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This project started in 1988 as a "brief" field trip to India to obtain a "bit of" comparative data on women in science and engineering.  At that time, it was nearly impossible to obtain detailed Indian educational statistics in the United States.  In India, national educational statistics were published but computerized state and local data were unavailable, even at prestigious science and engineering schools.  In 1988, IIT-Joint Entrance Exam results were on computers but detailed data at Indian Institute of Technology, Madras (Chennai) was not.  The deputy registrar kindly supplied me typed, printed enrollment data, by gender, engineering branch, and graduate science degree specialization.  Aggregate student GPAs, however, had to be painstakingly hand-calculated by the registrar's staff.  Pre-college educational statistics, too, were typically laboriously compiled by hand from other hand-written reports.  I recall my quest for data at the central government school office in Madras.  I was shown pile after pile of hand-written records, in offices crammed with paper documents. 

In-depth educational research, especially on the scientific gender gap, was virtually non-existent.  The American educational research community is enormous and relatively well-funded, perhaps because it is closely associated with major, highly-endowed educational institutions, such as Harvard and Stanford.  In contrast, India, though intellectually wealthy, has an extremely limited research budget and government funds have been funneled towards science and technology institutions and development.  National educational research and planning institutions exist [e.g. NCERT, NIEPA], but are modest and primarily oriented towards gathering basic statistics,  a daunting task given India's size, complexity, and predominately rural population.
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Chapter 1: Introduction 

Brief Overview

This study applies an anthropologically grounded, cross-cultural, ethnographic decision-modeling and cultural models approach to a seemingly intractable problem--the continuing under-representation of women in science, particularly the physical sciences and engineering.  Research on this problem has relied mainly on studies in the United States, survey-type research methodologies and Western theoretical models.  This paucity of cross-cultural data, especially from non-Western cultures, impedes understanding of cross-cultural variations in the science gender gap as well as significant cultural variability within our own society. 

The research summarized here draws upon recent approaches and methodologies in educational, psychological, and feminist anthropology to explore how the cultural and social context in which science is learned and practiced contributes to the gendering of science.  Focusing on India, an ethnographically derived theory of the sexual division of scientific labor is proposed in which macrostructural features (educational system, occupational and class structure) intersect with cultural models of family, gender, and science to frame the academic decision making process, producing, ultimately, a predominantly male scientific and engineering community.  This theory challenges the extendibility of prevailing American theories of the scientific gender gap to non-Western cultural settings and suggests new factors that might be significant cross-culturally, as well as in the United States. 

The theory is tested using a multi-method approach and a body of ethnographic and pre-college questionnaire data collected for this purpose.  Supported partially by a grant from the National Science Foundation,
 this evaluation phase has had three primary objectives:  1) to formalize, test and refine the ethnographically derived theory of Indian women's under-representation in science and engineering; 2) to extend the initial theory to cover intra-cultural variation in Indian female academic choices through identifying the conditions which lead some women to enter science; and 3) to evaluate the relative merits of Indian and Western-derived theories through testing a series of hypotheses about contrasts in Indian and Euro-American cultural models of science and mathematics, gender, personhood, and causality.  

The Indian data used to test the theory come primarily from a large data base of questionnaires and narrative vignettes.  An ethnographically-grounded, culturally contextualized, student academic decision process questionnaire ("SAQ") was constructed and administered to linguistically, regionally, and socio-economically diverse male and female pre-college students in four Indian cities.  Four additional "survey" type Western-based math and science attitudes questionnaires, suitable for cross-cultural comparison, were adapted to the Indian scene and administered to portions of the pre-college sample. 

From a theoretical perspective, the study contributes to a cross-cultural data base on women and science,  identifies new processes underlying the scientific gender gap, and enhances our overall understanding of the cultural context and meaning of science.  More broadly, it extends current anthropological and feminist critiques of Eurocentric models, exploring "public"/"private", work-family intersections and the cultural construction of  the sex/gender division of labor in diverse sociocultural and activity contexts.  It extends cultural models approaches in educational success theory to gender-ethnicity-science intersections and to non-western cultural settings.   And it reintroduces "family and kinship" into gender-schooling and "educational success" debates.  Finally, it advances our understanding of the interrelationship between individual choice behavior, cultural models, and micro and macrostructural institutional processes.  

Methodologically, the study extends recent anthropological attempts to combine intensive, small sample, qualitative research with the more formal, systematic, and extensive data collection and statistical analysis required to validate and refine preliminary theories.  It employs methods for handling intra-cultural variation in complex, large-scale societies, increasingly the site of anthropological inquiry. 

This research also has potential applied significance.  Identifying the processes underlying the gender gap in science in different cultural settings can improve the design of international and American programs for increasing women's scientific representation. 

The Problem: The Gender Gap in Science and Engineering 

Gender, science and technology has emerged in recent decades as a focus of inquiry for a wide-variety of scholars.  The voluminous literature ranges from new forms of gender hierarchy resulting from technologies introduced by multinational corporations in Third World nations (cf. Warren and Bourque 1989) to the impact of cooperative learning strategies on girls' performance in math and science courses (cf. Fennema and Carpenter 1998).
 

A central issue in North America and Europe has been women's continuing under-representation in science and engineering (cf. Adelman 1998, Berryman 1983, Lockheed et al. 1985).
  In the United States, despite dramatic increases since the 1960s in female college undergraduate and graduate enrollments and labor force participation rates,  women in the late 1990s still were a relatively small proportion of those earning degrees or employed in science and engineering fields (NRC 1994, NSF 2000).
  Among college majors and degree holders, women have, since 1982, received over half of all bachelor's degrees, reaching 55.2% in 1996 (NSF 2000).  Yet, while their total percentage in science and engineering has also risen (from 38.5% in 1982  to 47.1% in 1996), these figures include degree holders in psychology, the social sciences and biology, areas where women are equal or predominate.
  At the graduate level, too, the dramatic growth of female graduate SE enrollments is concentrated in the social sciences, biology and psychology.
   

The picture is less rosy in the physical sciences and engineering.  Women in 1986 received only 12.3 percent of bachelor's degrees granted in natural science and engineering fields, falling to 9.1 percent in 1991 (Vetter 1995: 3), but rising to over twenty percent in the mid-nineties (NSF 2000).
  In the physical sciences and mathematics, recent increases in the proportion of female graduate students is mainly due to the decline in male students entering these fields (NSF 2000).
 

Despite public outcry for more "high technology" workers, the gender gap is greatest in computer science and engineering, and increases from undergraduate to graduate school.  After dramatic growth in the 1970s and 1980s, both the numbers and percentages of women receiving bachelor's and master's degrees in computer science declined in the past decade.(Brush 1991, NSF 2000, Vetter 1995).  Women dropped from a peak of 37 percent of bachelor's degrees in 1984 to 28 percent in 1996. 

In engineering, where women in 1971 received less than one percent of bachelor's degrees,  concerted efforts in the 1980s to increase female representation produced significant gains, with women reaching 15.4% in 1987.  Yet, this figure remained under 16% until 1994, rising slightly to 17.9% in 1996, a period when male enrollments declined  (NSF 2000; Vetter 1995).  Higher female attrition rates continue among engineering students, unrelated to academic performance (Adelman 1998).
 The numerical significance of the gender gap in engineering is magnified by the sheer numbers of engineering degrees awarded yearly.  Almost thirteen percent of all male undergraduate college students in 1991 earned engineering degrees compared to less than two percent of all women students (calculated from NSF 1994:215-219).

Prevailing Theoretical Approaches to the Problem 

American research aimed at understanding this persistent science gender gap has focused on identifying barriers to female participation, primarily using survey data and statistical methods to identify variables which predict female academic and career choices (cf. Ethington 1988, Maple and Stage 1991, Oakes 1990).  While some argue these approaches provide little insight into underlying processes (Epstein 1991, Holland and Eisenhart 1981, McCarthy and Apple 1988), such studies continue to guide policy and intervention programs (cf. NCR 1994).  

Internal Sources:  Self-Selection.  Early theoretical explanations focused on women's deficiencies in mathematics (the "crucial filter") with controversy over whether origins were biological or social (cf. Benbow and Stanley 1980 vs. critical review by Fausto-Sterling 1992).  Attitudinal and affective sources of differential achievement and participation in school mathematics (and science) are now generally posited (cf. Fennema-Sherman 1977; Fennema and Carpenter 1998) although biological explanations persist, reinforced by the scientific press (for sobering critiques see Bleier 1984, Eccles and Jacobs 1986, Begley 2000).  An implicit "deficit" perspective emphasizes female "avoidance" of math and science subjects, majors, and careers rather than the subjective task value of fields which girls do select (Eccles 1987, Noddings 1998).  These researchers share a conceptual framework in which the scientific gender gap is the outcome of socialization-influenced, internal, individual psychological processes, attitudes and abilities;  and of cumulative academic "choices" individuals make for themselves. 

External Sources: Structural Barriers.  Scholars have started to explore external, institutional barriers which confront females (Brush 1991, Hansot and Tyack 1988, Wolfe 1991, Zuckerman et al. 1991).  Although some policy-oriented studies examine barriers in the S&E workplace (cf. NCR 1994), the bulk of research has focused on educational institutions and the factors generating a "chilly classroom climate" for girls in science and engineering (cf. Sadker and Sadker 1991; Science 1993).
  Cultural reproduction theorists have shown how school recontextualizes the gender socialization process in terms of gender-appropriate subject matter (Smail and Kelly 1984).  

The institution of science has itself come under scrutiny (cf. Bleier 1988, Schiebinger 1989).  Scholars argue American science is rooted in Western European notions of "objectivity", "rationality", "domination" and the "conquest" of nature, each linked to concepts of masculinity vs. femininity (cf. Haraway 1989, Keller 1992).  The destructive uses to which science has been put in the West, by the military (Hacker 1989), and in ecologically insensitive "development" technologies (Mies and Shiva 1993) has also been noted.  To some, the institutional structure and ways of doing science are "masculine" and hence unattractive to women (Cokburn 1988, Hughes 1991).  Emerging ethnographically oriented studies show how gender is implicated in specific American scientific cultures such as engineering (cf. Downey, et al. 1993; Pattatucci 1998), computing (Kiesler, Sproull and Eccles 1985, Turkle 1984), high energy particle physics (Traweek 1988) and the "technical" trades (Weston 1990).  Traweek, in one of the few cross-cultural studies, compares the gendering of science and technology in Japan and the United States (1993).  

If gender-science configurations are socially constituted, culturally embedded and historically specific, we cannot assume American theoretical frameworks for gendered science are generalizable to other cultural contexts.  Yet, as Science magazine noted (1994), there is a dearth of cross-cultural studies.  Comparable theoretically-oriented studies of non-Western societies are virtually absent from the literature; even purely descriptive detailed data on women in science and engineering are lacking or inaccessible to Western scholars (Blumberg and Dwaraki 1980, Haley-Oliphant 1985, Malcolm, et al. 1985, Mukhopadhyay 1994, Subrahmanyan 1998).  We do not know how duplicated, cross-nationally, are gender-science differences found in the United States or what institutional configurations or cultural models influence women's science-related decisions in other cultures.  Yet international "development" programs are still often guided by Western models of the scientific gender gap, including an American focus on gender-differentiated capacities and interests (see review by Warren and Bourque 1989; Goel and Burton 1996).

Current American theories may not even apply to all ethnic groups in the United States (Gibson 1988, Kim 1993).  Available data reveal intriguing and unexplained ethnic and nationality differences in American women's SE behavior (Berryman 1983, Oakes 1990, Vetter 1995, NSF 2000).
  Current theoretical frameworks and intervention programs have yet to address such differences (cf. Fennema and Carpenter 1998).
  In order to design culturally relevant programs in non-Western countries, as well as in the United States, we must understand more about the social and cultural context of women's academic decision making.

Anthropological Approaches

Despite long-standing theoretical concerns with both the sexual division of labor and cultural factors in education, anthropologists have heretofore participated peripherally in these scholarly conversations (see review in Mukhopadhyay and Seymour 1994).  Nevertheless, they are entering the dialogue, calling for a more anthropologically-oriented, comparative, culturally and socially contextualized understanding of how science becomes gendered  (Bellisari 1989, 1991;  Bourguignon 1985, Cole and Griffin 1987, Downey, et al. 1993, Gladwin 1982;  Holland and Eisenhart 1990, Mc Dade 1988, Mukhopadhyay 1994, 1987).   My own research has built upon traditional anthropological approaches and methodologies as well as more recent work in feminist, educational and cognitive anthropology, especially cultural models and ethnographic decision modeling approaches.  

The Sexual Division of Labor and Scientific Labor.  The past two decades have seen a revolution in how gender theorists in anthropology think about "the sexual division of labor" (di Leonardo 1991, Du 2000,  Fedigan 1986, Gero and Conkey 1990, Hewlett 1992, Mukhopadhyay and Higgins 1988).  A constant and "primordial" sexual division of labor, rooted in "natural" differences between the sexes has been challenged (cf. Guyer 1991; Sacks 1982).  Data show sexual divisions of labor are culturally specific, socially constructed, interwoven into broader social processes and linked to gender ideology and power relations (c.f. Moore 1988, Strathern 1987).  Who uses technology reflects cultural and social processes, especially who controls the technology, not intrinsic features of the technology (Warren and Bourque 1989).  These insights can be extended to the "work of doing science."

Cognitive Anthropology, Cultural Models, and Ethnographic Decision-Modeling.  A promising approach for understanding gendered science comes from cognitive anthropology, especially work on cultural models by D'Andrade, Eisenhart, Holland, Quinn and Strauss and on ethnographic decision-modeling (cf. Gladwin 1989).
  Cultural models are deeply embedded and internalized complex cognitive structures (cultural schema) which are implicated in thought, action, and emotions.
  Among other things, cultural models provide an interpretive and information-processing aid which we use for everyday reasoning, for organizing experience, for thinking, feeling and acting, for creating meaning (D'Andrade 1995; D'Andrade and Strauss 1992; Holland and Quinn 1987; Strauss and Quinn 1997).  Cultural models neither "determine" thought nor behavior, motivations nor intentions;  rather they are "mediating devices" in individual reasoning, emotions, actions. (Strauss and Quinn 1997).  Recent work in cultural models theory recognizes the durability, stability, and shared aspects of culture and the powerful, directive "force" culture has on individual thought, emotions and action.  At the same time it recognizes the role of human agency and human creativity in thought and behavior.  Cultural models theory allows for both culturally patterned behavior and intra-cultural variability, for varying degrees of sharing of cultural models and for multiple cultural models.
 

Cultural models, as internalized understandings and shared cognition, are deeply implicated in and revealed through language.  Recent work identifies cultural models through extensive analysis of ordinary discourse, particularly recurring metaphors, key words, and patterns of reasoning.  This strategy replaces an earlier concentration on systematic, detailed, formal analyses of native systems of classification.
  

Another strategy for tapping cultural models is to elicit and analyze informant narratives of decision processes, such as activity-related and occupational choices (cf. Gladwin 1989; Linde 1993; Mukhopadhay 1980).  A guiding assumption in this research,  derived from cognitive anthropology, is that individuals employ internal, individualized versions of cultural models in making decisions.  In this study, I have approached the scientific "gender-gap" as the outcome of cumulative decisions made about individuals (both by individuals themselves and by families for and in concert with individuals).  I view internalized cultural models (at varying levels of consciousness) as generating culturally patterned and probabilistically predictable although not uniform outcomes.  Diverse outcomes partially reflect the application of cultural models to variable circumstances and situations.  But, decision-makers utilize, interpret, and apply cultural models selectively and creatively, in the context of their own circumstances and goals. 
  

Ethnographic decision-modeling originally developed in conjunction with anthropological attempts to understand the cultural knowledge and cognitive processes underlying human behavior (cf. Gladwin and Murtaugh 1980; Plattner 1975; Quinn 1976; Randall 1977).  Studying "natural" human decision-making, that is, real human beings making real-life decisions, especially routinized decisions,  in "normal" , ethnographic contexts, using systematic methods derived from linguistics and psychology, was one additional vehicle for understanding "how culture is organized in the mind" (D'Andrade 1995).  More ambitiously, it promised insights into the relationship between culture, cognition, and human social action—what people actually do. 
  It also extended ethnographically grounded critical assessments of prevailing theoretical paradigms in psychology and linguistics to micro-economic theory.
 

For some, ethnographic decision-modeling primarily offered an effective strategy for exploring and modeling "native" or "emic" perspectives in socially significant domains of human action, such as medical decision-making (cf. Young 1980), allocating household tasks (Mukhopadhyay 1980),  or family farmer economic decisions (Gladwin 1976).  If one's concern was understanding observable non-verbal behavior, these methods held the potential of predicting, or at least anticipating, patterned individual choices under various circumstances.  Results could be systematically tested, refined, and used to develop culturally-sensitive questionnaires for larger and more diverse samples or to make policy recommendations.

Methodologically, ethnographic decision modeling relied on ethnographic fieldwork, especially in-depth interviewing and detailed, linguistically-oriented, analyses of verbal data, to elicit native choice points, alternatives, and decision criteria.  Ethnographic decision-models were formalized into hierarchical decision-trees or decision tables allowing systematic, explicit tests (both direct and indirect) of the model using decision outcome data.  Understanding and predicting group or culturally patterned choice behavior was emphasized but it also provided a method for identifying how shared cultural processes generated observed behavioral variability (Mukhopadhyay 1980, Quinn 1975). 

Since the 1980s, cognitive anthropologists have been pursuing a wider range of goals (Holland and Eisenhart 1991; Holland and Quinn 1987; Strauss 1992),
 eliciting techniques (Holland and Skinner 1987), representational devices,  and testing strategies (Garro 2000; Plattner 1984; Weller and Romney 1988; Werner and Schoepfle 1987).  Ethnographic decision modeling has been amplified to allow fuller exploration of the cultural models implicit in decisions (Holland and Eisenhart 1990, Mathews 1987), to discover culturally variant decision models (Garro 1988, Mathews and Hill 1990, Wright et.al 1993), and to construct culturally meaningful surveys for larger, culturally diverse samples which can then be analyzed statistically (Schoepfle, Burton, and Begishe 1984).  Direct, relatively labor intensive testing procedures are being supplemented by more indirect, statistical techniques (Mukhopadhyay 1984) which can also handle cultural variation.    

Recent work on cognition, especially the emergence of "schema theory" and connectionist models of human information processing, has prompted some cognitive anthropologists to abandon ethnographic decision-modeling as an approach to studying or representing human cultured cognition.  Cultural models theory refocuses theoretical attention on the relationship between culture and mind, between individual and cultural understandings, on erasing false dichotomies which place culture outside the individual, and on using language—but less constrained, natural discourse—to provide insights into these issues (cf. Strauss and Quinn 1997; D'Andrade 1995 for a review; also Garro 2000). 
 

Modified ethnographic decision-modeling, however, when combined with cultural models approaches, remains a valid and useful way to study and understand certain behavioral domains, to identify "native" cultural models implicated in relatively conscious, frequently discussed, and significant decisions.
  It continues to provide an explicit way of representing the cultural understandings and considerations that underlie alternative courses of social action.  And the cultural validity of "emic" models can be assessed.
  It combines intensive, qualitative, cultural and informant-oriented approaches with methodologies more capable of handling the intra-cultural variability, culture change, and large populations characteristic of modern, complex society.  In the context of my India research, it has allowed me to construct, extend, and evaluate a culturally context sensitive theory of the scientific gender gap through studying academic decision-making.  

Cultural Models in Educational Choices.  Recent work suggests "cultural models" play a profound role in school-related experiences and achievement (cf. Mickelson 1993; Holland and Eisenhart 1988b, Stone and McKee 2000).  Ethnographic studies reveal variability in American ethnic groups' cultural models of schooling (Gibson and Ogbu 1991), including science careers (Bellasario 1991, Kim 1993).  Differences in cultural models are linked to minority groups' educational success, despite similar structural barriers (Ogbu 1987).  Cultural models from many domains are implicated:  family, marriage, personhood, success, gender and sexuality (Gibson 1988, Mukhopadhyay and Moses 1993, Weis 1988).  Cultural models of schooling are social context dependent, shaped by historical circumstances and a group's position within society.  The same ethnic group can perform differently in different societies (Ogbu 1978, Mikelson 1993) and cultural models adapt to new opportunities (Gibson 1988).  This suggests that the cultural models which guide women's science-related academic decisions must be located in historically and culturally specific configurations of gender relations as well as in relationship to larger socioeconomic forces (Bourguignon 1985).

Holland and Eisenhart's work, perhaps the most systematic anthropological investigation of women's academic career choices in the United States, exemplifies the value of the cultural models approach.  Combining creative ethnographic and verbal eliciting strategies with more quantitative approaches (1981, 1990), they discover how a pervasive peer group "culture of romance" subtly steers American women towards traditional careers and away from math and science.  The "romance" model and the more specific "going to school" models, however, reflect American cultural themes and institutions.  My research extends the cultural modeling approaches of educational and cognitive anthropologists beyond the United States, to cultures whose institutional contexts and concepts of family, marriage, and personhood are quite different.   

Anthropologists, exemplified by Margaret Mead, have used cross-cultural research to advance gender theory, not only within anthropology but in sister disciplines as well.  A primary purpose of this study, then, is to expand the boundaries of current theorizing through introducing into the discussion both data and a theory of women's scientific under-representation derived from anthropologically-oriented fieldwork in a different cultural and social context, India.

The India Research Project

In 1988 I initiated a cross-cultural study of the sexual division of scientific labor in India, focusing on understanding women's science and engineering related academic decisions.  India was selected as the research site partially because my prior research suggested Indian cultural models of gender differed from Western ones (cf. Mukhopadhyay 1982).  India's highly developed scientific and educational infrastructure and new women's research programs promised an environment conducive to collaborative and comparative research and aggregate statistical data and indigenous research not available in the U.S.
 

The Scientific Gender Gap in India.  All-India statistics show patterns of female representation in science and engineering which, on the surface, seem similar to those in the United States.  Despite significant advances in Indian women's education since Independence (see Mukhopadhyay and Seymour 1994), nationwide statistics show that women are less likely to pursue science degrees than are their male counterparts (Mukhopadhyay 1994).   In 1986, according to Government of India statistics, Indian women were barely 30% of students enrolled in Bachelor of Science programs, while constituting 37.9% of students pursuing "Arts" degrees (social sciences and humanities) and 43.9% of those seeking a Bachelor of Education (Government of India 1987a, b).  By 1995, despite anecdotal reports of dramatic increases in women's entry into science and engineering, these figures had not altered substantially.  Women still constituted about one-third of science students (33.3%) while they were relatively over-represented in Arts (40.0) and Education (43.2%) students (Government of India 1995a:17-19).  

As in the United States, the Indian science gender gap is most dramatic in Engineering and Technology.
  According to Government of India statistics, in 1985-6 women were just six percent of those enrolled in bachelor's degree engineering courses and less than 10 percent of students at the Polytechnic Institutes.  By 1994-5, even with enormous enrollment gains, women still constituted less than 15 percent of Engineering and Polytechnic students (Government of India 1995a).  This gender gap is greatest at the most prestigious engineering and science institutions, such as the Indian Institutes of Technology (Mukhopadhyay 1994; unpublished IIT data 1995); Mukhopadhyay 1996; Parikh and Sukhatme 1992).  IIT data I collected in  1996 show that as in the 1980s, women are fewer than six percent of the students admitted to the IIT undergraduate engineering program (unpublished IIT and JEE statistics, personal communication, 1996). 

Phase I: Collecting ethnographic data   The first phase of this long-term project involved: 1) Visits to major educational and technical research institutions and intensive interviews with over 60 "expert consultants": researchers, administrators, and educators whose position and experience gave them expert knowledge on women's representation in science and engineering.  This provided an all-India overview of the complex Indian educational system, the academic routes (and obstacles) to SE degrees, and access to statistical data and research by Indian scholars.  2) A second college and student focused ethnographic component involved two months on-campus residence at a major engineering institution, Indian Institute of Technology (IIT), Madras/Chennai
, in the southern Indian state of Tamil Nadu.  This was augmented by briefer stays at Indian Institute of Science (IIS), Bangalore and Cochin University of Science and Technology (CUSAT), Kochi, Kerala.  Participation observation and informal and more structured individual and group interviews with both genders provided detailed information on IITs, academic alternatives (prior, current, future), science-related career opportunities in India, and gender issues at this overwhelmingly male campus.  Twenty in-depth, individual academic career histories were collected by me, primarily from women IIT students.  

Throughout, I employed modified ethnosemantic and more naturalistic interviewing techniques to identify key academic decision points prior and subsequent to IIT admission  (e.g. "streams", "subjects", "branches", "curricula", IITs, "tutorials", "hostels"), alternative choices at each decision point (e.g. CBSE vs. State curriculum, science vs. arts), and the considerations in each choice.  This interviewing strategy, accompanied by in-depth probing into broader circumstances surrounding each decision, and into recurring terms, categories, phrases and presuppositions contained in informant verbal responses, provided entry into cultural models of family, marriage, gender, schooling, science, careers and success.  These interviews (mostly tape- recorded, and in English) also yielded rich verbal data and insights into women's subjective experiences, complex family and gender issues in academic choices, "balancing" of additional considerations depending on family circumstances and goals, reconciling of individual with family goals, and other sources of variability in girls' academic paths.  This intensive interviewing stage laid the groundwork for later creating a culturally meaningful questionnaire to use with an expanded and more diverse Indian sample (Gladwin 1989). 

Phase II: Developing an Ethnographically Grounded Theory.  Analysis of the ethnographic data from phase one yielded a theory of Indian women's under-representation in science and engineering.  This theory is detailed in the book Women, Education and Family Structure in India (Mukhopadhyay and Seymour 1994: Introduction, and Mukhopadhyay chapter).  

Briefly, the theory posits an ongoing tension between macro-structurally generated pressures that increase the desirability of education for women and microstructural pressures that constrain women's education. It suggests three major factors underlie overall Indian gender disparities in educational enrollments as well as the gender gap in science at secondary and college levels: 1) the emphasis on educational decisions as family decisions, guided by collective family concerns, rather than individual decisions, based on individual desires and goals; 2) gender-differentiated family obligations that produce gender-differentiated educational expectations and goals for sons vs. daughters and which can lead to family educational investments which advantage sons over daughters; and 3) family concerns with female chastity, marriageability, and family honor that make the education of daughters socially problematic. 

These three factors reflect and are derived from a long-standing and wide-spread Indian cultural model of family which Susan Seymour and I have termed  "patrifocal family structure and ideology" (Mukhopadhyay and Seymour 1994).  Among its characteristics are: the subordination of individual goals to collective family welfare; structural features (patrilineality, patrilocal residence) which reinforce the centrality of sons and the peripheral status of daughters; gender-differentiated family responsibilities and activities; regulation of female sexuality (to maintain the purity of the patriline) through arranged marriages and restricted male-female interactions; and female standards of behavior which emphasize "homely" traits such as obedience, self-sacrifice, adaptability, nurturance,  restraint, and other behaviors considered conducive to family harmony.

While other cultural models of family exist in India (cf. Kolenda 1987), this is perhaps the most prominent and one to which most Indians have been exposed, whether through popular culture, including Hindu epics and mythology, written literature, or personal experience.  As such, it provides a significant culturally-rooted conceptual and cognitive framework for thinking about and making educational decisions.

Beginning in the late 19th and 20th century, and continuing through the  post-Independence era, education has become increasingly linked to family status (cf. Papanek 1989; Sharma 1986; Mukhopadhyay & Seymour 1994).  Given the long-term family responsibilities of sons vs. daughters (and the family sexual division of labor), it is not surprising that families view investing in boys education differently than girls.  Because sons, in this cultural model,  have the primary obligation to care for natal families, investments in a son's education benefit the family directly.  In contrast, daughters  are expected to marry, "leave" the family and acquire obligations towards their husband's family.  Thus a daughter's education will, after marriage, primarily benefit her in-laws rather than her natal family.  The patrifocal family model assumes that a family's primary obligation to daughters is to see they "marry well", upholding family honor.  

Education can pose social dangers to  daughters' marriageability, requiring going "outside the family" into the "male" world and cultivating traits, such as independence which could undermine patrifocality.  Within the context of the patrifocal family model, then, educational decisions,  whether for sons or daughters,  are framed by their projected impact on the collective family welfare, involve family resources and family status considerations, and (like marriage) are too important to leave in the hands of individual students. 

Macrostructural pressures for education, including women's education, come from the post-Independence emphasis on education, science and technology, and the association of education, especially science degrees, with occupational opportunities and prestige.  This fueled the enormous expansion of the Indian educational system and the rise in literacy rates, school attendance, and college enrollments (Mukhopadhyay and Seymour 1994).  It also produced an academic hierarchy of subjects and degrees, with tremendous competition for "seats" in high-ranked fields at high ranked educational institutions.  Such degrees provide access to jobs  "with scope"—that is, careers with financial and career advancement potential. 

Modern education, however, has not benefited all equally and, according to some, has exacerbated rather than alleviated traditional class/castes disparities (Chitnis 1989; Naik 1982; Weiner 1991). Many children never attend school and there is a high attrition rate for both sexes after elementary school.  Poor families require all members to work and cannot invest in education (cf. Seymour 1988; Seymour 1999).   Only a fraction of students ever reach college or obtain college degrees (cf. Government of India 1987a, 1995a).  These trends are even more pronounced for girls and their school attrition rates are considerably higher at each educational stage (Mukhopadhyay and Seymour 1994).  Given the patrifocal family cultural model (differential obligations of sons & daughters; the potential "social" dangers of educating females) and the limited economic resources of most Indian families, it is generally more "worthwhile" to devote resources to the education of sons than to daughters.  Thus, while daughters receive some education, sons receive more and, when economically feasible, take the subjects prerequisite to entering higher ranked fields and colleges. 

Pursuing science exacerbates these problems for girls.  Obtaining a science degree is  more competitive, and hence more costly and difficult, than a non-science degree and requires a larger investment of family material and non-material resources.  It also poses exceptional threats to women's marriageability.  In the past, science was unavailable at all-girls schools and even today often requires attending co-educational institutions (cf. Vasantha 1996).  Pursuing applied science degrees, especially engineering, and especially at the prestigious and highly competitive Indian Institutes of Technology (IITs) implies immersion in an overwhelmingly male environment, unsupervised, close contact with unrelated males, and residence in a campus hostel.  Similar conditions exist in science and engineering workplaces.
  Since husbands should outrank wives on relevant social criteria, grooms with higher academic rank must be found, narrowing the pool and increasing any dowry demands. (Mukhopadhyay 2001)

At the same time there are countervailing pressures for daughters' education generally, and science education specifically, particularly among the class of families who can afford college education for both sons and daughters.  Education can enhance a girl's marriage prospects, cultivating attributes consistent with the patrifocal cultural family model (Chanana 1988).  Better-educated husbands often prefer more highly educated wives.  Among highly educated elites, the potential social risks of girls entering engineering and science may be balanced by the prestige such an accomplishment brings the girl and her family.  Traditional "pluses" of education are augmented by the growing marriageability value attached to a girl's earning capacity.  With more jobs available at women's colleges and in other "respectable" settings (government offices), an "earning" daughter-in-law can be an asset to her family.  Girls' economic self-sufficiency may enhance their standing with future in-laws, and mitigate dowry pressures.  As with boys, science degrees, especially in highly ranked fields, provide access to  "good jobs" with "scope" and opportunities abroad for the girl, her future spouse and in-laws. 

Education is not only an asset in the marriage market, it can also independently benefit a girl's natal family, before and after marriage.  A daughter's earnings can be used for sibling's education, as "insurance" should she not marry, and as insulation against pressures to marry.  Being in a field "with scope" can provide domestic and foreign opportunities and connections for other family members.  And, as noted above, educational achievement is highly respected in its own right, conferring prestige on a girl's family.  Even this "pure" accomplishment can have ancillary benefits, such as when seeking to arrange marriages of other family members to high-status, education-oriented families. 

For some families, then, the "benefits" of girls' science degrees outweigh the potential social costs, especially if one avoids highly ranked fields in highly male-dominated and hence socially dangerous educational and work contexts (e.g. engineering).  This is discernible in recent educational statistics (Vasantha 1996), in ethnographic accounts (cf. Seymour 1999), and in my own data, especially in the academic and occupational goals of students in the pre-college sample.

Phase III: Testing the Theory with an Expanded Sample.  A return trip to India in late 1988 and 1989 expanded the study to a larger and socioeconomically, culturally, academically and linguistically broader sample of students.  The primary goal was to collect data to test and refine the ethnographically derived theory of women's science-related academic choices.  

The sample was expanded to pre-college students because ethnographic data indicated that crucial science-related decisions occur prior to students entering college.  In addition, ethnographic student and expert consultant data, while rich and regionally diverse, come primarily from urban, relatively affluent and highly educated, English-speaking, science-oriented, upper-caste, modern elites -- i.e. those for whom schooling has been a strategy for success.  Expert consultant and published accounts suggest commonalties in rural families' approach to girls' education, manifestations of the patrifocal cultural model of family and gender (see Mukhopadhyay and Seymour 1994).  Yet, even in major urban areas, many students never complete secondary school, much less college.  India's variability in class, religion, caste/community, region, kinship and marriage customs demanded the ethnographically-based theory be tested and refined using a more diverse and less elite sample of urban schools and students. 

An ethnographically-based,  culturally meaningful questionnaire (hereafter, the SAQ) was created, with versions for 6th, 9th, and 11th grade students.  In addition to the SAQ, four Western-derived "survey" type math and science attitudes questionnaires, suitable for cross-cultural comparison, were adapted to the Indian scene. 

The pre-college student data was collected between 1989 and 1990 and then sent to the United States for translation and processing.
  In 1995, funding from the National Science Foundation enabled me to begin formally testing the ethnographic theory using this pre-college data base.  In combination with the ethnographic data, it constitutes a rich resource on Indian students which, to my knowledge, exists neither in India nor in the United States.  The following section provides more detailed information about the pre-college data base.

The Pre-College Database

The pre-college questionnaire data base contains three types of data:

1) The Student Background and Academic Choice Questionnaire (SAQ) taps culturally meaningful data on the academic decision process.  It includes information on family demographic, socioeconomic and academic characteristics; student academic backgrounds, family responsibilities and sources of academic assistance; culturally significant socio-cultural variables such as attitudes on co-education, marriage, dowry, careers and children; attitudes about mathematics and science; academic performance data; and information about past and projected science-related academic choices, including hypothesized constraints on entry into science fields.  Different versions were developed for 6th, 9th and 11th grade classes, with the 11th grade questionnaire having the most detailed science academic career-related questions. 

2) SAQ narrative responses designed to tap students' cultural models of science, scientists, and of the sexual division of labor. Part one elicits written "explanations" of a set of highly gender-differentiated activities.  Part two elicits student "mental pictures" (images) of a scientist, an engineer, an a doctor (Adapted from Kelly 1985).

3) Questionnaire (primarily forced-choice) data from four instruments originally developed in the  West and adapted to be culturally meaningful in the Indian context. 

a) The Fennema-Sherman Math Attitudinal Scales (1976), questions from 8 sub-scales measuring student attitudes related to mathematics: self-confidence, anxiety, perceived usefulness, effectance behavior, math as a male domain, and mother, father, and teacher attitudes.

b) Three adapted versions of questionnaires used in the Girls in Science and Technology (GIST) project in England (Kelly, et.al 1984; Kelly 1985, Smail and Kelly 1984, personal communication): Image of Science, Curiosity about Science, Science Activities questionnaires.

Table 1.1 summarizes the pre-college database: location of schools, sections and grades sampled, language of instruction;  coeducational status; and school type, and for 11th grade sections, the academic "stream" (science, commerce, arts).  Table 1.1 also shows questionnaires administered at each school and numbers of students completing each questionnaire (SAQ, Math Attitudes, Image of Science, Science Curiosity, and Science Attitudes).  The data base contains nearly 5000 questionnaires completed by over 1600 students at twelve schools in four Indian cities.  Copies of the questionnaires are in Appendix A1.

School Sites and Sample Selection.  Schools, and entire classes of students ("sections") within schools, served as data collection sites.  Two cities, Bangalore and Delhi, were initially selected to represent "north" and "south" India, with schools in Madras and Hyderabad subsequently added.
  Twelve school sites were included, selected primarily by Indian colleagues, using local contacts. 

Our original strategy in Delhi and Bangalore was to sample schools from the same general locale representing the main Indian pre-college school-types: 1) privately owned and run schools  ("public" schools);  2)  schools established by the Central Government of India for its employees, with a common curriculum throughout all parts of India (the "Kendriya Vidyalayas" or "KVs"); and 3)  "government"  or "municipal" schools, run by local municipalities. 

According to expert consultants, school-types vary academically and draw students from different socioeconomic backgrounds, with municipal schools generally the lowest on both dimensions.  Kendriya Vidyalayas, the Central Government schools,  follow an academically rigorous curriculum and attract students from both highly educated, upper-middle class and lower level government worker families .  In some areas, KVs, are outranked by academically elite, English-medium, expensive college preparatory private ("public") schools, such as the private school in the Delhi sample (see also Vasantha 1996).  Other private schools follow a particular educational or religious philosophy.  Some, such as the Bangalore school, serve non-elite students, including those lacking the "marks" to enter science streams at central government schools.
 

We also sampled English-medium and vernacular medium schools (or sections within schools), additional indicators of student class and academic rank.  Language of instruction and English fluency can affect student performance on crucial science-related college entrance exams.  Until recently, the entrance exam (JEE) for the prestigious all Indian Institutes of Technology (IITs), was given only in English.  English fluency offers other educational and career advantages, within and outside science and engineering, such as opportunities abroad in English-speaking countries.  Hence, the growing popularity of English-medium schools at all educational levels, despite a national commitment to Hindi, the official language of India.
  In this study, English questionnaires were translated into and administered in two regional languages, Hindi (for the Delhi schools)  and Kannada (for the Bangalore schools).

Co-educational and single-sex schools are in the sample.  Co-education remains an issue in India, especially for orthodox families, even though the central government has encouraged co-education.  Until Independence, many families, Christian as well as Muslim or Hindu, would send daughters only to single-sex schools, especially after primary school (cf. Chanana 1994). According to my informants, long-established all-female "Christian" schools and colleges often are "top-ranked" and attract girls from both conservative and less orthodox families.  In this pre-college sample, however, academically higher ranked schools tend to be coeducational schools.  Interestingly, all "municipal" schools in this sample are single-sex schools. In Delhi, the boys and girls schools occupied the same physical building, utilizing it at different times in the day. 

The Delhi sample closely approximates the original sampling design with all school-types, English and Hindi medium, and coeducational and same-sex schools.  Bangalore, too, includes all school-types.  But the private school, according to consultants (and SAQ student data) is neither economically nor academically elite, unlike its Delhi counterpart.  My Bangalore research assistant was unable to sample boys municipal schools while equivalent girls sections were over-sampled.
 

I personally visited all Delhi and all but one Bangalore school.
  At site visits, I interviewed administrators and classroom teachers and arranged for questionnaire administration.  I or my research assistants obtained additional information about the school -- size, curriculum, staff, facilities, setting, student family backgrounds, general school atmosphere.  We also made notes on the circumstances surrounding the administration of the questionnaires. 

Selection of Grades, Sections and Streams.  The inclusion of  6th, 9th and 11th grade ("standard") students parallels the Western-based  math and science attitudes questionnaires  samples.  In the Indian context, these grades also represent significant decision points in the academic choice process that can affect future science-related career paths. 

For eleventh grades, we tried to sample one class ("section") from alternative academic  "streams":  science, commerce, or arts.  In theory, secondary school students pursue either a "vocational" (i.e. "general") or an "academic" stream.  Academic streams are college-preparatory; vocational are not, although one can take post-secondary "diploma" courses.  According to expert consultants, government attempts to promote vocational education have not been very successful.  Academic streams remain more prestigious and popular and few schools offer vocational streams.  Even the municipal schools in our sample had only "academic" streams.
  For multiple sections, we selected the first group, so-called "A" section, not an academic ranking but a random assignment of students.  When English and non-English sections were offered, we tried to sample one section in each language.  We followed similar procedures for multiple sections of 9th and 6th graders.
  

Administering the Questionnaires.   English versions of all questionnaires were checked by Indian consultants for cultural appropriateness, wording, and student readability.  I administered the first SAQ, in English, to eight classes of students in Bangalore.
  The remaining questionnaire data was collected by three Indian research assistants after my departure and mailed to me in the United States.  Because of teacher concerns about loss of class time, I gave research assistants a priority list for questionnaires (SAQ first) and grade levels (11th).
  Research assistants, working under Indian expert consultants, supervised translation of English questionnaires into Kannada and Hindi versions.  Completed Kannada SAQs were translated into English in India by the Bangalore Research Assistant and verbatim responses mailed to me. Student responses on other questionnaires were copied by the research assistant  onto machine-readable coding forms I supplied, mailed to me, then scanned into an ASCII raw data file. The Hindi questionnaires were shipped, untranslated, to the U.S., and translated by an Indian-born Hindi-fluent American college student.

Processing SAQ and other data.  Raw data from the questionnaire portion of the SAQ was initially entered into DOS-based SPSS files, using three grade specific SPSS Data Entry templates I created
  I perused the 6th, 9th, and 11th SAQs to identify all variables and variable values for each "Dictionary".  For open-ended SAQ responses, semantically appropriate and culturally meaningful coding categories were created by sampling student SAQ responses. Coding categories were created for language, occupational,  religion, demographic, student activity, future occupational and academic choice data.  The final 11th grade SAQ Data Entry form contains  185 raw data variables drawn from the original 49 questions.  The 9th grade form  contains 177 raw data variables representing the original 46 questions. The 6th grade SAQ Data Entry form contains 101 raw data variables from the original 22 questions. 
   

I created an elaborate "tutorial" along with "data entry" instructions for each variable to guide student assistants entering and coding SAQ data.
  Most open-ended responses were entered as "string" variable data.
  Each SPSS Data Entry form provided instructions for handling different versions of the questionnaire. 
  Several "trial runs" of Data Entry forms were required to identify all "versions", response categories, and clarifications needed in data entry and coding instructions. Every section in the data base was sampled to "test" final versions of data entry forms.
  Appendix A1 contains a sample from the SPSS Dictionary Variables and SPSS Data Entry forms.

Most Math and Science Attitude questionnaire responses were typed into raw data files by student assistants, using a text editor; the remainder were hand-entered in India onto scanning sheets and then scanned in the U.S.  I later translated all files into SPSS windows files.  All questionnaire data initially was entered and stored by individual sections within schools,  rather than aggregating sections and schools.  Subsequently, when a Windows version of SPSS became available, individual DOS-based files were transformed into and analyzed as SPSS Windows files. Individual sections were merged to create grade specific and total sample files.
 
SAQ Sample Characteristics. Charts 1.1 through 1.12 (at the end of this chapter), describe key characteristics of the pre-college data base, using data from the sections which completed the SAQ and were included in the analysis of SAQ data.
  Sample sizes on Charts 1.4-1.12 fluctuate according to the number of students who responded on a particular question.  Missing responses are shown only in charts 1.10 and 1.12.  (Describe???not now)
The data used in the following chapters to test the ethnographic theory come primarily from the pre-college questionnaire data base.  However, ethnographic data has been essential for contextualizing and interpreting questionnaire data and for refining the initial theory of women's science-related academic choices.  The present study constitutes only one of many possible investigative paths that can be pursued using this substantial body of data. 

Overview of Chapters

The chapters which follow summarize results from the evaluation phase of this project.  Each chapter essentially constitutes a separate, systematic "test" of the ethnographically derived theory of the scientific gender gap in India, using alternative types of pre-college data and methodological approaches.

Chapters 2 and 3 employ 9th and 11th grade SAQ questionnaire data to carry out systematic, "formal", quantitative tests of simplified models of hypothesized gender-differentiated,  academic decision processes.  Chapter 2 most closely resembles standard testing procedures in ethnographic decision-modeling.  I first construct a simplified but theoretically grounded constraint-oriented model of academic decision-making.  For boys, the initial model assumes families select alternatives to maximize science-related occupational opportunities, subject to economic affordability and academic constraints (prerequisites, grades).  For girls, compatibility with the patrifocal family model constitutes an additional constraint on girls pursuits.  The model covers two types of recurring academic choices:  1) whether to continue schooling and 2) which alternative courses to pursue.  The initial model predicts a hierarchy of academic preferences for boys, if constraints are overcome:  Science > Non-Science, Applied > Pure Science, Engineering > Medicine, IIT > non-IIT.  The simplified model predicts a different pattern for girls, even if academic and economic constraints are overcome.

Modified "direct" tests of the model, using student self-reports,  support the constraint-model of science-related academic choices and the postulated general hierarchy of academic preferences for males.  The formal decision model predicts several academic choices with high accuracy, for science "choosers" of both sexes.  As expected, the model predicts girls decisions less well, but the model "errs" in theoretically predictable ways, especially among science students.

Comparison of science-choosers and non-choosers, by gender, shows science choosers, regardless of gender, come from distinct and socioeconomically and culturally elite family backgrounds, but girls even more than boys.  And science-bound girls seem less patrifocally-oriented than their female counterparts, especially on measures of future economic and natal family responsibilities.

Chapter 3 refines the simplified constraint-oriented model, incorporating more explicitly the role of patrifocal family models in girls' academic decisions.  It extends the model to intra-cultural variation, hypothesizing conditions which lead more and more girls to pursue science-oriented academic options.  This is a crucial extension of the model, with policy implications, since it suggests paths through which an increase in female science and engineering participation can occur.  The patrifocal cultural model of family is re-conceptualized as consisting of multiple, potentially independently varying dimensions, each with different impacts on girls educational decisions.  

Chapter 3 takes a more conventional educational research approach to "testing" this expanded and more complex model.  Bivariate and multivariate analyses are employed to evaluate theoretically grounded hypothesized relationships between "predictor", "control" and "outcome" variables, using aggregate 11th grade data on key academic high school and college level outcomes (science vs. non-science, applied vs. pure science, engineering vs. medicine).  Composite measures of commitment to patrifocality are constructed along with measures of family socioeconomic and educational status, and student academic achievement.  Logistic regression analysis is used to examine the adjusted "odds" of each gender selecting science-related options, at different levels of achievement and commitment to the patrifocal family cultural model.  Results show mixed support for the constraining impact of patrifocality on girls' science-related academic choices.  Chapter 3 suggests not only the complexity of the considerations involved in girls science-related "choices" but the difficulties in "measuring" and disentangling the effects of various "predictor" and "control" variables. 

Chapters 4, 5, and 6 pursue a different route to evaluating the ethnography based theory of the Indian science gender gap.  These chapters assess the relative merits of Indian and Western-derived theories of the scientific gender gap by testing a series of hypotheses about contrasts in Indian and Western cultural models of science, mathematics, personhood, gender, and school-going.  Assumptions about Indian cultural models are derived from ethnographic research and are implicit in the ethnographically-grounded theory of the scientific gender gap.  

Chapters 4, 5, and 6 evaluate three related hypotheses using different bodies of data and modes of analyses.  Chapter 4 utilizes 6th, 9th, and 11th grade student narrative vignettes from the SAQ to examine the first hypothesis: that Indian cultural models of science and of gendered work emphasize social context, social attributes, and social causality rather than biological, psychological, or individualistic attributes or explanatory modes.  Results are generally consistent with expectations.  Social explanatory frameworks are widespread and predominate in most accounts of gender-differentiated activities.  Gendered competencies, when evoked,  do not seem to embody the essentialist assumptions found in Western models of gender.  Verbal descriptions of scientists and engineers are socially-oriented, generally positive, emphasizing social characteristics of the activity, such as science for national development.  "Social" attributes and a "social self" are salient features of student perceptions of scientists rather than their personality traits or physical appearance.  In short, for both sets of data, social context, social goals, social attributes emerge as the most salient attributes of gendered personhood, whether for scientists or bus-drivers.

Chapter 5 uses Indian 6th grade data from three science attitudes questionnaires, originally developed and administered in England, to compare Indian and British school children's cultural models of science and gender and their implications for the ethnographically derived theory.  The questionnaires assess Science Curiosity, Science Activities in which students engage, and Images of Science.  British and Indian results differ in ways that are consistent with hypothesized Indian cultural models and with the Indian historical, institutional and occupational context.  Indian gender differences, when present, are outweighed by cultural contrasts to British responses.  There is significantly less gender polarization in the Indian than in the British data, especially on science curiosity and science activities.  Both male and female Indian students are more curious about science and participate in more science learning-oriented activities than do British students.  Although British and Indian students both hold positive images of science and scientists, the British questionnaire itself embodies a very different and more negative cultural model of science and scientists than the Indian one. 

Chapter 6 examines 9th and 11th grade Indian students responses on the Fennema-Sherman Math Attitudes questionnaire and compares them to American results.  This questionnaire, developed in the United States, reflects the "math as crucial filter", "masculinity" of math,  and socialization-rooted "self-selection" theories of the scientific gender gap.  The tests measure nine attitudinal dimensions American researchers link to girls' mathematics course taking and achievement.  Indian results are consistent with the ethnographic theory.  Unlike the American data, Indian scales are highly inter-correlated, with personal attitudes aligned to student perceptions of the social consequences of mathematics (e.g. usefulness, academic stream) and the attitudes of socially significant others ( parents).  

Significant gender differences appear on socially-embedded scales but not on scales measuring Fennema-Sherman "gender role incongruity" theory (male domain).  Indian girls do not seem to "fear" success nor do boys or girls think girls are ill-suited, psychologically or cognitively, for higher mathematics.  Correlations between Male Domain and other scales suggest a socially contextualized interpretation of "masculinity" that is amenable to change as contemporary conditions alter.  Mathematics is crucial for academic success and for pursuing many higher ranked options (schools, streams, academic fields), even non-math oriented ones.  But in the Indian context, mathematics is socially inappropriate for some girls because of its linkages to socially inappropriate (or irrelevant) academic fields, occupations, and future goals.  Mathematics is a means to a social end that is gendered.  These results indicate American cultural models of gender, personhood, and school-going embodied in the Fennema-Sherman tests are not shared by Indian students.  

Finally, I examine curious parallels between the Indian and American data and find patterns in the American data that are inconsistent with the Fennema-Sherman theory.  I suggest American student attitudes may be more socially-embedded in American cultural models of family and marriage than generally recognized.  

Chapter 7 integrates key findings and discusses their implications for theorizing about the scientific gender gap.  I contrast the Indian ethnographically derived theory with American and British theories.  I note that American theories have been subtly though deeply influenced by long-standing American cultural models of gender, of labor allocation decisions, and of school-going.  I argue that we must critically examine the premises and assumptions in our own models, especially the absence of social context and social goals in models of "individual" academic decision-making.  We need to look beyond contemporary American female math deficit theories if we are to understand either the Indian or the American gender gap in science and engineering.

�  The graphics for each chapter immediately follow the text of that chapter.  The appendices also follow relevant chapters.   All chapter references are at the end of the manuscript in "References Cited".


� NSF Award #9511725, including a supplemental REU [Research Experience for Undergraduates] award to Ms. Niko Watry.


� The literatures have become enormous.  Weisbard and Apple offer one fairly recent comprehensive bibliography (1993). 


� The acronyms vary.  Popular terms include: S&E, MSE (math, science & engineering) or SME; SMET (Science, Math, Engineering and Technology), SEM (Science, Engineering and Math), SMT (Science, Math, Technology).  For brevity, I will simply use "science" or SE here, to indicate my particular interest in the engineering aspect of the scientific gender gap.


� I have tracked NSF statistics since 1988..  For historical data here, I rely primarily on NSF's most recent report (NSF 2000: www.nsf.gov),  since some figures differ from earlier NSF reports or other U.S. agency data. 


� In 1996, women were 73% of all psychology bachelor degree recipients, 50.8% in social sciences, 59.2% in biology. (NSF 2000: Appendix table 2-6.).  The inclusion of such fields in "science and engineering" must also be taken into account when interpreting labor statistics.  Even so, in 1995, women were barely one-fifth (22 percent) of the science and engineering labor force, but close to half (46 percent) of the U.S. labor force.    (NSF 1998). 


� Most American discussions of the science gender gap ignore medicine and medical degrees are apparently not tracked by NSF graduate degree statistics:  Yet only in the past decade have American women entered medicine in significant numbers.  Between 1910 and 1970, women constituted less than 9 percent of all physicians although over 93 percent of all nurses.  By 1980, women still were only 14.3 percent of physicians (Seller 1989:531). [more recent?]


� Vetter's figures, in an American Association for the Advancement of Science report (1995), seem lower than what comparable NSF data would suggest, regardless of how she defined "natural science and engineering", which is not specified. 


� In the physical sciences, for example, female graduate students increased from 26% of all enrollments in 1993 to 28% in 1997 but their actual numbers declined.  But male numbers declined even more! (NSF 2000)


� In 1970, women received 12.9% of bachelor's degrees in computer science.  By 1981, that figured reached 32.5%, and peaked in 1984, at 37.2% (NSF 2000: Appendix table 2-6).  Both male and female computer science enrollments declined in the past decade. However, NSF 2000 reports, with alarm, that the degree drop was faster for women than men, especially among undergraduates.  At the graduate level, the drop was less among master's degree students, from 29% in 1984 to 27% in 1996, and female doctoral degree recipients increased from 12% to 15%. 


�In contrast, overall college degree persistent rates are greater for females than males (NSF 2000).  Adelman's study also analyzes  pre-college student career choices using the High School & Beyond/Sophomore Cohort (8,395 students).  Among these students, nearly 5 times as many males as female 12th grade students stated an intention to major in engineering: 22.8% vs. 5.4% females (Adelman 1998:2).


� Significantly, women are only slightly under-represented in mathematics.  Women have earned 46-47% of bachelor's degrees awarded since 1985.  Even in 1966, 33.3% of math degrees were awarded to women.  Women also constitute a significant proportion of math graduate students, 35.1% in 1997 (NSF 2000: text table 3-2).  These figures never cease to astonish my American colleagues and friends.


� School and workplace researchers do not seem to interact, perhaps reflecting an academic division of labor between "work", "school", and, I might add, "home" spheres.


�  Foreign students, many from South and East Asia, are a significant segment of engineering and science graduate students, as high as 50 percent depending on the year and field (Vetter 1995).  Vetter says the gender gap is greater among international than U.S. engineering students.  NSF 2000 data includes only citizens and permanent residents.  But among ethnic groups, the gender gap in physical sciences and engineering appears to be significantly greater among Euro-Americans ("white") than other ethnic groups --"Asians", "Black", "Hispanic" (cf. NSF 2000:text table 2-4). 


� A recent National Research Council conference on the under-representation of women scientists and engineers in American industry did suggest, on the basis of anecdotal reports, that cultural differences existed and could profoundly affect women's career paths (NRC 1994: 28).  An Hispanic scientist, for example,  reported that families valued sons education more than daughters because men were supposed to be the "breadwinners" (27).  On the other hand, a Native American engineer, described being taught she should support the family and attributed this to being from a matrilineal culture. 


� My introduction to cognitive anthropology, decision-modeling, ethnolinguistics and extentionist semantics  (cf. Kronenfeld 1996) came during graduate school.  David Kronenfeld's research, writing, and classes exposed us to path-breaking work by prominent cognitive anthropologists.  This experience profoundly influenced my own work.


� Strauss and Quinn view cultural models as a type of "cultural schema" and define cultural schemas as "... schemas that have come to be shared among people who have had similar socially mediated experiences."(1997:48).


� Cultural models research participates in a more fundamental theoretical debate in anthropology about "culture", its relationship to the individual, to mind, to human agency and motivation (cf. Schwartz, White, and Lutz 1992, Introduction; and more recently, Garro 2000). 


�  See D'Andrade 1995 for a useful review of the field of cognitive anthropology.  See also Kronenfeld 1996, especially chapter 2, for a linguist's perspective on cultural models theory and its relationship to linguistic theory.


� In earlier research on household task allocation processes, I saw informants creatively employ cultural models to mask culturally inappropriate intentions or to lie in culturally appropriate terms (Mukhopadhyay 1980).


� Some of us were academically "raised" on this very expectation.  My own primary goal was to understand actual behavior, gendered activities, and I was naive enough to expect a simple relationship between what people thought, said, intended by what they said, said they did, and what I (or others) observed (or thought they observed them do...in different social contexts!  See Mukhopadhyay 1980 for a discussion of problematic issues I encountered.  At the time I attributed these problems to my deficiencies as a fieldworker and analyst!


� Such studies were used, for example, to question "normative" economists model of "rational" choice, of other "optimization" models, as well as psychological theories of measuring "intelligence". 


� One could argue that some goals have narrowed, namely subtracting understanding/predicting what people do (non-verbally) from the culture-cognition-what people say equation.  


� The development (and semi-demise) of ethnographic decision modeling among is omitted from D'Andrade's 1995 review of cognitive anthropology.  Yet this methodology is "alive and well" in standard anthropological and non-anthropological social research methods book (cf. Miles and Huberman 1994). 


� Academic decision making in India meet all these criteria.  It is a constant and highly significant subject of discussion, information-sharing, and strategizing, among and between extended families, especially in the urban middle-class.  


� Whether such models reflect actual cognitive processes is more problematic; yet there is no need to make such a claim.  One can simply aim for cultural plausibility without, in the words of Garro (2000) having to strive for  "cognitive realism" (p. 297). 


�  A Fulbright CIES Indo-American Research Fellowship, an American Institute of Indian Studies fellowship, and a sabbatical leave from California State University, Chico provided partial support for 1988 & 1989 fieldwork in India.


� In India, college level engineering and computer science can yield either "Technology" or "Engineering" degrees.  At Indian Institute of Technology, one receives a "B.Tech" degree (or at the master's level, an M.Tech) degree, with a branch specialization, such as in electrical engineering and computer science.  I will use "engineering" here, as do government statistics, as including both degrees and computer science.


� Like many other Indian cities, Madras has recently changed its name and is now Chennai.


� Some employers use these reasons to refuse to hire women, further discouraging girls and their families from pursuing degrees in such fields.


� I have termed this process "educational hypergamy" and it bears some interesting resemblances to caste or jati hypergamy, including the "problem" of finding spouses for high-caste Brahmin girls (Alan Beals, personal communication). Here, the problem is finding a "suitable" husband for girls at the top of the educational hierarchy!


� California State University undergraduate and master's level graduate students in anthropology or the social sciences/education at Chico and San Jose campuses assisted with all stages of data processing.  Although few students had research or computer-related experience, they were terrific learners; this voluminous and complex data processing task would have been impossible without them.  I have listed key students by name in the "acknowledgments" section of this report.  Small grants through the San Jose State University Foundation and the College of Behavioral and Social Sciences made it possible to hire and train student assistants and to purchase a "dedicated" computer and computer supplies for this phase of the project


�  Pragmatically, I had "expert consultants" in Bangalore, Delhi, and Madras with contacts in local schools.  They also referred me to graduate students ("research fellows") who could serve as research assistants  in India (see acknowledgements).  Dr. Esther Ramani and (now) Dr. V. Suchitra Mouly in Bangalore, Dr. Kumari from NCERT in Delhi, and Dr. Rao in Madras provided crucial help on the project.


� The Indian educational system, and array of school and subject alternatives, is extremely complex.  I spent innumerable hours with "expert consultants" and informants trying to discern general patterns amidst a multitude of local permutations.


� The "Hindi" issue is complex and controversial, especially in southern states, whose languages (e.g. Tamil, Kannada) are not even part of the same Indo-European language family as Hindi and other Sanskrit-based North Indian languages.  


� Given my limited budget and the complexities of this project, especially in the Indian setting, I was fortunate to obtain this diverse and large sample.  Yet, sampling can affect gender comparisons, as we will see later.  The addition of Hyderabad schools was fortuitous—a key IIT, Madras informant had contacts at these schools, and volunteered to administer the questionnaires. The Hyderabad sample includes a KV and a rather educationally elite and progressive  private school but no municipal school. The Madras and Hyderabad sample somewhat balance the Bangalore sample.


� I piloted an early version of the SAQ and Fennema-Sherman Math Attitudes Questionnaire at an IIT, Madras secondary school.


� A few SAQ students said they were in vocational streams even though school officials said all streams were "academic"; perhaps they were so few that they were simply folded into the academic stream.


� Our sampling goals were fairly well approximated.  Not all schools offered sections in all three streams; and, when all streams were available, we were not always able to obtain cooperation of teachers in all streams, nor in desired sections.


� This enabled me to identify problem areas , make slight modifications on subsequent SAQ versions, both which were incorporated into the training of the three primary research assistants hired for the project. 


�  The SAQ was the first priority for all grade levels.  For 9th and 11th grades, Math Attitude and then Image of Science were highest priority.  For 6th graders,  the priority was on the Science questionnaires, first the Image of Science questionnaire, than either additional Science questionnaire.  Questionnaire sample sizes in Table 1.1 reflect these general priorities.  To facilitate correlation of individual responses on different questionnaires, a unique code—the student's school registration number ('roll number") was entered onto each questionnaire.  With the addition of a school code, this generates a unique " identifier code" for each student in the sample. 


� A third research assistant, a superb Indo-American anthropology graduate student, Pamela Rao, supervised collection of Madras and Hyderabad data.  She also helped administer questionnaires at the  Delhi schools


� These Data Entry forms resemble the original questionnaire, with places for entering individual student responses, facilitating data entry by student research assistants.  New coding categories and coding instructions can also be embedded into the screen.  Variable definitions can specify acceptable values on variables, thus reducing data entry error.  And "skip and fill" provisions were written to facilitate series of conditional statements, such as those in the decision process segment. Thus, a particular response on a question causes the data entry screen to move forward to the next relevant question, skipping and appropriately filling in irrelevant questions.


� I had the superb assistance of Kelly Winter, a graduate student in Education, now a secondary school teacher, Mimi Bourne, and Shannon Brooks.  Where possible, we used the same variable names and definitions  for comparable data on the 6th, 9th, and 11th grade DE forms so we could merge files and obtain aggregate statistics.


� SAQ data was entered by San Jose State students enrolled in 2 department supported research "practicums" offered in conjunction with the  RUI (Research in Undergraduate Institutions) component of the NSF grant.  Detailed, lengthy, tutorials were created, partially because most students were relatively unfamiliar with computers, formal, quantitative or computer-assisted research methodology, and associated software packages, such as SPSS. In addition, using open-ended questions rather than researcher-created categories, while theoretically sound, enormously complicated the data entry process and required time-consuming and detailed coding instructions  and difficult coding decisions. In retrospect, more  forced-choice questions,  especially on occupational data, would have been preferable. The methodological and coding  modules are available on request and include general data entry and SPSS oriented tutorials as well as tutorials more specific to the SAQ data.


� SPSS allows a substantial amount of text to be entered as string variables.


� These versions included minor variations in the Hindi and Kannada versions, slight modifications to the original SAQ questionnaire, and inadvertent "errors" that resulted when questionnaires were retyped, reproduced, or collated in India.


� Mimi Bourne, a Chico State graduate student, was an invaluable resource here and elsewhere.  Identifying the alternative "versions" was a very tedious and lengthy process because of the number of different schools and Indian research assistants involved in this process.  The original questionnaire was reproduced several times, each producing minor but cumulative errors. For example, a full page was left off a questionnaire and one11th grade section received a 9th grade SAQ.  This 11th grade section was excluded from the present analysis.  A lengthy, detailed description of this entire SAQ administration and processing phase is available on request.  I now appreciate the time and effort it takes to produce "mere survey data"!  At least from abroad. 


�  Creating separate section files, while useful for student assistants or seminars, or for providing information on the "context surrounding the administration of that questionnaire", also creates "reconciliation" issues when aggregating them into larger files.  The carefulness appropriate to small samples may not make sense with large data sets. 


� One 11th grade Bangalore girls section was given the 9th rather than 11th grade SAQ form.  Thus the total here is 1599 rather than 1649 The overlapping data (pages 1-3) is recoverable but the crucial science choice questions differ. This section is also omitted from other analyses of the SAQ data in chapters 2-4.  These students are included for other questionnaires. 


� The enormously rich body of ethnographic data from phase 1 is omitted from this report even though it was the basis for the theory being tested.  Glimpses of that data can be found in Mukhopadhyay (1994).  Hopefully, completion of this phase will allow me to further analyze and publish that data.
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