses on the Fennema-Sherman math attitude scales to differ from the American data in systematically and theoretically consistent ways.  The remainder of this chapter describes my findings. 

The Indian Data.

A slightly modified version of the original Fennema-Sherman Math Attitude questionnaire was administered to a sub-set of the Indian pre-college database described in Chapter 1.  Table 6.2 summarizes the number of students, by gender and grade level, who completed these questionnaires.  Table 1.1 in Chapter 1 provides more details on specific schools and sections within those schools.

Only 11th and 9th grade Indian students received questionnaires since the original 1976 American sample consisted of 9th to 12th graders.
  Completed questionnaires totaled 1091 with 97 lacking information on student gender.  These cases were excluded from the gender comparisons.  Eleven of the original 12 schools in the total Indian data base are represented and 33 of the 38 9th and 11th grade sections.  Nine sections received Hindi versions of the questionnaire (6 11th grade; 3 9th grade) and three sections (2 11th, 1 9th) received Kannada versions.  Other questionnaires were in English.  Hindi and Kannada versions were translated from English by Indian research assistants and expert consultants in Delhi and Bangalore. 

The 11th grade India sample contains 49.2% science stream , 27.7% commerce stream , and 23.1% arts stream students.  Science and commerce streams are slightly higher proportions than in the original data base because three 11th arts sections did not complete math attitudes questionnaires.  All students are in the academic (pre-college) rather than vocational track, comparable to the Fennema-Sherman data, which only sampled students in college preparatory math classes.

I modified slightly the original Fennema-Sherman questionnaire after discussion with Indian consultants and pre-testing on a sample of Indian 11th grade students.
  Instead of using machine-readable answer sheets, students responded (with a "tick mark") on the form itself.
  A note was added: "If your father or mother is not alive or no longer part of your family, but there is someone else who acts like a father or mother to you then answer these questions as though this person was your father or mother.  If there is no father or mother substitute, then put 'NA' by each relevant statement".  Clarifying comments were added to three questionnaire items.  These are shown in Table 6.1.
All nine scales were included in the Indian version of the questionnaire.  Following Fennema-Sherman's instructions (1976:7), a table of random numbers was used to determine the order in which the 108 questions would appear on the final questionnaire.  Appendix 1A contains the final questionnaire.

Scale Construction and Constituent Items.  Data analysis and creation of scales and student scale values followed the basic procedures outlined by Fennema and Sherman in their original 1976 publication.  Each scale consists of 12 items or questions, six positively and six negatively stated.  Respondents indicate their degree of agreement with the statement by checking one of five responses: strongly agree, agree, undecided, disagree, or strongly agree.  Responses are coded 1 through 5 depending on their hypothesized positive impact on mathematics achievement.  Thus, responses on negative questions are reverse coded.  Student scale scores were created by re-coding each set of 12 question items to reflect their negative or positive relationship to the particular conceptual scale, and then adding the scores of the 12 items to create a total score for each student on each scale.  Missing values were handled by substituting the mean sample value, after examining the overall pattern of missing values.

For most scales, a higher score indicates greater agreement with the scale concept (e.g. confidence in mathematics) and a more positive attitude about mathematics.  The exception is the "Math as a Male Domain" scale where lower agreement with the scale concept (math as "masculine") produces a higher score – i.e. again representing more positive attitudes about mathematics (at least for girls).

Findings and Comparisons with U.S. Data

Indian Scale Means Patterns.  Tables 6.3 and Tables 6.4 summarize Indian and American 9th and 11th grade data for each attitudinal scale.  Table 6.3 provides scale means (and standard deviations) by gender and grade.  Table 6.4 compares results from the 2 way analysis of variance I ran on the Indian data with similar data on the Fennema-Sherman American sample.
  

Indian patterns accord with theoretical expectations and reflect Indian cultural models of family and academic decision-making.  For both genders, in 9th and 11th grades,  the highest scale means are on parental attitudes towards math: Father, then Mother.  Usefulness and Attitudes towards Success also have high means, more so for boys.  Scales with the lowest means are similar for both genders:  teacher attitudes, anxiety, and effectance motivation.
 

Indian Gender Differences.  Gender differences are wide-spread but theoretically consistent with patrifocal family ideology.  Table 6.4, the Anova summary for 9th and 11th graders,  shows statistically significant gender differences on seven of nine scales, with an eighth scale, masculine domain, nearly significant.  But the largest and most dramatic differences, as seen in F values, are on scales which reflect different family expectations for sons vs. daughters.  These are father's attitude, mother's attitude, and attitudes about the usefulness of math.  Boys means are uniformly higher than are girls, among both 9th and 11th graders.  

Smaller but statistically significant gender differences occur on confidence and anxiety scales and, to a lesser extent, on attitudes towards success and effectance motivation. Girls lower means do not seem to reflect gender-role identify related "fear of success" or "anxiety".  Rather, they are consistent with patrifocal family attitudes towards girls education, especially in mathematics, and less family assistance/pressures for girls to study.  This likely impacts individual motivations, study habits, and "psychological" attitudes such as confidence, anxiety, and effectance motivation.
 

Significant gender differences are lacking on teacher attitudes and "math as a male domain", although there are gender-grade interactions on the teacher scale.
  The male domain scale is also the only scale where girls means are slightly higher than boys, though only marginally (p.=.099).  This is explicable if, as we shall see shortly, students are interpreting scale items through shared Indian cultural models of gender and school-going. 
Academic Stream.  Fennema-Sherman examined the relationship between math attitudes and math achievement (cf. Fennema and Sherman 1977).  In India, 11th grade "stream" or academic subject concentrations are hierarchically ranked and linked to academic achievement, reflecting competition for more preferred fields of study.
  Chapters 2 and 3 document a positive correlation, stronger for boys than girls, between student overall examination "marks" and choice of science (and math-oriented) streams.  On ethnographic and theoretical grounds, I would argue that student math attitudes are profoundly influenced by the significance of mathematics for their future academic and occupational goals, by expectations of family members, and by prior success.  Math attitudes should then be related to a student's academic stream.

Tables 6.5 and 6.6 analyze scale data for Indian 11th grade students, by stream and gender.  There are statistically significant stream differences on every scale.  Stream-scale means in Table 6.6 parallel the hierarchy of streams, with science and commerce stream students more math positive on all 9 scales than arts students.  Science students scale means are generally higher than commerce students although only slightly on Mother, Father, Success and the Usefulness of Math.  As noted elsewhere, math is also important for commerce degrees, which includes accountancy, an increasingly attractive career choice.

The largest contrasts between arts and science students are on the more socially-significant attitudinal measures:  parental attitudes, usefulness of math, and attitudes towards success.  The gap is smaller on more psychological scales, such as confidence, anxiety, or effectance motivation.  

Strong associations between academic stream and math attitudes exist for both genders, but the patterns differ in theoretically consistent ways.  Table 6.5 shows statistically significant stream-gender interaction effects for every scale except math as a male domain.  Underlying data (see Table 6.6) reflect gender differences in male and female academic choice processes reported earlier.  Male attitudinal scales (except masculine domain) more closely parallel the Indian hierarchy of stream (and college degree and occupational) preferences than do female scales.  

Chart 6.1 depicts these gender-stream-scale interactions graphically.  In contrast to males, female commerce students have higher scale means than female science students on six of nine attitudinal scales: usefulness, success, parental attitudes, confidence and anxiety.  Comparing males and females in the same stream, female arts students have higher scale means than males on seven of nine scales:  parents, teacher, success, usefulness, masculine domain and, very slightly, confidence.  A similar pattern occurs for commerce students, especially on teacher attitudes. 
  These data reinforce other evidence that girls, with equally math-positive attitudes and achievements, are more likely than boys to be steered towards lower-ranked streams and fields. 

Among science students, males have higher math attitude scale means than females.  Again, as seen in chapters 2 and 3, this is consistent with patrifocality (rather than math anxiety) steering science stream girls away from engineering and towards medicine.  And, gender gaps are greatest where we would expect them:  on attitudes of father, mother, and the "usefulness" of math.

India-United States comparison of scale means.  As anticipated Indian students generally have higher scale means on parental attitudes than their American counterparts.
The most striking contrasts are on the "math as male domain" scale.  Among American students, this scale shows the greatest gender gap, with girls having significantly higher scores than boys.  Moreover, girls respond most positively (highest mean) on this scale, among all 9 scales. 

Among Indians, "male domain" is one of only two scales without statistically significant gender differences or grade differences.  And Indians, regardless of gender, have lower scale scores than Americans.  This is surprising, given hypothesized differences between Indian and American cultural models of gender, especially the inapplicability of the gender incongruity theory in the Indian context.  Ironically, it is American girls (and then boys) who appear to most fully reject the idea that mathematics is a "masculine domain", at least judging by scale means.  Indian students, however, may be interpreting the "male domain" scale items through an Indian lens.

There are other unanticipated differences between American and Indian data.  I expected Indian students (particularly males) to have more positive attitudes about math than American students, especially on parental attitudes, usefulness and attitudes towards success. 
  The Fennema-Sherman data, however, reveal that  American students, girls as well as boys, hold equally or more positive attitudes towards math, judging by scale means.  And American girls do not display greater "anxiety" or "fear of success" than American boys.  There are no statistically significant American gender differences on anxiety!  And American girls attitudes towards success (at every grade level) are slightly more positive than American boys, although means are not statistically significant.  Girls, as noted above, also reject the notion that mathematics is a "male domain".  If the success, anxiety, and masculinity scales are indeed measuring gender role incongruity, American females do not seem to be experiencing that problem in the domain of mathematics.

Finally, there are unexpected similarities between the Indian and American data.  Like Indian students, American students, females as well as males, seem influenced by family attitudes and pragmatic considerations.  American scale means are highest on success, usefulness, father, and mother scales (apart from "male domain" for females).  Scale means are lowest on more "psychological" dimensions.  The least positive scale responses are on "confidence", "teacher", and, at the bottom, Effectance Motivation. 

Correlations Between Math Attitude Scales.  Fennema-Sherman initially created nine scales.  In trial samples, seven had low enough inter-scale correlations to be characterized as measuring separate constructs.  The two remaining scales, Anxiety and Confidence, were so highly correlated (.89), that Anxiety was eliminated in subsequent research (1976:8). 

The Indian version of the math attitudes questionnaire included questions on all nine scales.  I could not assume inter-scale patterns in the Indian cultural context would parallel the U.S. data.  Correlations between all nine scales are analyzed here, for the sample as a whole, and for males and female separately.

Table 6.7 shows the matrix of scale correlations for the Indian and American data, by gender.  In the Indian data, unlike in the U.S. data, virtually all scales are highly correlated, at .0000 levels of statistical significance, and for both males and females. 
  There are essentially no "independent" dimensions.  

For Indian girls, there are eight inter-scale correlations with coefficients at or above .70.  Father-mother and success-male domain scales are both close to .80.  And Father-MD, F-Success, Useful-Mother have even higher correlations than confidence-anxiety.  Virtually all inter-scale correlations are above .50, none are under .40, all have probabilities less than .0000. 

Indian males show similar patterns.  Anxiety-Confidence (.76) is only one of several high scale correlations (e.g. Father-Mother, Father-Useful, Confidence-Useful).  Ten scale correlation coefficients exceed .60.  Correlations fall below .50 on only one scale, math as a male domain.  And all scale correlations are statistically significant (p <.004). 

Indian patterns are consistent with hypothesized Indian academic choice processes and cultural models of school-going.  If Indian academic decisions are family decisions, guided by family goals, we would expect these strong correlations between family (mother, father) and student attitudes about mathematics, especially towards success and usefulness.
  And these relationships are much stronger than in the American data.  For example, the Father-Success attitudes scale correlation for Indian girls is .75; for American girls, .33.  The figures are virtually the same for Mother-Success. 

Indian data also show strong links between scales that tap social consequences (parents, teachers, success) and those that measure individual, "internal", "psychological" states (confidence, anxiety, Effectance motivation).  Correlations between Confidence, Anxiety, and Effectance Motivation and Mother-Father-Teacher scales are all highly statistically significant, with most correlation coefficients well over .50.  Similarly, Indian student attitudes towards "success in mathematics" are highly correlated with all other scales: mother, father, usefulness of mathematics, teacher, confidence in mathematics.  

The American data is quite different.  Most male and female inter-scale correlations are quite low, and not statistically significant.  None of 28 American female inter-scale correlations surpass.70.  Only three are above .60.  Many are under .35, six under .25 .
  For American males, no correlation coefficients exceed .70, only two are greater than .60, and many are less than .35.  

Fennema and Sherman report no significant gender differences in scale correlations.  Only one of 28 American inter-scale correlations (confidence-success) differs between males and females by more than .10.  Yet given their gender role incongruity theory, one would expect, for females only, strong inter-scale correlations between at least three scales:  math as a male domain, attitudes towards success, and confidence.
  And gender differences in the male domain inter-scale correlations.  Yet male and female patterns are almost identical.

For the Indian data, the most striking gender differences are on the Male Domain inter-scale correlations.  For girls, this scale is highly correlated with every other scale.  Ironically, the lowest correlation is with anxiety (.45); all other correlations are greater than .50.  The highest correlations are with parental attitudes (both at least .70) and attitudes towards success (.78).  These are two to four times higher than for Indian males.  These results again suggest Indian students are using Indian cultural models to interpret the Male Domain scale items.

Factor Analysis Results.  To further explore scale relationships, Fennema-Sherman performed a Principal Components factor analysis on their combined 9th-12th grade data.  Table 6.8 shows the results for each gender separately, using the authors presentation format (Fennema and Sherman 1976:9, 19).
  Four factors emerged for both American males and females.  Factor loadings greater than .50 were considered an "important"  part of a factor- these are underlined in Table 6.8.  

Fennema-Sherman do not conceptually define the first two factors.  Factor one includes confidence, teacher, and effectance motivation.
  The second factor, mother/father/usefulness, is described as linked by the notion of "usefulness".  The remaining two factors each consist of only one scale with a high factor loading (Male Domain, Attitudes towards Success). 
  The authors characterize these as "sex role factors", implying conceptual unity, even though they are not highly correlated.

To duplicate the Fennema-Sherman analysis, I ran a factor analysis on the India data even though the correlational analysis showed the scales to be highly interrelated.  I did not initially specify a four factor solution because I wanted to see the underlying structure of the Indian data.
  I ran the analysis with both eight and nine scales.  Results were very similar.

Table 6.9 displays output from the eight scale factor analysis.  For the Indian data, a "one-factor" solution is the most appropriate ("parsimonious"), even more strongly for girls than boys.  Chart 6.2, the factor scree plots, graphically depicts how little variance is explained by adding more factors to the solution.  Table 6.9 provides eigenvalues and percent of variance explained by each factor.
  

For girls, one factor accounts for nearly 70% of the variance; all scales have factor loadings over .70; 5 have factor loadings over .84.  Parental attitudes, male domain, success, and useful are the most highly interrelated, more evidence of linkages between family and student attitudes, expectations, and goals.  But psychological "internal states", like confidence, also have high factor loadings.  Conceptually, this factor seems to represent overall family emphasis on mathematics, in the context of future student academic, occupational, and family goals and responsibilities.  

Among boys, a similar, single, powerful factor also emerges, with high loadings (well over .70) on all scales except masculine domain.   A second, weaker factor, accounts for barely 12 percent of the variance, with loadings over .50 on all scales, and is correlated with the first factor. 
  It may primarily represent the masculine domain scale.  As with girls, it is difficult to disentangle parental attitudes, pragmatic considerations, and psychological states.  The exception is the "male domain" scale.

Clearly, the Indian data do not have the same underlying structure as the American data, nor are Fennema-Sherman's distinct "sex role" factors identifiable, except, perhaps, the "male domain" scale among boys  Nevertheless, as a final comparison, I ran the Indian data specifying a four factor solution, using varimax rotation and eight scales.  Table 6.10 summarizes the results.  The inappropriateness of this solution for both genders is evidenced in the high loadings individual scales have across factors.  

For girls, factor scale clusters bear little resemblance to the American data.  Factor 1 in the Indian data accounts for nearly 70% of the variance and includes the 4 highest loading scales on the single powerful factor identified earlier.  But these four scales (parental attitudes, success, male domain) cross-cut three of the four American factors, linking family, psychological and "sex role" dimensions.  Factor 2 clusters useful and confidence, but mother and father have high loadings on this factor.  Factors 3 & 4 have only a single high loading scale, "effectance motivation", and "teacher", hardly the "sex role" factors in the American data.

For Indian males, Factor 1 contains the same scales as Factor 2 in the American data: father, mother, usefulness.  But in the Indian data, success also loads high on Factor 1.  Factor 2 in the Indian data contains two of the three scales in Factor 1 in the American data—confidence/effectance motivation—but it is a minor factor in the Indian data.  For both Indian and American males, math as a "male domain" is a distinct factor.  For Indian males, however, the other "sex role" factor ("success") is linked to teacher attitudes.

Scale Coherence and Split-Level Reliabilities.  Fennema-Sherman established the internal coherence of each scale by calculating split half reliabilities (Fennema Sherman 1976:7).  I was interested in whether these scales would, in the Indian cultural context, exhibit internal consistency.  

In the split-half reliability method, each scale is analyzed separately.  The scale is split in half (ideally, in some random way) and then the correlation between halves calculated.
  To avoid biases from the order of items on the questionnaire, I randomized the scale items by first arranging each set of scale items by their order on the questionnaire.  I then selected every other item for the first scale half (1,3,5,7,9,11); the remainder constituted the second half.  The twelve items were entered into the SPSS scale reliability program in this order.

Table 6.11 compares the split-half reliabilities for the U.S. and Indian sample.  All U.S. reliabilities range from .87 to .93.  The Indian split-half reliabilities are substantially lower, as predicted, given many of the culture-bound assumptions embedded in these scales.  None are above .69.  The success scale is by far the least internally consistent scale, with a split-half reliability of only .41. 
Table 6.11 describes results from additional reliability analyses of the Indian data.  Inter-item correlations were calculated for each scale along with the mean, minimum, maximum, and range of these inter-item correlations.  Results show mean correlations are uniformly low and ranges rather wide.  As expected, the Attitudes towards Success and Math as a Male Domain scales have particularly low means and wide ranges.  And each scale contains some items with negative correlations.
  These two scales, more than others, are infused with American cultural models of gender, particularly notions of gender identity incongruity and gender-specific intellectual capacities. 

Summary and Discussion

Administering the Fennema-Sherman math attitude scales in the Indian context has generated interesting, meaningful, and reasonably coherent results, especially if culturally-sensitive interpretations are applied to the Indian data.  Comparisons with the American data are both possible and provocative. 

Results reflect Indian cultural models. 

Differences between the Indian and American data reflect contrasts between Indian and American cultural models of gender, family, school-going, academic success, personhood, and science described in earlier chapters.  Indian scale means again document the importance of family influences, family obligations, and long-term occupational goals on student attitudes and academic choices.  The highest scale means are on parental attitudes, usefulness, and success.  Scales which measure students internal psychological states, such as confidence, anxiety, effectance motivation, are highly correlated with but relatively subordinate to scales that tap "social" dimensions – the attitudes of significant others and social impacts (mother, father, teacher, success, usefulness).  Rather than eight independent dimensions, as in the American data, the Indian scales are highly inter-correlated.  
Indian results also provide additional support for the ethnographically derived theory of Indian academic choices.   There are significant relationships between math attitudes and student high school stream, on virtually every scale, with arts students having significantly lower means than science or commerce students.  Math attitudes parallel the hierarchy of streams, reflecting an educational and occupational context in which mathematics is a "crucial filter" for academic success, as well as entry into prestigious and occupationally lucrative fields—even if little mathematics is required, as in medicine.  The biggest attitudinal gaps between science and arts students are on scales which measure the social significance of mathematics (e.g. usefulness) rather than internal psychological states (e.g. confidence, anxiety).  

Gender differences in the Indian data are consistent with the ethnographically derived, social context theory of the Indian scientific gender gap.  Gender gaps are greatest on scales which tap dimensions of patrifocality and reflect different family educational and marriage goals and expectations for sons vs. daughters.  Parental math attitudes of boys are significantly more positive than those of girls;  scale means on usefulness and attitudes towards success are also significantly higher for boys.  Gender differences are much weaker on psychological scales, such as anxiety or effectance motivation, and absent on the "male domain" scale.

Inter-correlations among scales are stronger for girls than for boys.  Factor analysis of the girls' data yields only one prominent underlying factor, and factor loadings are highest on parental attitudes, usefulness, success, and "male domain" scale.  Math attitude scales, analyzed by stream and gender, exhibit statistically significant gender interaction effects on virtually every scale.  These data reinforce other evidence  that patrifocality constrains girls entry into math-oriented fields.  In this case, we see that girls with equally math positive attitudes are more likely than males to be in lower ranked non-science, academic streams.  

Lack of Support for Fennema-Sherman Theory and Western Cultural Models.

Indian math attitudes, when interpreted in light of ethnographic and expert consultant data,  provide little support for the theoretical assumptions and Western cultural models embedded in the Fennema-Sherman math attitude scales.  As noted at the beginning of this chapter, the Fennema-Sherman's scales, especially the "masculine domain", "attitudes towards success," and "anxiety" scales, are derived from Western gender role identity theory, in which masculinity is a developmentally-rooted (if not necessarily genetically-based),  permanent psychological identity.  According to this cultural logic, the American association of mathematics with males, and hence masculinity, can produce anxiety, gender identity conflicts, and a fear of success in mathematically competent females.

But data in Chapter 4 and elsewhere indicate that Indian conceptions of gender and personhood reference the "social self" more than the individual "psyche" and that concepts of masculinity and femininity are socially-rooted, referencing gendered social identities, attributions, and obligations.  From this perspective, the predominance of males in a particular field reflects social circumstances and social obligations rather than inherent and immutable bio-psychological gender differences.  And it is the social context of doing mathematics, the social attributes of activities requiring mathematics (e.g. all-male engineering settings), the social goals for which one does mathematics, rather than the intrinsic nature of mathematics, that limit female participation and achievement in mathematics-oriented academic fields and careers.

It is not surprising, then, that Indian expert consultants and key informants find the Fennema-Sherman gender-role incongruity theory (and key scales and scale items) puzzling.  They could not understand, for example, the concept underlying the "attitudes towards success" scale.  The notion that girls (or anyone else) would "fear" success in mathematics, of all subjects, was incomprehensible.  Why would anyone, male or female, be anxious about or fear doing well in such an important and prestigious subject, they asked.  Success in mathematics would certainly bring honor to a girl and her family equally as to a boy, from peers as well as the broader community, something students clearly understood.  

Expert consultants, commenting on the "success" scale items, mentioned overt "bragging" about one's grades (or other accomplishments) might be inappropriate, especially since there are many public markers of student success or failure, such as newspaper publication of exam scores and class standings.  Also girls, given patrifocal gender ideology, may be more reluctant than boys to call attention to themselves, to "stick out" in a crowd.  This was a concern of some female IIT and CUSAT engineering students, especially in predominately male settings.  Girls expressed discomfort at "arguing aggressively" for their ideas in co-educational classes, experienced embarrassment at donning overalls for the "smithy" and other hands-on engineering workshops, and were reluctant to go alone to all-male campus settings, such as the canteen or, even worse, the IIT swimming pool.

Nevertheless, the phenomenon of girls "playing dumb", apparently common among American girls, was unfathomable to expert consultants.  Nor did this arise in student interviews or group discussions.  Of course this is not an issue in all girls schools.  In coeducational schools, boys sometimes tease girls and a "brainy" girl might be called a "mugpot" (someone who studied all the time, especially "mugging"—i.e. memorizing).  Indeed, college engineering students often characterized medicine (vs. engineering) as simply requiring a lot of "mugging".  But such reports reflect the competitive nature of Indian academics, and, increasingly, girls as competition.  I came across no evidence that Indian girls experienced nor succumbed to pressure to "play dumb", nor that being mathematically smart threatened one's gender identity.  

Predictably, then, Indian split-half reliabilities on the "success" dimension are fairly low,  the lowest of any of the scales, only .41 (vs. .87 in the U.S. data).  Students probably were confused by items like "I don't like people to think I'm smart in math" or "if I got the highest grade in math I'd prefer no one knew" and responded inconsistently or simply marked "undecided".  On the other hand, most scale items are interpretable within an Indian social framework.  Rather than tapping gender identity conflicts among Indian females,  the scale measures, in a relatively straightforward sway, student and parental perceptions of the social significance of mathematics, given academic pursuits and longer-term career expectations.  Thus the "success" scale is highly correlated with all other scales, but most strongly with parental attitudes, and usefulness scales.  Attitudes towards success are more positive among science than arts students, and lower among girls than boys, if one ignores stream.  Gender differences disappear among arts or commerce streams students. 
Also confusing in the Indian context is the mathematics as a "male" or "masculine" domain scale, at least as conceptualized in the Fennema-Sherman theoretical paradigm.  Indian expert consultants, key informants, and ordinary persons I encountered seemed astonished that anyone would think girls were inherently less capable of mathematics than boys.  Indeed, I was told, it was common for girls to be the "high scorers" in mathematics, just look at the newspapers!.  And, hadn't I heard about the brilliant women scholars who lived many centuries ago!
  Indeed, the only individual who mentioned that girls might be less mathematically capable was a young male IIT student who cited a recently published article in the American journal, Science!  

Western psychological models of gender, as noted earlier, view masculinity as a developmentally-rooted identity rather than a socially acquired set of attributes and social obligations, as in the Indian model.  Given these different cultural models, I expected Indian students to have difficulty with questions on this scale.  Yet Indian split-half reliabilities are surprisingly high, as are mean scale scores for both genders.  And the "male domain" scale is highly correlated with other scales, especially with parental attitudes, success and usefulness, most striking among Indian girls.  

Closer examination of Fennema-Shermena's original scale definitions, scale items, and the pattern of Indian responses on specific questions, suggest that Indian students are able to apply Indian cultural models of gender and school-going to most "male domain" scale items.  Fennema-Sherman describe this scale as measuring "three" dimensions.  The first is "the relative ability of the sexes to perform in mathematics (1976:3).  Indian students, regardless of gender,  overwhelmingly reject statements asserting mathematics is an intrinsically male domain, that females are less mathematically capable or trustworthy than men or that "mathematics is for men; arithmetic for women".  The modal (or recoded) value on such items is uniformly "5", the most female-math-positive score.  

Other questions address a second dimension, "the appropriateness of this line of study for the two sexes", and can easily be interpreted through the Indian "socially appropriate" framework, in this case the perceived importance and social appropriateness of mathematics for girls.  Variations in student responses likely reflect varying attitudes about and commitments to patrifocal family ideology, as it relates to girls education and future employment, 

Scale reliabilities, on the other hand, are depressed by items relating to the third dimension, "the masculinity/femininity of those who achieve well in mathematics" (1976:3).  Students appear confused by questions which employed American gender identity related terminology.  Items like 'it is feminine to ask a man for help", " and "I would expect a woman mathematician to be a rather masculine kind of person",  exhibited diverse and chaotic student response patterns.  It was not uncommon for one-fifth of the students to select "undecided" on such questions.  Yet Fennema-Sherman code "undecided" as "3" on a 1-5 point scale.  

Since two of the three dimensions, and most question items, are interpretable through an Indian cultural lens, Indian results on this scale emerge as relatively reliable, relatively high, and exhibit inter-scale correlations consistent with Indian cultural models.  The "math as a male domain" scale, in the Indian context, is not really assessing attitudes about psychological identity.  Rather, it seems to tap patrifocal cultural models about the social appropriateness of mathematics study for girls.  The high correlations, for girls especially,  between Male Domain  and parental attitude, useful, and success scales, are consistent with this interpretation.  

Finally, Indian "anxiety scale" responses do not indicate math anxiety, for girls, arises out of gender identity conflicts, depressing math achievement.  First, scale items do not really measure this theory.  Instead, they are fairly straightforward measures of "anxiety", whether students experience nervousness or ease about math courses and tests.  Like virtually all scales in the Indian data, anxiety is correlated with other scales that measure the social significance of mathematics, such as parental attitudes and usefulness, which also exhibit gender differences.  And scale correlations patterns are virtually identical for girls and boys.  Anxiety,  like other scales, is highly correlated with student "stream" (arts, commerce, science).  Given that streams reflect academic achievement (including in math), it is not surprising that art students are more anxious than commerce or science students, regardless of gender.  Anxiety seems to reflect math achievement, not just for girls but boys as well.  But achievement, as indicated by streams, is even more highly correlated with other scales:  parental math attitudes, success, usefulness and male domain scales, followed by effectance motivation, confidence, and teacher attitudes.  Anxiety is the scale most weakly correlated with achievement.  

Applicability of Western Models to the American Data.

The inapplicability of the Fennema-Sherman model to the Indian data does not necessarily render it inappropriate for the American data.  Indeed, Fennema and Sherman have an extensive body of data supporting for some aspects of their model, especially the attitude-achievement relationship.  Yet in their own studies, differential course-taking, rather then attitudes measured by their scales, may have the most significant impact on mathematics achievement and participation.  And the American math attitudes scale data, examined alone and in comparison with the Indian data, exhibit patterns that seem inconsistent with crucial aspects of their theory. 

First, significant gender differences appear primarily on the most socially-oriented scales: parental attitudes and usefulness of mathematics.  Gender differences are lacking in theoretically crucial areas, on effectance motivation, and on two scales which measure gender role incongruency: anxiety and attitudes towards success.  Numerically, girls even have slightly more positive attitudes towards success than boys – although both are very positive.  Gender differences on the "confidence" scale, while significant, are hardly surprising given 50+ years of American essentialist theories of gendered brains.  The most striking gender differences are on the male domain scale.  But most girls overwhelmingly reject the idea that mathematics is a "masculine" domain.  It is boys who seem to have internalized these ideas.

Correlation patterns are also inconsistent with the gender incongruence theory.  If the masculinity of an activity inhibits girls participation and competence in that activity, we should expect strong correlations between girls responses on the "male domain" and other scales, especially Confidence, Anxiety, and Attitudes towards Success scales.  We do not find these patterns. 

The entire pattern of inter-scale correlations for girls are nearly identical to their American male counterparts, contrary to theoretically-grounded expectations, and Fennema-Sherman report no significant gender differences in any scale correlations.  Not surprisingly, the factor analysis for males and females produces similar factors, with one factor mother/father/usefulness, somewhat stronger for males than females.  The "male domain" scale essentially ends up as a stand alone and relatively insignificant factor for both genders.

The American data show some intriguing similarities to the Indian data.  Attitudinal dimensions of both genders are surprisingly positive, with some means higher than those in the Indian data.  The highest means, for American students, are on those scales which reflect social influences and social consequences: attitudes of father, mother, usefulness, success.  Although inter-scale correlations are much lower in the American then Indian data, the highest scale correlations, virtually the only ones above .5, are between parental attitudes and the usefulness of math scales.  Perhaps American girls (and boys) math attitudes are, like their Indian counterparts, shaped by social context and less by gender identity considerations than the theoretical literature would lead us to believe. 
Ironically, subsequent papers by Sherman report interview data suggesting American students (girls as well as boys) math choices may be strongly influenced by similar considerations as in India—the usefulness of math, in the context of career pursuits, and parental attitudes.  Here, as in their other studies, Fennema and Sherman downplay evidence that family and future goal-related "pragmatic" considerations affect student math attitudes and motivations, girls as well as boys.  Sherman's interview data also suggests that attitudes of significant others,  male peers and parents, rather than girls own attitudes, are major barriers to mathematics achievement and mathematical pursuits.  Yet these avenues are not pursued in subsequent work by either Sherman or Fennema.  

Fennema's most recent work continues to look at "cognitive" impacts of girls attitudes, focusing on gender differences in "problem solving strategies" and "autonomous learning behavior" (Fennema and Carpenter 1998).  She attributes these to "external/societal influences" and the "social environment", rather than biology, but views the most significant social environment as the classroom (Fennema 1984).
  Fennema and Peterson find that teaching styles and gender differences in learning styles (cooperative vs. competitive, "independent" vs. "dependent" learning styles) affect acquisition of "autonomous learning behaviors".  They gloss the latter as  "autonomy in mathematics", which boys acquire,  and contrast it to "...girls' development of dependence in mathematics" (Fennema and Patterson 1985:14).  They argue that gender differences in these "problem-solving strategies" exist as early as grade three (Fennema and Carpenter 1998). "Girls tended to use concrete solution strategies like modeling and counting, and boys tended to use more abstract solution strategies that reflected conceptual understanding" (1998:4).

I could not help notice the culturally familiar gendered attributes and oppositional paradigms in these descriptions: independent/autonomous-dependent, cooperative-competitive, abstract vs. concrete.  In all cases, the "superior" or at least mathematically more advantageous end of the continuum is associated with males.

More important, here, is the persistent explanatory emphasis upon cognitive factors, on deficits in how girls think, mathematically, even if deficiencies are socially generated.  In short, "gendered" brains, through socialization-influenced classroom experiences, remain the "crucial" filter on girls' mathematics achievement, course-taking, and entry into math-oriented fields like engineering, at least in the American context.

� Fausto-Sterling (1992) provides a detailed, critical review of this research, revealing the historical precursors of modern day arguments, including, besides brain lateralization,  the "corpus callosum" and "X" gene theories.  She also notes, refreshingly, the parallels with Euro-American theories of racial intellectual inferiority. 


�  For a particularly insidious example that was published, unchallenged, in Science magazine, see Hedges and Nowell 1995.  These authors, like others before them are interested in "sex differences in intellectual abilities", but imply mathematics is the ultimate measure of intellect.  Hedges and Nowell also suggest intellect is related to gender differences in income and occupational status, an argument curiously reminiscent of the Bell Curve.


� Begley (2000) reports studies showing how profoundly stereotypes, including gender stereotypes, affect the "target" group's behavior.  Researchers found that references to women's math ability and overall intelligence (e.g. the "bimbo" stereotype)  or even neutral reminders of gender, negatively affected women's math participation and test performance (on so-called "tests of ability"). 


� Educational researchers are moving beyond logical-positivist methods to more detailed descriptions of classroom processes (Fennema and Carpenter 1998).  Yet, exploration of  teacher or student cultural models are rare, except by anthropologists  (cf.  Kim 1993, Holland and Eisenhart 1990, Stone and McKee 2000).  


� Eccles has long advocated a more positive approach which emphasizes the value ("expectancy value) to girls of the fields they do chose.  She, along with others, has challenged psychological theories of motivation which ignored social context.  For an excellent review of recent work on motivation in school contexts see Wigfield, Allan, Eccles and Rodgriguez 1998.


� There is no evidence the scales emerged from ethnographic data or interviews with students.  Perhaps they assumed they had sufficient knowledge of "natives" to construct culturally appropriate preliminary "instruments".  And scales, once developed, were pre-tested on students and internal coherence was assessed.  Samples came from four Madison, Wisconsin high schools in 1975 and included only students enrolled in college preparatory math classes appropriate for their grade (e.g. 9th grade Algebra).  We would expect such students to have more positive math attitudes than non-college prep students.  On the other hand, this makes the American sample comparable to the college-oriented Indian sample. 


� We again see American psychologically-oriented cultural explanatory models which attribute career choices to personal abilities, preferences, one's character (see Chapter 4) 


� Interviewing questionnaire "respondents" to better understand their questionnaire responses is apparently quite unusual among educational psychologists.


� The phenomenon of "playing dumb" was apparently first reported by Komarovsky (1953) according to Sherman.  Her interviews contain fascinating and disturbing accounts of the social pressures on "smart girls", not simply from peers but from parents as well.  She also reports that 86% of girls in the study had observed other girls "playing dumb," although only 17% said they had done it themselves (1982:441).


� Horner (1972) first suggested that intellectually competent women feared success in traditionally male-defined intellectual areas, such as mathematics.


� This reflects the extension of Bandura's work on "attribution theory" in the 1970s to academic and career-choices (Fennema 1984).  Researchers discovered that females, more than males, attributed success, including in math, to factors other than their own ability, citing "external" factors like "luck" (vs. their own hard work, abilities, etc.)  McDade (1988) found similar differences in explanations male and female chemistry majors gave for "attrition" from their majors.  Fennema and Sherman developed a questionnaire to measure attribution.  I considered using it in India but it was too culturally specific to adapt without making substantive changes.


� I add "Judeo-Christian" because religion, especially Christianity, has powerfully influenced non-European as well as European and American cultural models, especially of gender. 


� I have struggled with how to describe these psychological theories, especially the characterization as "internal" theories.  I take seriously the persuasive argument of Strauss and Quinn (1997) that we have created a false dichotomy between culture ("outside the individual") and "psychology" (inside the individual).  Certainly all individual decisions (and conscious human actions) are "psychological" and "internal" and virtually all are to some degree "cultural".   


� Fennema-Sherman did a follow-up study with 6th-8th grade students in the feeder schools for the original high school sample. The same eight attitudinal scales ("affective" variables) were used.  Scale results were similar to those for high school students. See Fennema and Sherman 1978, especially p. 200.


� These were English-speaking students from a high school on the campus of Indian Institute of Technology, Madras, the major site of the ethnographic portion of this study.


� Machine-readable forms would have greatly simplified the data processing/computerization process but Indian students were unfamiliar with such forms.  The Delhi, Hyderabad, and Madras questionnaires were shipped to the United States and students assistants entered the data into computer files using a simple text editor.  Separate files were initially created for each school section with information about the context in which the questionnaires were administered and relevant information, especially from the Indian research assistant, useful for interpreting file output and peculiarities in the data.  For the Bangalore data, student responses were copied onto machine-readable forms by my Bangalore research assistant.  These were mailed to me in the U.S. and scanned into raw data files. All raw data files were subsequently converted into SPSS Windows files and merged into one data file for statistical analysis, after checking for and reconciling errors.  Overall, it was an enormously time-consuming and tedious process.  


� Missing values were generally a small percentage of the total sample (less than 2%).  Few questions had more than 5  missing responses.  The pattern of missing values also seemed random except for a slight rise near the end of the questionnaire.  Fennema-Sherman do not provide information on the size of missing values or how they were handled.


� U.S. data come from Fennema-Sherman 1976, 1986.


� The American 12th grade sample contains only students enrolled in advanced mathematics, such as calculus, and thus is not representative of even college-bound students.  This sample had substantially higher scores on virtually all math attitudes scales.  Readers should remember this in subsequent comparisons.


� These scales are in the bottom 4 for 9th graders, the bottom 3 for 11th graders.


�  In Chapter 3, I suggest gender-differentiated family expectations strongly affect achievement (vs. intrinsic ability).  But confidence may primarily come from achievement, at least in the Indian context.  My ethnographic data suggest Indians may have a different theory of academic success and ability than do Americans.  External accomplishments seem to constitute a primary indicator of "ability", at least for boys (and young girls).  One is a "brilliant" student if one performs "brilliantly", usually on exams.  Test results are perceived as measuring both "achievement" and "ability".  Discussion of a child's "unrealized potential" (e.g. he's brilliant but just hasn't yet realized his potential) do not appear in ethnographic accounts, in contrast to American parent and expert discourse.  In the Indian context, then, confidence should be closely linked to achievement.


�  There are significant grade differences on all scales except math as a male domain.  I was at first surprised that 9th grade scale means are higher than 11th graders.  9th graders have less academic pressure and more math-oriented options available to them than 11th graders.  By the 11th grade, many Indian students have opted out of [or been opted out of] math-oriented academic paths.  Their math attitudes may reflect this.  The Fennema and Sherman data (1976) show more positive attitudes in higher grades, especially 12th graders.  But their 12th graders are all in advanced math classes. 


� Fennema and Sherman administered a battery of tests, including achievement tests, to their sample.  While I was not able to do that, I do have student generated examination results ("marks') for key subjects.  These data have been used in earlier chapters and can potentially be linked, through student identifying information, to responses on the Fennema-Sherman math attitude scales.


�  These are intriguing and worth exploring by school and gender of teacher as well.  The teachers I personally met tended to be female, often with science backgrounds, and supportive of girls education.


� This is particularly true for commerce stream girls from less affluent and educationally elite family backgrounds, who might otherwise go into science (see Chapters 2 and 3).


� In analyzing the preliminary data on the "success" scale, Indian expert consultants suggested scores might be depressed not by a fear of doing well in math but by the inappropriateness of "bragging" about one's accomplishments.


� The same patterns occur for the sample as a whole.  The correlation between Anxiety and Confidence scales, while fairly high (.74), is lower than in the Fennema-Sherman study (.89).  More important, it is only one of several high correlations in the Indian data.  Only one scale correlation is under .3 (Male Domain and Anxiety) & even that is statistically significant. 


� Usefulness-parental attitudes correlations are actually quite high for Americans, virtually the only scale correlations which exceed .5.  This once again suggests that social (including family) considerations have been underestimated in American models.


� Fennema-Sherman do not provide data on statistical significance levels.


� Fennema and Sherman do not discuss the theoretical implications of male attitudes of "math as a male domain" for other attitudes or male math achievement.


�  Eigenvalues are not specified nor any other information on the fit of the data to the factor analysis.  I presume orthogonal rotation was used since the factors are presumed to be independent.


�  To me, the underyling dimensions seems to be the math classroom, the major social context in which math is experienced.


� Factors, to be recognized as such, generally require several items with high loadings.  A one-item "factor" is really not a factor.  


� Eigenvalues were set at 1, the normal procedure.  I used an oblique rotation.


� Using nine scales, for girls, a one factor solution still emerges, with the 9th scale, "anxiety",  having the lowest loading on the factor (but still .70).  For the boys, a second factor is identified, but it's eigenvalue is only 1.15 and it contributes only 12.8% of the variance.  And all scales, except the "male domain" scale have high loadings (over.5) on both factors.  Not surprisingly, the correlation between the two factors (using the oblique rotation) is .44


� No rotation was performed since only one factor was identified.


� The correlation is .44 for the 9 scale solution.  Given the high correlations between scales, an oblique rotation is most appropriate.  I used the "oblimin" oblique rotation option available on SPSS.


� Cronbach's alpha is another common procedure which measures the average correlation or covariance of items within a test, depending on whether items are standardized or not standardized ( Norusis 1994:147). I ran this also and it seems to produce higher reliability figures.  


� Hotelling's T-Square, which tests the hypothesis that all item means are equal,  also produced the highest F values (and associated probabilities) for these two scales, substantially higher than for the other scales.


� An example is the story of Matreyi, one of the wives of the sage, Yaghavalkya, a brilliant scholar who rejects wealth for the pursuit of knowledge (Mukhopadhyay 1982).


� In 1984, she described "autonomous learning behaviors" as the outcome of "internal motivational beliefs", the 9 attitudinal or "affective" dimensions.  These are influenced by "external/societal influences" and "social environment", the most important being the classroom (Fennema 1984).


� The "abstract" vs. "concrete" dichotomy, in particular, resembles long-standing Euro-American characterizations of "Western" "civilized" vs. "primitive" thought, along with the cognitive capacities of  various "races" and, in the 60s, African-American children's verbal styles and "deficiencies"(cf. Mukhopadhyay and Moses 1997)  The "independent" vs. "dependent" gloss is another familiar characterization applied to both genders and "races", whether for personality or conceptual styles, as in the old field-independent and field-dependent studies (cf. Cohen 1976). 





