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Chapter 2: Formalizing and Testing A Simplified, Constraint-Oriented Theory of the Indian Science Gender Gap

Chapter 2 evaluates the ethnographically derived theory of the Indian science gender gap using ethnographic decision-modeling testing procedures with pre-college data from the questionnaire portion of the Student Academic Decision Questionnaire (SAQ).  As noted in chapter 1, a segment of the 9th and 11th grade questionnaires elicits information on current and projected science-related academic decisions, including choice criteria.  The 11th grade version has the most detailed science-related academic choice questions and covers the sequence of decisions leading students to "try for" a seat at the most prestigious engineering institutions, the IITs.

In this chapter, I first present simplified but theoretically grounded general and gender-specific models of the academic decision process.   Next, for 11th and then 9th grade samples,  I translate the "general"  model into explicit grade-specific flow charts, link these to SAQ relevant data, and specify the paths leading to the selection of key science-related outcomes.  I compare predicted and actual student outcomes, by gender, at major choice points.  In a more rigorous test, I create "filtered" samples of students meeting hypothesized constraint conditions and compare outcomes predicted by the model with student choices.  Finally, I use additional SAQ data to examine "error" cases and  compare science-choosers and non-choosers, by gender.  

The terms "choice" and "decision" and "students choosing" in the chapters that follow should not be interpreted as implying that academic decisions are "individual" decisions, that students have the right or responsibility to make their "own" choices. 
  My  theoretical model, derived from participation-observation and detailed interview data, assumes that academic decisions are family decisions, discussed openly and often throughout a student's academic career,  among a fairly wide range of extended family members, and with varying degrees of input by the individual student.
  My focus here, however, is on the outcomes of such decisions, and how well the theoretical model can account for the different paths students pursue.
  

Formalizing the Model: A Simple, Constraint-Oriented Model of the Academic Decision Process

To formalize the ethnographically derived theory, I first constructed a simplified and generalized but theoretically grounded model of key elements in the science-related academic decision process, identifying significant decision points,  alternatives at each choice stage, and decision criteria used to select between academic alternatives.  I next created gender-specific, simple, constraint-focused models of this process and hypothesized preference orderings among academic alternatives at each major decision point. 
Figure 2.1
 summarizes the general academic decision process, focusing on significant science-related decisions that confront students and their families.  The model covers two types of recurring academic choices:  1) whether to continue in school  and 2) the choice of field.  All-India educational statistics show significant student attrition beginning in upper elementary school, at grades five or six, and continuing thereafter.  Remaining in school is thus a significant decision for many pre-college students.  For urban students in this study, the model depicts five major continuation decisions.  The first two deal with what is called  "lower" secondary school, the schooling which ends at 10th grade (10th "standard"), culminating in "matriculation" and the receipt of a Secondary School Leaving Certificate ("SSLC").  Students, in the model,  must decide whether to continue to (lower) "Secondary School", and to "matriculation".
 

The next continuation point is "higher secondary" (11th & 12th "standard"), sometimes called "PUC" (pre-University Curriculum) or the courses leading to an  "Intermediate" degree (e.g. "Intermediate Arts").  At the time of this study, many "colleges" followed a five year curriculum (often called "2+3").   The first two years approximate our 11th and 12th grades, with the subsequent three years leading to a bachelor's degree, usually in Arts, Science, or Commerce.  One exception to the three year college degree is the four year engineering ["B.Tech"] program at the Indian Institutes of Technology.   Recent years have witnessed a national discussion and gradual reorganization and restructuring of the secondary and post-secondary educational system, including a move towards twelve years at the pre-college level (vs. 11 years in the past) and a four year college degree in technical fields.
The remaining two continuation decisions address the college level, beginning with whether to continue to college, regardless of type of degree program (three or four years).  Once one obtains a college degree (a "graduate" degree),  one can pursue additional bachelor's degrees, such as  a Bachelor of Teaching or a Bachelor of Technology (after a Bachelor of Science degree).  Or, one can "go for" one or more "postgraduate" degrees at the master's or doctorate level.

Figure 2.1 also summarizes key decision points and sets of alternatives relevant to pursuing a science-oriented academic field.  Students must, in theory, select between academic and vocational "courses" [or "streams"] prior to the 9th grade and prior to entering higher secondary school.  Vocational paths, according to expert consultants, are rarely selected, despite government efforts to encourage this alternative.  One reason is the prestige and occupational opportunities that families and students associate with college degrees, despite the overproduction and unemployment of degree holders.  A vocational (or non-academic) path virtually precludes one from immediately continuing to a college and thus, pursuing jobs with "scope", most which require college degrees, often in science.

For college bound students, the most significant decisions occur at the higher secondary level when one must select between alternative academic "streams", usually between science, commerce and arts.  Enrollment in a non-science stream at the higher secondary level can preclude a student from pursuing science at the college level, although science stream students are not similarly constrained. 

Students must also decide which "subjects" to take within their stream.
.  For those in science, the choice of "subjects" can affect future degree pursuits.  The standard "science" subjects are physics, chemistry, biology, and mathematics ["maths"], although other subjects like "computers", or "technical drawing" may be included in offerings.  Students commonly refer to basic subjects by the letters, P, C, M, and B.  According to informants, all science students take physics and chemistry, plus a third subject, either biology or mathematics.  The Biology/Maths choice often parallels a student's future career plans, with Maths preferred by those "going for" engineering and biology for those pursuing medicine ("MBBS").  Medicine and Engineering are considered "applied science" degrees which informants contrast with "pure science" degrees, such as a  "physics BSc".  As competition for "seats" in engineering and medicine grew in the late 80s, some schools started offering an "option" of all four subjects (PCMB), enabling students to "try for" college level "seat" in both medicine and engineering/technology, increasing their chances of "getting" at least one.

Figure 2.1  includes decision points specific to engineering students.  My ethnographic study focused on tracing the route leading to engineering degrees at prestigious institutions like the Indian Institutes of Technology (IITs).  As noted earlier, Indian girls are far more under-represented in engineering then in either mathematics or the physical sciences; and within engineering, more so at IITs than at regional and state engineering institutions (Mukhopadhyay 1994; Mukhopadhyay, unpublished data).  

India has different types of engineering colleges, the most prestigious being the Indian Institutes of Technology or IITs
.  Attending IIT, however, requires taking and scoring high on the Joint Entrance Examination (JEE), hence the decision about how to prepare for the JEE.  Students often get "coaching" by taking one or more "tutorials", commercially-run classes preparing students for the JEE and other highly competitive exams (e.g. Brilliant "tutorials").  According to key informants, this is virtually "essential" if one is to be competitive on the JEE exam.  Yet female students said tutorials are expensive and many families considered them "too expensive", especially for girls.  Families were also reluctant to allow girls to travel "across" town, to "go in late afternoon or evening", to the sites of the tutorials.  Social inappropriateness rather than physical dangers were the issues.  Thus girls "tutorial" decisions involved considerations beyond those for boys, including a different standard for "too expensive" and added "social" danger issues.  

Should students "pass" the JEE, that is, obtain a score sufficient for admission, they must decide on a field or "branch" of  engineering  (e.g. electrical/computer, mechanical, civil) and an IIT campus (e.g. Madras, Kanpur, etc.).  This is an extraordinarily complex process, with available options dependent on one's rank on the JEE and the popularity of different engineering "branches" and IIT campuses.
  Campus and branch "ranks" seem closely related to occupational opportunities, including study abroad, in engineering fields and for degree holders from particular campuses. 

Informants describe numerous related educational decisions, many occurring at an early age and having long term impacts on a students academic competitiveness.  Choice of schools is very important, including whether English medium or local language, and whether municipal, Kendriya Vidyalayas (KVs), or private schools.  The type of "curriculum" followed by the school [e.g. central government] can affect students grades ("marks") and how rigorous an education they get in crucial subjects, such as science.  Decisions about which, if any, extra-curricular activities to pursue, such as "tutorials", also are relevant.  The formalized model, however, deals only with the continuation and field choice decisions.

Figures 2.2 and 2.3 present simplified gender-differentiated models of hypothesized goals, decision criteria and preferences among alternative options.
  I assume family educational strategies for daughters are guided by somewhat different considerations than for sons, although for both sexes, economic affordability and academic prerequisites constitute significant constraints on educational choices.  Economic constraints  (is it "affordable", including the loss of a wage-earner) affect whether students can continue in school and in what type of schools and streams.  Academic constraints are the prerequisites for pursuing alternative science and engineering streams, subjects, and  branches at alternative educational institutions.  These include: prior course sequences (correct "stream"),  specific subjects (e.g. PCM), and adequate "marks" or scores on final examinations in each subject.
  

Figure 2.2, the boys model, assumes the decision process is guided by a desire to maximize occupational opportunities, subject to economic and academic constraints.  Given the Indian occupational structure and academic hierarchy at the time of this study, the model predicts that if boys have the economic means and the academic prerequisites, they will pursue the highest ranked applied science degrees and branches at the highest ranked applied science institutions.  This leads to the preference orderings for each major decision point shown in Figure 2.2.  Boys will select academic over vocational stream and within the academic stream, science over commerce and commerce over arts.  Within the science stream, they will select subjects that offer greater rather than fewer applied science college degree (and career) options, hence, physics, chemistry, biology and math (PCMB) over more restricted career alternatives.  Among college degrees they will select science over non-science degrees (and commerce over arts); within the sciences they will choose applied over "pure" science (B.Sc), and among the applied sciences, engineering over medicine (MBBS).  IIT will be preferred to other engineering colleges and, within the options available to them (determined by score on JEE), boys will select the highest ranked "branch" of engineering at the highest ranked IIT campus.   In 1989, according to most of my informants, that would have been computer science/electrical engineering at Kanpur IIT.

Figure 2.3, the girls model, shows girls families as primarily guided by obligations to see their daughters (nieces, etc.) are "well-settled" and into a "good marriage".
  Girls education can have positive and negative patrifocality-related "marriageability" impacts and achieving a balance is viewed here as an additional "social" constraint on girls choices.
  As with boys, economic and academic constraints take precedence over other considerations.  However, the family investment required (including time, effort, money, opportunity costs) is weighed more heavily for girls than for boys.  What may be "affordable" for a boy may not be considered "affordable" for a girl, particularly if a family cannot cover the costs for both sons and daughters. 

Even these simplified models require more complex "trade-offs" for girls than boys.  Nevertheless, I construct female preference orderings at each key choice point.  Except for ranking Academic over Vocational Stream,
 the model predicts that girls preference orderings will be the opposite of boys.  Preferred options will be lower-ranked, less occupationally lucrative, competitive, male-dominated, socially risky, and lower investment options.  The simplified model predicts that even when economic and academic constraints are passed,  girls will select non-science over science streams and college degrees; and among non-sciences, arts over commerce streams and degrees. For those in science, pure science will take precedence over applied sciences. Within applied sciences, medicine will be preferred to engineering and thus, biology subjects will be selected over math. 

Should any girls select engineering, the preference will be for non-IIT over IIT campuses, unless an IIT campus is nearby.  In addition, if a girl passes the JEE and has to choose between IIT branches and campus, the same considerations will guide and constrain choices.  Instead of simply going for the highest ranked campuses and branches, constrained by one's JEE score-based rank, campus proximity and the social acceptability of the branch will be additional considerations for girls.  At the time of this study, according to my IIT Madras informants,  girls, like boys, ranked "electrical engineering/computer science" first.  But mechanical engineering, ranked highly by boys because of its lucrative job opportunities, was for girls quite low, because of employer discrimination and socially unacceptable working conditions.
  Similar considerations guide girls' "choice" of campuses.  IIT Kanpur, ranked first by boys for EE/CS, was described as socially unacceptable to many girls families because it is so "rowdy" and "dangerous", and so far away  from the more "conservative" and "safe" "South" part of India.  Not surprisingly, virtually all my IIT Madras female informants were from Madras or other nearby southern Indian locales.

The two decision models, then, are over-simplified in terms of goals and the definition and assessment of  "constraints".  Not all families or students have the same primary goals, even when economic circumstances and academic standings are similar.  And constraints play a more deterministic role in these models than they do in real life.  This is why I have termed these "constraint-oriented" models.  Preferences among options are unlikely to be as clear-cut and uniform as they are in these models.  We will see this shortly, when we examine actual student outcomes data.  Nevertheless, the models incorporate the basic macrostructural and microstructural conditions hypothesized to differentially influence the entry of male and female students into science and engineering.  As such, these models allow for a simple test using student SAQ data.

Testing the Model "Directly"

To test the constraint-oriented model, I tried to approximate the approach of Gladwin and other ethnographic decision modelers.  Most studies have been in small, face-to-face communities and settings (but see Gladwin, H. 1984).  Constructing and testing the decision-model generally takes place in the same or a similar community, sometimes using the original informants.  Typically the ethnographer (or, less frequently, an assistant) carries out the test, obtaining information on hypothesized decision criteria and outcomes, usually orally, from a small set of adult informants. Individual cases are "run through" the model and the choice predicted by the model compared to the each person's actual or projected choice.  "Test" results are summed and the "goodness of fit" of the model evaluated by comparing correct vs. incorrectly predicted final outcomes for the entire test sample.  Sample sizes are typically small, partially because communities are small, homogenous, tests are labor intensive, and the focus is on identifying culturally shared processes which generate diverse choices.

The social and cultural context of the Indian study is quite different, requiring modifications in the testing procedures.  The test vehicle, the pre-college questionnaire (the "SAQ") was developed partially in response to the enormous size and cultural complexity of India.  My key informants in the ethnographic phase were educated elites, mainly in engineering and science, who have both the economic and academic means and a preference for science-related options.  The SAQ sample, in contrast, taps that larger and less elite population of Indian students who end up on other non-science academic paths or leave school all together.  It is also a younger age group, pre-college 6th, 9th and 11th graders.  Unlike the original ethnographic study, carried out in the south, on a residential campus, the SAQ samples a broad spectrum of urban Indian students, regionally, linguistically, and socio-economically.

These multiple goals guided the SAQ phase: the use of a rather lengthy, written questionnaire,  administered collectively to entire classes of pre-college classroom students at multiple school sites, using research assistants and classroom teachers.  The text context and goals, in turn, affected the design of the actual questionnaire, and the kinds of questions  and information available for "direct tests" of the decision model.

Conventional testing formats were modified to facilitate limited tests of the simplified constraint-oriented model.  The "direct test" questions focus on whether students follow the hypothesized preferred high prestige/scope science-related paths, if they have the hypothesized  prerequisites to pursue such paths.  The SAQ explicitly asks students about crucial actual or projected future choices, relevant academic prerequisites and grades ("marks").
  More complex socioeconomic and cultural considerations are elicited through open-ended questions at each relevant choice point.
  Students are sometimes simply asked to provide reasons for their choices, especially non-science alternatives.
  

The hypothesized model assumes a "siphoning off" process whereby earlier decisions affect [and preclude] pursuing certain alternatives at subsequent academic stages.  This reduces the potential science and engineering pool at every academic decision point.  To tap this hypothesized process, without unnecessarily lengthening the questionnaire, I constructed conditional "if...then" questions, sometimes specifying hypothesized constraints.  Conditional questions were also used for future choices, asking students to select among alternative scenarios given constraint conditions  (e.g If you have the marks, will you try for...).  For 11th grade science stream students, the question series leads to pursuing an IIT degree.
  

Modified Direct Tests of the Model using the 11th Grade SAQ Sample

The 11th grade SAQ sample provides data on actual science-related choices (current streams and subjects) as well as future science-related choices.  For this analysis, it consists of 897 students, 588 females  (65.6%) and 309 males  (34.4%).
  Students in this sample reflect the cross-section of schools, school-types, languages, cities, religions, and languages previously in the SAQ data base.  The ten schools represent all three school types (private: 35.2%, KVs 42.0%; municipal schools 22.7%) and include two all girls schools, one all boys school, and seven coeducational schools. Students come from the three high school academic streams: science (41.9%), commerce (24.9%) and arts (33.2%), representing 11 science, eight arts and six commerce sections. 

Girls outnumber boys in the sample, partially because we lack comparable male matches for the Bangalore girls municipal and private schools.  Fifty-six percent (55.95%) of girls in the sample come from same-sex schools compared to 14.9% of boys.  Numbers of girls and boys from the coeducational schools (259 girls vs. 263 boys) are similar, however, 58.2% of the total 11th grade sample.
  

The Bangalore surplus of all-girls sections (equally Arts and Science) affects total numbers but not the overall distribution of students by sex in the academic streams and should not affect comparisons among girls.  It does affect the relative numbers of males and females in each stream.  Tables 2.1 and 2.2 show the distribution of students by sex and stream in the 11th grade sample.  These figures partially reflect different proportions of males and females in the coeducational school streams.  But they also reflect the predominance of science sections, generally, and the additional Bangalore all-girls schools.
 

The boys and girls samples, then, are not strictly comparable; although this is not necessary for the testing procedures here.  I examine the distribution of choices within each gender group, and then compare these proportions across sex.  Among boys, the primary impact of fewer all-boys sections is to further reduce the small boys Arts students sample.  But lack of an arts section at the boys municipal school in the sample is consistent with the predicted low male demand for arts. 
Testing for  the Predicted Hierarchy of Outcomes

The first test of the model is whether the hierarchy of student choices is consistent with the model's predictions.  I examine each crucial science-related choice point, beginning with the decision to continue to higher secondary school.  Total sample data are first presented and then data for girls and boys separately.  The model predicts different preference orderings, and more siphoning-off of female than male students from science options. 

Figure 2.4 depicts, in the form of a flow chart, key choice points and alternative options.  Decision points are represented by conventional symbols and are briefly described in the text to the left of the decision box.  For each decision box, a set of arrows leads to the alternatives available ("outcomes"), shown as rectangular boxes. The academic choice process depicted in Figure 2.4 begins with the decision to continue to higher secondary school and ends with the decision to go for engineering, with additional decisions to "try for" admission to Indian Institute of Technology (IIT) and take coaching for the IIT entrance exam (JEE).  It excludes "engineering branch" and "IIT campus" decisions.  Only constraint conditions based on prior choices (e.g. academic prerequisites) are depicted in the flow diagrams.

As noted previously, the model is a simplified representation of a complex process.  It  hypothesizes that male students will pursue the highest ranked science-related alternatives at each decision point unless constrained by economic or academic factors.  It hypothesizes that although economics and academics also constrain girls choices, additional considerations related to the Indian patrifocal family system enter into girls choice process.  This produces a different ranking of alternatives for girls.  Because of the social dangers and greater family investment associated with the pursuit of science, the simplified girls model depicts science-alternatives as the less rather than the more preferred alternatives at each choice point.

Clearly not all families share the same decision criteria nor the same rankings of subjects, for either boys or girls.  My ethnographic data indicate that for some families the science-oriented academic preferences in the boys model are similar for girls.  My expectation is not that this simplified model will account for all the data or even a high percentage of cases.  Rather, the primary goal here is to see if, for the sample of girls and the sample of boys, the ordering of outcomes selected is consistent with the hypothesized model.
Figure 2.4 presents outcomes data for the entire 11th grade SAQ sample, regardless of sex.  The number of students who responded to each question is shown below the brief description of each major choice point (see left side of Figure 2.4).  Figures by each rectangular outcome box represent the percentage of the total responding sample who selected that alternative outcome, for that decision point.

Total sample data illustrate the gradual attrition of students from the IIT engineering path, accelerating at college degree choice.  Although there are 897 students in the original sample, only 114 students end up going for an engineering degree.  All, by virtue of being 11th grade students, have continued to higher secondary, and as predicted, the academic stream is strongly preferred to the vocational stream.
  Over 88 percent of the students plan to continue to college.  These figures, along with other SAQ data,  indicate the 11th grade pre-college sample is highly skewed towards  middle and upper middle class education-oriented families who possess the economic means for their children to continue in school.  This is consistent with other research suggesting that  educational attrition is greatest before rather than after higher secondary school. 

Figure 2.4 shows that for the sample as a whole, student preferences at each choice point generally match predictions.  Science degrees are the most popular choice, followed by Commerce and then Arts.
  Applied science subjects are selected over non-applied science at both high school and college levels.  Over 68 percent of high school science stream students choose the applied science job oriented CPMB stream and another seven percent are enrolled in an equally applied-oriented  CPM+ Computers stream.  Nearly 80% of students pursuing a college science degree select the applied science options (B.Tech/Engineering and MBBS/medicine).  

One exception is engineering, which for the total 11th grade sample, is not more popular than medicine.  On the other hand, those going for engineering overwhelmingly plan to try for IIT and take coaching for the entrance examination (JEE).  

Figure 2.5 disaggregates these data by gender, comparing the options selected by girls and boys.  At each decision node, for each alternative, the  upper numbers (in bold and/or colored blue) represent the percentage of all girls selecting a particular option at each decision point.  Similarly, the lower set of numbers, in red/not-bold,  show the percentage of all boys who selected that option.  Missing values (i.e. non-responding students)  have been excluded from these calculations.

Data generally support the gender-differentiated model although there are some unexpected results.  As predicted, a slightly higher percentage of boys than girls are in the vocational (vs. academic) stream.  And there are statistically significant and predicted gender differences in academic streams. [exclusive of diffs in boy & girls samples.] Science is selected by over 51.5% of boys; only 28.2% select commerce, 20.3% art.  Among girls, art is the most popular choice: 40 percent of the female sample.  Yet, nearly 37% are in science sections.  Only 23.1% are in commerce.
 

Boys high school science subjects preferences follow the model, with nearly 70 percent selecting the CPMB option.  But girls are nearly as likely to select this option (68.6%).  The biggest gender difference is the proportion of girls selecting the Math, but not Biology option (CPM) --only 8.1% of girls vs. 21.6% of boys.  But virtually all students selecting "Other" are girls in a Chemistry, Physics, Math and Computer Science option—essentially CPM choosers.  Thus, both girls and boys seem to have similar subject preferences. 

A slightly higher percentage of girls than boys expect to continue to college and almost twice as many boys as girls don't plan to go for a college degree.  These results are statistically significant at a .04 level.   Girls who reach the 11th grade may be even more likely to continue than boys because they come from wealthier families and because there are fewer "respectable" jobs for non-colleged females.
Significant gender differences also emerge for college level choices.  Boys predictably select science over non-science, and commerce over arts.  Less than one percent of boys in the sample select arts degrees.
  Within the sciences, they overwhelmingly select applied over pure science degrees (50.7% to 7.5%).  As predicted, they prefer engineering over medicine.  And over 75% of boys say they will try for IIT and take coaching.

Girls choices show a more mixed pattern.  As expected, they are more apt to select non-science than science degrees in college, 51.7% to 46.5%, and far more than their male counterparts.  Strikingly, over 20 percent of girls select an arts degree (vs. 1% of boys).  On the other hand, similar percentages of girls and boys select commerce degrees.  And the most popular degree for girls in this sample is a science degree, 46.5% of those responding.
  Overall, degree preferences among girls unexpectedly resemble the boys model: science, then commerce, and arts last.

Within the sciences, girls choices again show mixed support for the model.  The percentage of girls pursuing pure science (12.8%) is nearly twice that of boys (7.5%) and among those pursuing applied science degrees, medicine is clearly preferred to engineering.  But 33.7% of girls responding plan to pursue applied science degrees, nearly three times those in pure science.  Nearly the same percentage of girls select engineering as pure science (12.5% vs. 12.8%).  And a majority of girls plan to try for IIT and take coaching for the qualifying exam (the  JEE).  Once again,  girls preferences resemble the male model, although not as strongly as the boys data.

Overall, the constraint and science-oriented "male" decision model does a good job of predicting boys choices.  And as expected, the girl's model is less effective at predicting girls choices.  Yet girls preferences increasingly resemble boys, consistent with other data on rising perceived benefits of girls education.  Girls, like boys, are pursuing higher ranked fields, especially science, although preferably (if not exclusively) in relatively socially safe alternatives like medicine and pure science.  Unlike boys, however, a substantial portion of girls still prefer an arts degree. 

Direct Tests of the Model Using Filtered Samples

A more rigorous test of the simplified constraint-oriented model was devised, one that approximates conventional "direct tests" of decision models (Bernard 1988).  The data just examined represents aggregated student "outcomes" at various decision points, based on responses to SAQ choice questions.  It does not tell us whether individual students have met hypothesized constraint conditions.
  We can go farther and ask, do students passing hypothesized constraints choose as predicted, that is, the higher-status science options?  Do students not passing select predicted options?  To what extent do constraints, by themselves, predict student choices? i.e. just how "constraining" are they?  And finally, does the basic constraint-oriented model (the male model) do a better job of predicting boys than girls choices.  To answer these questions, we need information on constraint conditions for individual students. 

To "test" the constraint aspects, one can take an "indirect" approach, examining indicators of particular constraints, such as comparing science grades or family incomes of science-choosers and non-choosers, predicting grades (or family incomes) of science-choosers will be higher than non-choosers.  These methods are used later in this chapter and in chapter 3.  

This section employs more "direct", individualized, testing procedures, using explicit constraint-related SAQ questions designed for this purpose.  I use responses on these questions to "run" individual students through hypothesized constraints on pursuing preferred academic alternatives.  Having done that, I compare outcomes selected by students to those predicted by the model. 

Four science-related outcomes are examined: going to IIT; going for a college engineering degree; pursuing any college science degree; and selecting the pre-college 11th grade science stream.  For each decision, I created a "filtered" sample consisting of individuals meeting the hypothesized pre-conditions for pursuing that option.  Outcomes selected by students in the filtered sample were then compared to those predicted by the model.  Error cases, that is outcomes which deviate from expectations, were also examined.  Special attention was given to those not choosing science ("non-science-choosers"), especially those having the academic prerequisites for science.

Table 2.3 shows the decision table used to test the simplified, "general" [boys] constraint-based science decision model.
  It consists of a set of "constraints", a set of "outcomes" on four decisions, and a set of ten different paths to these outcomes.  The "Constraints" specify the conditions relevant to the four decisions.  There are two possibilities listed for each constraint: Y=yes, it has been passed or N=no, it has not been passed.  According to the model, not passing the constraint ("N") eliminates the individual from pursuing subsequent higher ranked outcomes; passing the constraint ("Y") allows the individual to continue on the science path, towards the "ultimate" outcome, "trying for IIT" with the help of a JEE tutorial/coaching.  

The "Outcomes" section shows the alternatives for each of the four decisions: college science, engineering, IIT, and JEE.  Two possible outcomes are specified for each decision: going or not going for the preferred option.  An "X" indicates the outcome predicted by the model, that is when the conditions in that column (or path) are met.  Each path represents a different combination of constraint conditions and each is associated with a particular outcome on at least one of the decisions.

The decisions in the "Outcomes" section are hierarchically linked.  Those going for JEE tutorials and for IIT are also going for engineering and science degrees and are subsets of the filtered science stream pool.  The reverse is not true.  According to the model, the IIT and engineering filtered samples must have satisfied more conditions than those simply going for a college science degree. 

The academic constraints in Table 2.4 are those for which SAQ data is available: prerequisite streams and course of study, prerequisite subjects and grades or "marks" at various academic stages. I have made the simplifying assumption that economic constraints for pursuing any college science degree have been met if students say they plan to continue in school and go for a college degree.  This is consistent with SAQ student income data.  Additional data on economic constraints come from open-ended questions which ask students to provide reasons for their choices.
 

The patrifocality-related considerations hypothesized to additionally affect girls' choices cannot be addressed as easily or directly.  Indirect measures are available and are used in chapter 3.
  For present purposes, the test of the girls model is whether the constraint-based model does a better job of predicting boys than girls outcomes. 

The "Go for IIT"  Decision using a Filtered Sample  [see spss-files "go-iit" etc.]
The first decision tested is whether "to try for" an engineering degree at the Indian Institutes of Technology (IIT).  The ethnographic model assume an IIT "B.Tech" (engineering) degree is the most prestigious, highly ranked and competitive of the alternative academic options.  And, as noted earlier, the science gender gap is greatest in engineering, and even more so at IITs than other engineering institutions.  

The decision table (Table 2.3) predicts that students will try for engineering if:

· they  have the marks and economic means to continue in school, continue to college 

· they have the "marks" for and actually select the following prerequisites, the academic (vs. vocational) stream, the science stream at the higher secondary level (11th/12th grades),  and science subjects which include Math, Chemistry and Physics (i.e. CPM, CPMB, or CPMComputers). 

· they have the marks to pursue science at the college level

Moreover, the model predicts they will try for engineering at an IIT if they think they will have the marks (grades) to do so.  It also predicts that if they go for IIT, and can afford it, they will take the JEE tutorial/coaching.

To test the "Go for IIT" decision, I created a filtered sample of potential engineering students using relevant SAQ variables.  A new variable, "ENGSUBJ", recoded 11th grade science subjects into engineering prerequisites vs. those which were not.
  To be in the sample,  students had to respond on every variable, decreasing the sample size but insuring everyone had met all constraints. 
  Students answering "don't know" were also excluded, reducing the sample further,
 and girls disproportionately.
  The final IIT "filtered" sample  included 77 students, with 26 girls. 

Table 2.4, "Go for IIT" section, summarizes outcomes for three decisions: college science degree, trying for IIT, and taking the JEE "tutorial".  These are listed in the  "Decisions & Outcomes" column of Table 2.4 along with predicted and non-predictive alternative options for each decision.  The second column, "Total #", shows the  initial filtered sample size and then the number of students selecting each alternative.  It also shows non-responses for the filtered sample.  The third column (Total %) translates these figures into percentages, excluding non-responses.  The remaining columns provide the same data for each gender separately. 

As predicted, virtually all students (89.2%) who passed the constraints plan to try for IIT.  There are only five clear "errors" – i.e. students who have the prerequisites but do not plan to try for IIT.  The model does a better job of predicting boys then girls outcomes: 93.8% of boys  vs. 80.8% of girls select the option predicted by the constraint-oriented decision model.  Four of the five "errors" are girls.
 

Error cases—i.e. those not choosing to go for IIT—were examined to see what reasons students gave for their choice.  Three of the four female students planned to pursue other fields (2 doctors, 1 scientist); one simply stated " I don't like the JEE".  While no one explicitly mentioned patrifocal family considerations, choices are consistent with theoretical expectations (medicine, pure science).

Table 2.4 shows students overwhelmingly plan to take coaching for the Joint Entrance Exam.  As noted earlier, these "tutorials" can be quite expensive and often involve traveling across town in late afternoon or evening.  According to the model, girls decisions to take tutorials involve stronger affordability and social constraints than do boys.  This is reflected in these data.  Boys have slightly higher expectations of taking coaching than do girls: 89.8%  of boys vs. 75% of girls plan to take a tutorial.
  Girls are much more likely to say they don't know (20.0%) than are boys (6.1%).
 

For college degree choices, Table 2.4 shows the model does a good job predicting boys decisions, but, as expected, does a poorer job for girls.  According to the simplified model, engineering should be the preferred degree choice for boys, barring academic or economic constraints.  In this highly filtered sample, where academic constraint conditions have been met, 78 percent of boys decisions are as predicted; only 22% choose other degrees.  Examining "error" cases for boys, 43/47 individuals still plan to pursue  a science degree, and medicine, as predicted, is more popular than pure science.  No boys plan to pursue a non-science college degree. 

For girls, the constraint-oriented model predicts less than fifty percent of college degree choices (45.8%).  Half of the female cases are "errors", even though these girls possess all prerequisites to go for B.Tech/Engineering degrees.  Examining "error" cases shows that girls, like boys, still plan to pursue science degrees, such as architecture, or have not decided between medicine and engineering.  None select arts or commerce degrees.  And science choices are twice as likely to be applied science, medicine, as "pure" science.

Overall, then, boys in the most filtered IIT sample displays preferences consistent with the constraint-oriented theoretical model.  But so do girls, although less consistently than boys.  In short, most students with the pre-college prerequisites to pursue engineering at an IIT plan to do so.  All students plan to pursue some college level science degrees.
  And both sexes prefer applied science to pure science degrees, and Engineering over Medicine, more so for boys than girls. This partially reflects the filtering process, since students must have both engineering-oriented subjects (PCM or PCMB) and sufficient grades (including in math) to try for engineering at IIT.  Data elsewhere, however, suggest girls, like boys, are increasingly pursuing a "dual" academic strategy, obtaining the prerequisites to apply for seats in both engineering and medicine. This may account for most "errors".

The "Go for Engineering Degree" Decision using Filtered Sample

Eliminating the IIT issue yielded a larger, appropriately filtered sample of students to test the general "go for engineering" choice.
  Table 2.3 (paths 8 & 9) predicts that students who can continue to college and possess the academic prerequisites (streams, marks, subjects) for engineering will select this option.  Once again, patrifocality acts as an additional constraint on girls choices.  

Table 2.4  ("Go for Engineering") summarizes results for the filtered sample of 248 students, over half female.  Total sample "outcomes" are deceptive because choices are so different for males and females (p.<.00007).  Well over half of the boys (56%) select engineering, as predicted.  The remainder prefer medicine (32%) to pure science (12%).  None select commerce or arts degrees.
 

Among girls, the model predicts only 24.8% of outcomes with 74.4% errors.  As expected, having the academic prerequisites, including math and physics, is not sufficient for girls to pursue engineering.  More girls select the pure science option than engineering.   At the same time, virtually all girls plan to pursue some science degree. 
 And the most popular non-engineering science choice for girls is medicine, an applied science.  Once again, girls preferences reflect a shift to more occupationally lucrative and prestigious fields, albeit more socially acceptable ones with a history of female participation.  But nearly 25 percent of the girls do plan to go for engineering, again suggesting the growing appeal of fields "with scope".  Equally important, girls, like boys, are taking subjects in high school [CPMB] that will enable them to apply for both engineering and medical degree programs, increasing their chances of getting some "seat".

Students not planning to go for B.Tech/Engineering degrees were asked if the reason was low "marks".  Of the 54 students who responded, only about 25% of both the boys and the girls sample said "yes", contrary to expectations.  Those pursuing medicine (vs. pure science) rarely said they lacked the grades for engineering (5/36 girls, 0/9 boys).  In contrast, half of the 12 BSc. students responded yes on the "marks" question. responses differ for those pursuing medicine rather than pure science (BSc) degrees. Only 14% of those selecting MBBS degrees said they lacked the grades for engineering, 5 of 36 girls, 0 of 9 boys.  On the other hand, half of the 12 B.Sc students (50%) said they lacked the marks for engineering.  This is consistent with the hypothesized preference for applied over "pure" science degrees, barring academic constraints.
[check figures] 
Students not selecting engineering, but with adequate marks, were asked for reasons. Of the 34 who responded, many referred simply to preferences (e.g. "I prefer medicine; I have no interest in engineering...").  Others mentioned aptitudes for a field, job opportunities, or parental occupations ('both are doctors").  There were no explicit references to family wishes, nor to patrifocal family considerations, contrary to ethnographic reports.
  The SAQ format may be an inadequate instrument for identifying familial influences on student choices.

The "Go for College Science Degree" Decision using a Filtered Sample.

The filtered sample for the college degree decision contains all 11th grade science stream students who plan to attend college.
  Once again, students not responding or responding "don't know" on any of the variables are excluded.  The resulting sample contains 278 students, over half female. 

Table 2.4, "Go for College Science?" shows students overwhelmingly select outcomes predicted by the constraint-based model.  Almost 97% of students plan to pursue a science degree at the college level.  Contrary to predictions, the percentage is virtually the same for girls as for boys.  Only seven students have no science degree plans and only one selects either commerce or arts. 

This largest and broadest sample of high school science stream students again shows that both girls and boys, once in the science stream, continue with science unless economically or academically constrained from doing so.  This despite their option, according to informants, to pursuing non-science college degrees level.
 

Theoretically consistent gender differences do appear in which science degrees are selected (chi square = .0001).  Boys, as predicted, select  B.Tech/Engineering (45.4%) over MBBS/medicine (32.8%) with "pure science" (B.Sc.) a poor third (10.9%).  For girls, B.Tech/Engineering is the least preferred option (19.7%), as predicted, substantially lower than pure science (25.7%).  However, the applied science option, medicine (MBBS), is by far the preferred alternative for girls in this sample (45.4%).
 

Non-Science Stream Student Choices

College degree choices of students planning to attend college but lacking science prerequisites allow us to test whether these "constraints" do preclude students from pursuing college level science.  A filtered sample, "no_science", was created based on the conditions specified in paths 3 and 4 of Decision Table (2.3).  This sample essentially consists of students in academic, non-science high school streams, planning to go to college.

Table 2.4, in the section "No Prereqs: No Science", shows virtually no non-science stream students selecting science degrees, choosing commerce or arts instead. Predicted significant gender differences are present (chi square .00000).  Boys prefer commerce to arts—not a single boy in this filtered sample selected an arts degree.  In contrast, 66 girls selected that option.  Surprisingly, more girls selected commerce (71) than arts degrees, again reflecting the trend towards occupationally-based academic choices. 
 

Non-science stream college choices, as with science, are strongly linked to pre-college stream.  Among commerce stream students, 87.1% of boys and 92.1% of girls plan to pursue college commerce degrees.  Ninety-five percent of female arts stream students will go for a college arts degree.
 

High School Stream Choice [see Go-Academic.lst].   I also looked at student responses to the question, "if you are not in the science stream, did you have the marks for science".  Because of the small number of male arts stream students, I used an unfiltered sample.  Of  521 non-science stream students, 481 responded on this question.  As predicted, the majority of students (55.5%) said they didn't have the marks for science.  But a slightly higher percentage of girls then boys said no (58.2% vs. 48.5%).
 

Separating commerce and arts students, however, alters these results.  Table 2.5 shows there are statistically significant gender differences in responses of both arts and commerce students.  As predicted, most male arts students do not have the marks for science (72.4%).  This is significantly higher then among female arts students (58.5%) and, unlike boys, virtually all girls responded on this question.  Over forty percent of girls said they had the marks for science. 

Among commerce students, significantly more female then male students said they lacked the marks for science (57.6% vs. 30.3%).  Nearly seventy percent of males  (69.7%) said they had the grades for the science stream.  This reinforces other data suggesting commerce is an increasingly desirable and perhaps even first preference for some students, especially boys.  Girls selecting commerce over arts may be more occupationally oriented, following a male academic choice model with a Science > Commerce > Arts preference hierarchy.

Selecting Non-Science Streams when you have the Marks.  Non-science stream students who reported having the "marks" for science were asked their reasons for selecting a non-science academic stream.  They could choose one or more items from a prepared list and write in additional reasons.
 
Table 2.6 summarizes responses by gender, and then by commerce and art stream.  Given these students have the "marks" for science, it is not surprising that academic problems,  "too difficult", "too much work", are cited relatively infrequently.  Yet, almost 40% of male arts students selected this, and significantly more boys than girls in both commerce and arts (p. .03, p.01).  "Better prospects in other fields" was also frequently mentioned.
  Clearly academic (and economic) "constraints" act more subtly, as in complex trade-offs between a higher ranked subject or a higher ranked college.

The most frequent response for both genders is "no interest in science".  This along with the relative popularity of "exceptionally good in other fields" reinforces other data suggesting some students (and families) employ alternative cultural models of school-going.  Ethnographic data indicates some students are encouraged or allowed to be guided by personal interests/desires, especially if they are "exceptional" or "brilliant" in a particular field or from wealthy families. This may explain the virtual absence of "family advice" from student reasons.  And the prestige and rank of science over commerce may not be as widely shared as among my ethnographic sample.  At the same time, interpreting student responses of "interest" or "no interest" and discerning the impact of family influences is extremely difficult, especially on this type of question (see Chapter 4). 

Other Science-Related Decisions: Subject Choices within the Science Stream

Science stream students were asked which science stream subjects they selected (PCB, PCM, PCBM, other).  An open-ended question briefly elicited reasons.  Responses (241) fell into four main categories distributed similarly for both genders.
  The most common (59.8%) are "means-related" –as a path or prerequisite to a longer-term goal, usually occupationally-related ("I want to go for medicine", "to become an engineer", "it opens up more job opportunities", "for my future") with occasional more immediate pragmatic considerations ("only thing available", "better score").   

A second major category (39%) consists of responses that cite interests and likes or, less often, dislikes.  A few students clearly are subject focused ("they are challenging", "I love it very much", "I love computer science").  The rest simply state "interest" or "I like it" without indicating why (e.g. "I like computer, job oriented subject").

Virtually absent from these short responses are family advice (e.g. "my father selected it"), perhaps because it is taken for granted and/or consistent with students own preferences.  Students also rarely mention academic deficiencies—and only 2 mention disliking or being weak in math (1 male, 1 female).  Instead, students are overwhelmingly positive, citing reasons FOR their choices, a tendency I found in ethnographic interviews.  It can, however, mask other choice considerations (again see Chapter 4). 

Expanding the Model: Characteristics of the "Go for IIT" Filtered Sample [see go-iit]
The "Go for IIT" sample represents academically elite female, as well as male students, with the academic prerequisites to pursue engineering and "try for" IIT.  Apparently these girls are not constrained by patrifocality.  To begin refining the original model, I examine additional SAQ data on these "deviant" cases, comparing them to their male counterparts and to the broader sample. I will briefly summarize highlights of this analysis, excluding more detailed tables and charts.

Student Attitudes Towards Math and Science.  The SAQ asks students to assess their abilities on various subjects, including mathematics ("maths") and science. Students respond "yes" or "no to a series of standard statements: "I have the ability to do very well in _____" (a specified subject). Table 2.7 summarizes responses of the filtered IIT sample, first  as a whole, and then by gender.  For comparative purposes, the table includes students not in the filtered sample, i.e. the remaining science stream students plus non-science students.

As expected, "Go for IIT" students of both genders are very confident about their math and science abilities, in striking contrast to the non-IIT sample where most "yes" responses are less than 50%.  Both groups feel more confident about "general" math and science than more specialized subjects, especially "higher maths".  But only 26% of the general sample (vs. 71% of the IIT sample) and 22.5% of girls (vs. 65% of the IIT sample) feel they have the ability for "higher maths".
 
Gender differences are virtually non-existent in the "Go for IIT" sample.  The one exception is chemistry (p <.01) where all girls responded "yes" on the ability question while 11/50 boys said "no".  Perhaps perceived proficiencies in specific subjects, such as chemistry, rather than math deficiencies, strongly influence girls choices, especially between medicine and engineering. 
  Girls yes responses are slightly higher in all science subjects except physics;  boys respond slightly higher on math subjects.  An exception is Algebra, where 95.7% girls vs. 83.0% boys checked "yes".  These differences are not replicated in the non-IIT sample and boys uniformly responded more positively on all questions.  This may reflect differences in the male and female samples which affect their comparability, as we shall see shortly.
Students also rated their general academic ability compared to their classmates using four categories: below average, average, above average, or highest ability (see Table 2.7).  The IIT sample generally rated themselves higher than their general sample counterparts.  There were statistically significant gender differences only within the IIT sample with girls significantly more likely to select "highest ability".  Girls self-assessments (regardless of their accuracy) are consistent with the model's premise that the academic and economic constraints on girls pursuing science, especially engineering, are higher for girls then boys. Hence, only the highest achieving girls are able to continue.
  

The SAQ asks students whether they "like" each of eight math and science subjects.  Table 2.8 summarizes these data, again first for the filtered "IIT" science sample and then for those excluded from that sample.  As expected, IIT-bound students of both genders are overwhelmingly positive.  Gender differences parallel the "ability" questions. Girls are significantly (.00) more likely to say they like chemistry (100 percent!) and algebra; boys are somewhat more likely to say they like general mathematics (.02)  or arithmetic (.06). However, there are no differences on geometry or physics. 

For the IIT sample, biology is the least popular subject with 64.4% of the filtered sample saying they "like" it a lot, comparable to the non-IIT sample.  This probably reflects the elite groups engineering orientation and the exclusion of "pure biology" science students (PCB subjects).  And some engineering students in my ethnographic sample expressed repulsion at the thought of dissecting animals.  In the Indian cultural context, this could be another factor that enters into some students science-related academic decisions.
  Engineering-oriented informants also spoke disparagingly of the "mugging" required in biology and medical courses.  

Apart from biology and general science, the non-IIT sample is less positive about both math and science, with chemistry and physics least popular, lower than any math subjects.  Gender differences in math-science subject preferences are also greater in the non-IIT than in the IIT sample, although there are some parallels in area preferences.  

The SAQ asked students to rate how hard they work compared to classmates using four options: below average, average, above average or hardest working.  Table 2.7 shows that the larger sample of non-IIT students (n=645) displays virtually the same overall pattern of responses as does the IIT sample.  Gender differences appear only in the filtered IIT sample (chi sq. .05).  This highly selective group of female science students is significantly more likely than their male counterparts to perceive themselves as working harder than their peers.  Girls more often select "hardest working" and "above average" while twice as many boys as girls select "average".  Similar percentages of both sexes choose "below average". 

All three attitudinal variables (abilities, likes, working hard) produce responses of girls in the IIT sample that are consistent with the theoretical model.  We would expect girls intent on pursuing the most competitive science options to recognize that they have to both work harder and have more ability than their peers, including their male science stream peers.

Family Background.  SAQ family background variables, as anticipated, show IIT filtered sample students come from highly-educated, science-oriented families, girls even more than boys.  Among those responding (73), 77% of girls (20/26) and 81% of boys (38/47) report a close relative studied engineering.  Eighteen of 21 females report a female relative in science, most often in medicine.  Eight of 16 females and 15 out of 35 males said they had a female relative in engineering!  Occupationally, 31% of girls (8/26) and 12% (6/49) of boys have fathers who are engineers.
  Other fathers tend to be highly educated, often in science.  As expected, students with less educated fathers are more likely to be boys than girls.  These data suggest modern occupations, even in science and engineering, continue to be somewhat "hereditary"
. See Go-IIT file incl. moed. 

Filtered sample students also come from economically elite families.  Seventy-five percent classify themselves as upper middle or very high income families.  Using student estimates of family monthly income (in rupees), both genders are from significantly wealthier families then other 11th graders in the sample.  The mean family income for the full 11th grade sample  is 3368.24 rupees (s.d. 2397.42, n=598).   For the IIT filtered sample (n=64) it is 4162.89 rupees (s.d. 2152.84) and for the non-IIT sample, 3273.00 rupees  (s.d. 2409.37, n=534).

There are virtually no gender differences in the IIT sample (4142.10 vs. 4171.67).  But in the larger non-IIT sample, girls report lower family incomes than do boys (3175.46 rupees vs. 3491.16 rupees), reflecting total sample differences.
  
Patrifocality.  Conventional patrifocal family values and gender-differentiated expectations should lead to gender-differentiated responses on a number of SAQ questions.  For example, sons and not daughters, are expected to have financial responsibility for parents and other family members.  Yet, in the IIT sample there were no statistically significant gender differences on future expectations of financial support.  Eight of 15 girls expected to be a "major source" of financial support for parents after they finished their studies (53.3%); 30/58 or 69.8% of boys responded similarly.
 

Similarly, the same proportion of girls as boys expect to "look after" their parents in their "old age".  Fifteen of 16 girls said they would either have sole or equally shared responsibility; only one girls said someone else would have responsibility for parents. [Boys??? check].  
Future expectations regarding employment are equally unconventional.  Eighty-seven percent of the IIT sample girls expect to "take up a job after marriage", an even higher percentage than among boys who responded.  This is consistent with the ethnographic model and the type of pressures hypothesized to increase girls entry into science and engineering. 

Other potential measures of patrifocality do not exhibit gender differences.  Many students come from Brahmin, Hindu families (44% females, 48% males), yet most do not describe their families as very orthodox.  Girls expectations about age of marriage are unconventional and parallel boys.  For girls, 38.1 % expect to marry after age 25 [vs. 48.3% males].  Only one person, a girl, expects to marry before age 21.  Ten percent of girls and a surprisingly high 28% of males indicate they NEVER want to get married.   

The atypicality of the IIT girls sample is apparent when compared to the full 11th grade sample (n=611).  This broader sample reflects more conventional patterns, with girls expecting to marry at earlier ages and much earlier than their male counterparts (p.0000).  Over seventy percent of 11th grade girls expect to marry before age 26 (72.0%), and 10.2 percent before age 21.  Slightly over twenty percent (22.6%) expect to marry after age 25.  Only 5.5% say they will never marry.  Eleventh grade boys, on the other hand, expect to marry much later, 45.7% after age 25 and only 5.3% before age 21.  About a third (36.1%) expect to marry between 21 and 25.  Fully 13.0% of boys responded  "never" on this question. 

On other dimensions, also, the IIT sample reflects "modern", urban elite, non-orthodox families.  English is a first language at home for a substantial, though not a majority, of students  (girls 12%, boys 21.3%).  Families invest time and energy in their children's education.  Both girls and boys in the filtered sample report being involved in extracurricular activities, although boys are significantly more likely to report taking computer classes.  Ten of 30 males said they had taken such classes; none of the females reported doing so, even though many of these girls plan to pursue engineering and computer science.  Forty-eight percent of students of both sexes said their families preferred coeducational to single-sex schools, although more girls than boys families preferred same sex schools (28% girls; 12.5% boys).

The mean family household size for this group is 5.15 (n=67), reflecting a more nucleated than large extended household pattern for both genders.
  Somewhat surprisingly, more girls in the filtered sample expect to live in joint households after marriage (40 percent) than girls in the larger sample (22.1%, n=258), approximately the same percentage as the boys in the filtered sample (44.0%).  In contrast, more boys in the full 11th grade sample (n=176) expect to live in joint families (52.3% of all boys). 

These and other data suggest that conformity to patrifocality is selective.  This is apparent in the culturally-loaded arena of mixed-gender relations.  As expected, there are striking and highly significant gender differences (.0000) in total 11th grade responses to questions about "having a close friend" or "going to a film or a restaurant with a friend of the opposite sex (not a relative)".  Boys are more likely to respond yes to both questions (45.3% on "close friend"; 37% film/restaurant).  Yet here, the IIT female sample is not different from the total 11th grade female sample.  Nearly twice as many IIT boys as girls respond yes on the film/restaurant question (28.0% boys vs. 15.4% girls).  And 24% of girls (vs. 30% of boys) say yes on the "close friend" question.  On these questions, interestingly, it is the IIT boys who differ from the total sample, being more conventional.  

The complexity of the patrifocality cultural model is also reflected in the "arranged marriage" question.  Students were asked how their families will handle their marriage,  selecting from: "they will only allow a traditional arranged marriage", "they will arrange my marriage but I will meet the boy or girl and give my consent", "they will try to arrange my marriage but will not oppose a love marriage"; "they will not arrange my marriage. I will find my own wife/husband"; or "don't know". 

Table 2.9 compares responses for the entire 11th grade and for the filtered IIT-science sample.  Once again, girls in the IIT and full 11th grade samples are quite similar, adhering far more to patrifocality than their male counterparts.  Over one-fourth of girls in both the IIT-Science and the total 11th grade sample expect their parents to allow only a traditional arranged marriage.  Few girls in the full sample and no IIT girls anticipate finding their own spouse.  The majority of male and female students in both samples anticipate having some personal input, but within the context of an arranged marriage.  But the most striking gender difference, regardless of sample, is in the acceptability of a "love marriage".  Far more boys then girls say a "love marriage" will be acceptable if no suitable other marriage arrangements can be made.  And here, IIT boys are less conventional than other boys, with nearly twice as many selecting this response.  This again suggests that adherence to patrifocality can be selective and strategic.

Overall, then, we see that girls who "deviate" from the patrifocally-oriented female academic choice model are also from socio-economically, educationally, and occupationally atypical families.  But so are males in the filtered IIT sample.  In fact, girls with the prerequisites for science and engineering at IIT resemble their male counterparts in terms of backgrounds, attitudes, achievements and in models of school-going and academic preferences.  Moreover, these girls (and, crucially, their families), have future expectations that deviate from conventional patrifocality:  they expect to marry late, work after marriage, assume financial obligations for their family of birth, before as well as after marriage....if they marry.  On the other hand, most are still conservative in their relations with unrelated males and expect their families to play a major role in arranging their marriages.  These data provide insights into the conditions that lead some women to pursue science but also illustrate the complexity of assessing patrifocal (and other ) influences on academic decisions.

Modified Direct Tests of the Model Using the 9th Grade Sample 

The simplified constraint-model was further tested with the 9th grade sample. Procedures paralleled the 11th grade analysis except that the 9th grade SAQ tracks decisions only to the choice of college degree, ignoring IIT-related choices.  As before, my goal is simply to see if the model predicts boys choices better than girls.  I expect boys to select science over non-science, applied over pure science, and engineering over medicine, if they pass economic and academic preconditions.  Girls preferences, because of patrifocality constraints, should differ. 

The 9th grade sample consists of 403 students from 11 schools: 4 private coeducational, 4 coeducational central government (KVs) and 3 municipal single sex schools (2 girls, 1 boys).
  Because 9th grade students are not yet clustered by academic "streams", we simply sampled one 9th grade section at each school.  For the Bangalore municipal school, however, we included both an English-medium  and a Kannada-medium section.

Chart 2.1. shows the distribution of the 9th grade sample by school type and gender.  The 403 students are about equally divided between males and females (52.4% girls; 47.5% boys) but girls are more likely to be from municipal schools than boys (51.2% girls vs. 17.7% boys).  This partially reflects our sampling, with three girls and only one boys municipal school sections, producing an over-all over-weighting of municipal schools in the total 9th grade sample. 
   But it also reflects varying gender ratios within other school-types, where all sections are coeducational.  As in the 11th grade sample, boys tend to be over-represented in private coeducational schools and girls over-represented in municipal schools .
  As we will see shortly, this can complicate gender comparisons.
Testing for the Projected Hierarchy of Selected Outcomes

I first examined outcomes at each decision point leading to the choice of college degree.  Figures 2.6 and 2.7  are 9th grade adaptations of the 11th grade flow charts. For the 9th grade sample, all outcomes are projected choices.
 

Figure 2.6 shows total 9th grade sample outcomes, regardless of gender.  A high percentage of students (84.7%) expect to continue to the higher secondary level, and, as expected, most intend to take the Academic (vs. Vocational) Stream, although a significant percentage say they "don't know" (20.3%).  

For academically oriented students, virtually all those who anticipate sufficient "marks" to take the high school science stream plan to do so (87.8%).  Their within science "subject" choices are about equally divided between the alternatives (CPMath, CPBiology, CPMB).  Those not choosing science, including those with the "marks" for it, have nearly equal preferences for commerce (28.9%), arts (27.4%), and "don't know" (27.4%). 

After high school (Figure 2.6, p.2), the vast majority (84%) plan to continue to college, nearly 70% pursuing science degrees.  And among Science degree choosers, there is strong preference for applied over "pure" science degrees.  Three times as many students choose either B.Tech/Engineering or MBBS (doctor) as B.Science, although medicine is more popular than engineering, reflecting the girls sample.  Non-science degrees are not popular (18.9%) although commerce is twice as popular as arts or other degrees.   Only 12 percent respond "don't know" suggesting these 9th grade students already have clear academic plans. 

Figure 2.7 shows the outcomes for boys and girls separately.  I provide both numbers and the percentage this represents within each gender, i.e. what percent of all girls selected that option.  The percentage figures for girls is the top figure (bolded, blue) figure; the lower figure is for the boys sample (unbolded; red).  Percentage figures take into account "don't knows" because this is a frequently selected option with theoretical implications.  Chi square (Pearson) statistics for cross-tabulations (options by gender) are given for each choice point.

Overall,  there are few significant gender differences in school continuation decisions, either for higher secondary or for college.  Girls are as likely as boys to continue although more girls responded "don't know" on the college decision.  Both overwhelmingly choose the academic over the vocational stream, although girls are significantly more likely to, or to say they "don't know" (chi sq-.02). 

High school stream choices are similar, with nearly 90 percent of those expecting to have sufficient "marks" opting for the science stream.  Among non-science choosers, boys are only slightly more likely to choose commerce than arts; equal percentages of girls select commerce and arts.  Yet nearly one-third of girls (and only 14.3% of boys) said they "don't know".
 

Highly significant and predictable gender differences (p=.0000) appear in the high school science subject choices.  Nearly three times as many girls select PCBiology, the medicine-oriented option (39.5% vs. 15.1%) while more boys choose engineering-oriented  PCMath (31.1% vs. 22.9%).  Boys also more often select the "mixed strategy" CPMB engineering or medicine option.  This is consistent with the model's assumption that boys seek to maximize occupational opportunities (jobs with "scope").
 
College degree subject choices resemble the high school stream and subject patterns.  Girls are only slightly more likely than boys to select non-science degrees, and among non-science degree choosers, both sexes prefer commerce to arts degrees.
  Among science choosers, applied sciences is highly preferred by both sexes, and the ratio of applied to pure science outcomes is even slightly higher for girls than boys.  

Once again, significant and predicted gender differences appear in the type of applied science selected.  Girls first choice is overwhelmingly medicine-mbbs (36.7%), followed by pure science (16.3%), and then B.Tech/Engineering (13.6%).  Boys preferences mirror the predicted hierarchy: engineering over medicine; applied over pure science science over non-science; and commerce over arts. 
Overall, then, 9th grade outcomes data support are consistent with hypothesized academic science and applied science oriented preferences, but for girls as well as for boys.  Girls in this sample seem also to be maximizing "jobs" with scope, both within and outside science (commerce over arts).  On the other hand, within science, especially applied sciences, girls preferences are as predicted.  Engineering is the least popular of the science alternatives.  Equal school continuation rates, by girls, are interpretable if we assume that families in this sample can afford to all children to high school and college. 
  The disproportionate "don't know" responses by girls may, however, reflect patrifocally related greater uncertainty by girls. 

Direct Tests of 9th Grade Data Using Filtered Samples

To test the model more rigorously, I created "filtered" samples following procedures described earlier (see Table 2.3. decision table).  Using 9th grade SAQ questions about marks and choices, I examined three science-outcomes: high school science stream, college science degree, and engineering degree.  Non-responses or "don't know" on any single variable eliminated a student from the filtered sample.
 

College Science Pre-reqs Filtered Sample.  The first filtered sample includes students passing all academic constraints to pursue a science degree at the college level.
  As can be seen in Table 2.10, under "College Science Prereqs", it contains 100 students, 60 females and 40 males, 97 who responded on the degree question.  The proportions of males and females resemble the original sample (52.4% females total).
Results in Table 2.10 show the simplified constraint model overwhelmingly predicts both male and female choices, over 85% for the total sample.  Students with science pre-requisites continue for college science degrees.  Unexpectedly, it does somewhat better with girls than boys!  Among "errors", i.e. non-science choosers, both genders chose commerce instead (9/12 students).  No one selected arts. [double-choosers?] One student wrote in law and one the Air Force Academy.

Engineering Prereqs Sample.  To create this sample, I added a "subject" constraint to the filtered science ones.  Students had to take the proper high school science stream subjects, namely mathematics, in addition to chemistry and physics.  Generally, this means either the "CPM" (chem, physics, maths) or "CPMB" (chem, physics, maths, biology) option.  Students selecting CPM or CPMB were coded as having the prerequisite; those citing CPB, "other", "don' know" (or no response) were excluded from the filtered sample. 

Table 2.10 presents the results under "Engineering Prereqs".  Sixty-two 9th grade students met this additional prerequisite.  Contrary to expectations, less than half of either boys or girls selected engineering, although more boys than girls.  Yet most "error" cases are students pursuing medicine-- 2/3rds of girls, less than half of boys.  These are probably students in the filtered sample taking the PCMB –medicine OR engineering- option.  From a theoretical perspective, it indicates that while more girls are acquiring the prerequisites to pursue more than a single applied science option, they still prefer medicine to engineering. 

I also examined whether students who lack the hypothesized prerequisites for engineering still plan to pursue it.  These essentially are the PCBiology science stream students.  Table 2.10 summarizes the results, under the heading "No Prereqs: No Engineering".  As predicted, 28/30 not meeting the constraints don't choose engineering. The two errors are girls. 

The filtered sample (like the full sample) exhibits theoretically consistent gender differences in science subject choices if, as I am arguing, these choices reflect future academic goals rather than intrinsic subject preferences.
  Far more boys (81.6%) than girls (43.1%) select math-related subject options, associated with engineering (and perhaps accounting) careers.  And more girls (43.1% vs.13.9% of boys) select Biology/No Math option (CPB).  Nearly twice as many boys select the CPMB "dual-degree option"  (here, 52.8% of boys vs. 29.3% of girls).  This would be consistent with continuing patrifocal pressures for girls to pursue more socially appropriate science options.

The SAQ asked students for reasons for their college degree choice.  Table 2.11 categorizes, by themes, filtered sample responses.  Job-related concerns are most often cited, as in "because I want to be a doctor", or  "better job prospects" or "my goal is to become an engineer".  As expected, this is far more frequent for boys (56.3%)  than girls (29%).  

Girls, instead (nearly 1/3 vs. 0 boys), cite "social" goals, such as "I want to be a doctor and serve the nation", or "to save the poor who cannot afford treatment.  These considerations at first seem unrelated to patrifocality, reflecting motivational goals, reasons for selecting a field rather than constraints on selecting other fields, such as engineering.  Yet, both the type of motivations and the characterization of medicine are consistent, in a career context,  with patrifocal female ideals, that is, concern for the welfare of the larger social entity.

Both genders mention family considerations, "to help parents when old", "my mother's wish", or simply "family advice".  Also cited are what seem to be "individual" preferences, such as "I like it", "I love working with machinery", or "I like and am better in these subjects".  But they are often juxtaposed with family or other considerations as in, "mother's wish, I like it, confidence in biology" or  "I like studying and mother says I'll get a better job".  This again suggests students incorporate family desires into their own subject and career preferences. 

High School Science Stream Prerequisites.   The 9th grade SAQ explicitly asks about academic constraints in relation to high school stream choices:  "if you have the marks for the science stream,  will you select that stream?"  To enlarge the 9th  grade pool of potential science choosers I relaxed the earlier filtering criteria and included all students answering the "marks" question.
 [see big sample issue note in leftovers!]
Table 2.10,  "High School Science Stream Prereqs" , shows 196 students in this semi-filtered sample.  Nearly ninety percent (87.8%) select the predicted science options. There is no significant gender differences, contrary to expectations, with slightly more "errors" among boys than girls. Few students respond "don't know".
  

Error cases were examined--i.e. the 16 students with science prerequisites who did not select the science stream. There are no clear gender differences in this small sample, with similar numbers selecting commerce, arts, or "other".
  Nine students offered reasons for their decisions: family advice (2), no interest (2), good in another field (2), too much work (1), better job prospects in other fields (1), other (1). All but the last two responses were by males. 

Comparison of Science Choosers and Non-Choosers

As with 11th graders, I did exploratory comparisons of 9th grade science choosers and non-choosers in order to refine and expand the original simplified constraint-based academic decision model.  For "science-choosers", I used the filtered 9th grade sample having the prerequisites for math-oriented college science ("College Science Prereqs" sample; see Table 2.10).  The "non-science choosers" includes all students selecting non-science high school streams.

Table 2.12 summarizes information on income, family size and marks in key subjects for the science and non-science student groups, as a whole and for boys and girls separately.  The table also includes comparable data for the entire 9th grade sample since some students are excluded from both sub-samples.
 The "n" values by each variable refer to the number of students who responded on a particular question.

The 9th grade SAQ, like the 11th grade, contains two family income measures: one asking students for monthly family income (in rupees); the other providing categories (below middle, middle, upper middle, very high).  I include both measures in Table 2.12. 

Female Science and Non-Science Students
.  On theoretical grounds, gender-differentiated economic constraints should affect girls from wealthier families less than girls from economically marginal families.  Family incomes of female science degree choosers compared to non-science choosers ( Table 2.12) show dramatic support for that expectation.  Mean rupee income for female science choosers is quite high: 3869.17 rupees per month compared to 2705.35 rps. for non-science students and 2969.58 rps. for the entire 9th grade sample of girls.
  The same contrast appears using the categorical measure of family income. 

Female science choosers also come from smaller households than do female non-science choosers.  An average of 5.02 family members live in science girls' households compared to an average of 6 family members in the households of girls who do not select science.  The overall 9th grade girls sample mean is 5.6.
 
Academic performance is also compared.  Marks in key subjects are shown, using percentages students received out of the total exam marks.  These figures have been calculated from data provided by students for the most recent yearly subject exams.
 The SAQ elicits scores on three standard subjects (maths, science, social studies) with room for students to list additional subjects (e.g. English, Sanskrit, Hindi, Kannada, other subjects). 

Table 2.12 shows striking differences between science and non-science girls.  Science students have statistically significant higher scores (10-15%) on three core subjects: mathematics, science, and social studies.  Predictably, the math-oriented science sample has a much higher mean math score, 71.4% , than non-science choosers (54.5%).  But the gap in science scores is virtually the same.  And this performance gap reappears on non-science subjects, such as Social Studies (shown), English, Sanskrit, and other local languages (Hindi, Kannada). 
There are parallel, though not as dramatic, patterns in the boys data. Male science choosers  come from higher income families, smaller households, and do better in all subjects, although the gap is more dramatic in the girls sample. 
These gender comparisons support key assumptions in the original simplified academic decision model, especially the major role academic constraints play in science related academic outcomes.  Income and family size data again suggest that socioeconomic factors play an important and complex role in science-related choices, perhaps greater than originally envisioned.  At the same time, gender-related considerations exacerbate the impact of socioeconomic and academic factors, producing even greater differences between female science-choosers and non-science choosers then among males.

Non-Science Students by Stream.
  Family incomes of  9th grade female non-science students vary substantially by stream, with arts students much higher than commerce (and other non-arts) students, almost as high as science-choosers.  

Commerce and arts stream students have similar math scores, lower than those selecting other options or "don't know", the latter over one-third of the non-science sample.  On other subjects, however, female arts students score consistently below all other non-science students, including commerce students.
 

The poorer academic performance of female Arts (vs. Commerce, Others) choosers is intriguing because they come from higher income families than do other non-science choosers.  This again suggests that girls entering commerce are more occupationally-oriented than arts students, but are less academically and economically able than science girls.  Wealthier families may find it easier to follow patrifocal norms, viewing girls education as a prerequisite to a "good" marriage and, perhaps, as a vehicle for family "status production" (see Papanek 1989), reinforcing patrifocality. 

Male 9th grade non-science students also vary by stream, but in ways different from girls.  Commerce (vs. arts) students have higher family incomes and fewer family household members, and do slightly better in social studies and worse in science.  Math and English scores are similar.

These 9th grade data reinforce other data suggesting that the original "science" vs. "non-science" dichotomy needs to be refined, and that "commerce" and "arts" students should be treated separately.  There may be both gender and family specific variations in how these non-science alternatives are conceptualized and handled.
  

Comparison of male and female samples: more complexity.  The data in Table 2.12 exhibit patterns not always consistent with the original simplified model.  For example, given differential investment of families in sons vs. daughters, and patrifocal constraints on girls entry into male-dominated science fields, I anticipated that both female science choosers and female "non-choosers" would come from higher income families and have higher grades than their male counterparts.  This does not appear to be the case, at least not in any simple or easily observable way.  Male and female science choosers, in particular, are very similar in family income and size, and grades.  Among non-science students, females and males have similar incomes, although girls live in larger households.  And male non-science students have higher marks than females in math, science and social studies. 

Yet, male-female comparisons can pose problems.
  As noted earlier, girls and boys do not come from the same school-types and girls from municipal schools are over-represented in the total sample.  Municipal schools purportedly serve students from lower socioeconomic backgrounds than other schools, such as KVs and, especially private schools.  Chart 2.2 supports this anecdotal data, showing graphically the clear linear relationship between school type and family income for students in this sample.  The mean income for students from private schools is 5328 rupees; for municipal school students, only 2290  Students from central government schools, the KVs, are in the middle, at 3165 rupees.
  The results are similar using the categorical measure of family income. 

Municipal schools also have a reputation of being academically poorer, with fewer facilities, less rigorous teaching, and teachers less well-qualified than in KV or elite schools.  "Marks" are relatively comparable across school-types because exams are standardized, at the municipal, state, or even all-India level. 
  Chart 2.3 presents a graphic representation of mean marks by school-type for the 9th grade sample .  An Anova one way analysis of variance produces highly significant differences between school types on Mathematics (.0000), science (.0002), Social Studies (.0000) and English (.0006).  Central Government (KV) students have the highest scores although the percentage point gap with the private schools is fairly small.

The most striking differences are between municipal schools and other school-types and the gap is greatest in mathematics.  [CAUSE could be % girls!!!Municipal school students average 56.3% in mathematics compared to 76.8% for KVs and 70.8 percent for private schools.  Given these data, and the role academic constraints play in science decisions,  it is not surprising that  municipal schools students "select" non-science streams more often than students from other school-types.  Chart 2.4 shows that early forty-eight percent of municipal school students are non-science choosers, while only 28.7% of KV students and 21.6% of private school students select non-science options. [what constitutes  whole sample—iwho are the others, what is  n & how generated; 

As a further factor, girls and boys in municipal schools differ.  The income chart shown earlier (Chart 2.2) plots gender data separately.  There are no gender differences until the municipal schools, where girls family incomes are significantly higher than boys.
 This is consistent with preferential investment in sons -- that families with similar incomes will be more likely send daughters to less expensive municipal schools.  And that poorer families will send only sons to secondary school, to municipal schools.

But subject marks also differ by school type and gender.  Unexpectedly, boys in municipal schools tend to do better than girls in municipal schools.  Girls mean math scores are lower in all three types of schools, although the gap is greatest in the municipal schools (53.1% to 70.4%).  Girls science scores are also lower than boys in municipal schools (and private schools) although higher in the KVs.  In social studies, girls exceed boys in private schools and KVs but not in municipal schools, though the gap is smaller (56.4% to 67.6%).  Only in English do municipal school girls equal or exceed boys scores (59.8% vs. 58.6%), although all municipal students do more poorly than students from other schools.

The poor performance of municipal schools girls is heavily influenced by the two Bangalore sections, without a boys counterpart, and with lower scores than their Delhi counterparts (female or male).  My research assistant for these schools reported problems obtaining cooperation from both teachers and students.  Nevertheless, at this point, we cannot attribute girls lower scores simply to these schools.  

What also might be occurring is a phenomenon I encountered in my ethnographic research, a subtle form of the differential investment hypothesis.  In short, girls, especially those who are academically mediocre or poor students,  are ignored, less encouraged, cajoled, or assisted in their academic studies then are boys who perform similarly.  In the case of boys, mediocre performance is seen as having much more profound consequences, both for the boy and for his family.  

Given the disproportionate percentage of girls from municipal schools, and their lower academic scores, one would expect girls from municipal schools to be underrepresented in the highly filtered sample of students possessing the prerequisites to pursue a college science degree, the "science choosers".  This is the case. Municipal school girls represent 51.2% of the total girls sample yet they are only 36.7% of "science choosers". 
  Nevertheless, municipal school girls still constitute over a third of all girls in the highly filtered science sample. This makes the similarities between female and male science choosers even more intriguing. 

Clearly, family income, educational background and school-going models, student academic marks, science pre-requisites, school-types, and gender seem to relate to each other in complex ways.  Under these circumstances,  it is important to further explore what makes some families and some girls committed to academic achievement and to pursuing highly competitive degrees at the "best" possible academic institutions. 

Additional Characteristics of College Science Degree Choosers   excludes DPS choice data

To understand more about why some girls choose science, especially engineering, I further explored the characteristics of college science degree choosers, as a group, and female science choosers, specifically. I examined SAQ variables relating to family status, patrifocality measures, and student attitudes, running cross-tabulations by gender.  There were few statistically significant gender differences. Due to space and time considerations, I do not provide tables or information below but simply present highlights of this analysis. see go-sdegree9.lst
Overall, science choosers share common features, regardless of gender, and contrast less with each other than with other students.  Virtually all come from relatively "elite" families, based on educational, occupational, and income criteria.  Nearly fifty-two percent of students describe their family income as upper or upper middle class; only 4.9% selected "below middle class"( n= 81). And as seen earlier, mean incomes for both genders are similar and substantially higher than for the sample as a whole and for science non-choosers.  The gender similarities in family income are even more striking given girls lower total sample income and the one-third from municipal schools.  This, however, is consistent with expectations that only girls from more economically privileged families will be able to pursue science.

Educationally, 9th grade science-choosers are educational elites.  Sixty percent of fathers have college or postgraduate education [n=75];  only 18.6% of fathers have less than "matriculate" [i.e. <10th grade education].].  Mothers, too are highly educated:  Forty-one percent have college or graduate-level education; however, 32.6% of mothers had not "matriculated"—completed 10th grade, a much smaller percentage then for fathers of science choosers. Overall, fathers are more educated than mothers, reflecting the traditional educational gender gap.  

Families of science-choosers are exceptionally science-oriented.  Nearly 20% of the sample have fathers who are engineers, scientists, doctors or other "technical" occupations.
 This partially reflects the proximity of sample schools to science and engineering centers.  Still, an astonishing 81.8% of girls and 69.4% of boys said they have a close relative who studied science (n=91).  An equally high percentage ( 58.6%) of both boys and girls (n=87) have a close relative who studied medicine to the MBBS level..  Girls are somewhat more likely to have female relatives in science or medicine but over 50% of both sexes responded "yes" to this query (63 females, 46 males). 

English is a first language at home for 11.9% of females and 10.5% of males and it was listed as a second language by 73.3% of females and 38.5% of males.  An extremely high percentage of students (82.8% girls; 80% boys) said they watched television daily, although I did not ask whether at home or at other public places, such as schools or train stations.  This is high by all-India standards even today and certainly in 1989-1991!  The mean family household size reported by science choosers (both males and females) is five, and suggests, along with other data on siblings, that these students live in relatively nucleated families who adhere to national family planning program goals.

Variables reflecting features of patrifocal family structure and ideology were also examined for the sample of science choosers.  Here, the absence of statistically significant gender differences is rather striking, though consistent with the hypothesis that science girls come from less patrifocally-oriented families. [need comparison for non-choosers!] On the question as to whether students expect to be a major financial support for parents/own family after finishing their studies, males predictably respond yes (87.9%), at significantly higher rates than do females (chi sq. = .01).  But 61.1% of females had this expectation!  As for responsibility for looking after their parents in their old age. boys are significantly more likely to respond yes (chi square .03) But so do substantial numbers of girls, with 26.8% of girls (vs. 58.6% of boys) expecting primary responsibility and 51.2% of girls (and 37.9% of boys) saying they will "share" responsibility with others.  Only four girls among the 70 students responding on this question said  "someone else" would have responsibility.  Another six students [5 girls, 1 boy]  checked  "not applicable".  In short, most science choosers, boys and girls, expect natal family responsibilities.
 
On other measures of patrifocality, female science-choosers also resemble male counterparts. There are no significant differences between the age at which students intend to marry—and a substantial number of girls (27.6%) and even more boys (40.0%) say they "never" intend to marry .
  For those marrying, equal numbers of boys and girls expect to hold a job after marriage (54.3% vs. 50%),  although seven girls (no boys) said it depends on who they marry.  Over 80 percent of girls (78.4% boys) expect to go for a job after finishing their studies.  A higher percentage of boys (vs. girls) expect to live in joint families (16.7% girls vs. 46.2% boys), though this was not statistically significant (p.07).  Those who specified with whom (only eight students) anticipated living with the husband's family.  Surprisingly, there is no significant gender difference in family religious orthodoxy.

Potential measures of parental investment in sons vs. daughters were also examined although response levels were rather low.  There are trends in the extracurricular activities of boys and girls but no substantial difference in the degree of involvement.  Girls are more likely to do dancing and music and reading; boys more likely to do sports or science-related activities.  Surprisingly few students of either sex said they had tutors, but of those responding (8.3%), all are girls (36 girls, 17 boys responded).  Many students, however, receive help with homework at home: 59.3% of girls and 42.5% of boys responded yes on this question (n=99).  Unexpectedly, slightly more girls than boys receive help although it is not statistically significant. 

As predicted, families are less likely to send daughters than sons to reside in hostels at school.  Of the small number of students among science choosers residing in hostels while they attended school, all are boys [6/40, 0/60 girls), statistically significant at the .002 level.  These data are consistent with the theory that most families consider hostel living both too "dangerous" and "not worth" the extra expense for daughters (vs. sons). 

Virtually the only differences in the backgrounds of female and male science degree choosers is the type of school they attend.  A higher percentage of girls than boys come from municipal schools.  Among science choosers from private schools, there are equal numbers of girls and boys. Girls slightly outnumber boys in the Kendriya Vidyalayas, an interesting result which warrants further exploration. 
Given that nearly 40 percent of the female "science choosers" are from municipal schools, it is surprising that there are no significant gender differences in the socioeconomic and educational backgrounds or academic performance of the filtered science sample.  Municipal schools seem to have a variety of students, academically, economically, and in terms of science orientation.  These science students may come from more patrifocal families who despite the economic means, send daughters with academic potential to less expensive and less academically competitive (but gender-segregated) schools. 
Perhaps the most significant parallels are on the patrifocality indicators, especially of family obligations.  This suggests that girls who do pursue science are more likely to come from non-traditional patrifocal families, at least on some dimensions.  But family patrifocality, socioeconomic background, science orientation and family goals intersect in complex ways with decisions to pursue high-status, high-career opportunity academic fields.  In this context, class is powerful, even more so for females, but there are still additional factors at work.

Summary and Comments 

This chapter has evaluated the ethnographically derived theory of the Indian scientific gender gap by constructing and "directly" testing a simplified, constraint-oriented, occupational opportunity driven male-oriented model of science-related academic choices.  Using both 9th and 11th grade SAQ data, the model did an excellent overall job of predicting boys choices.  Results support the constraint-model of science-related academic choices and the postulated general hierarchy of academic preferences for males (science> non-science; within science, applied>non-applied; engineering > non-engineering).  Girls academic preferences tend to follow a different pattern, as expected.  The formal decision model, which assesses constraint conditions,  was able to predict several high school and college level academic choices with high accuracy, especially for boys.  

Consistent with expectations, and the confounding impact of patrifocality-related considerations on girls' academic pursuits,  the generic boys model did a poorer job of predicting girls choices, and errors were in predictable directions, especially selection of engineering vs. medicine paths.  Girls having the academic prerequisites (and, apparently, the economic means) for engineering, and for trying for IIT,  were much less likely to do so than boys.

On the other hand, the generic (male) model was surprisingly good at predicting girls choices and academic preferences.  Girls, in both the 9th and 11th grade sample, seem increasingly to follow the occupationally and science-oriented "male" model, selecting science in high school and then continuing at the college level, with a preference for applied over "pure" science.  Arts, though still much more popular among girls than boys, is no longer the preferred option for most girls in this sample.  

Comparisons of science-choosers and non-choosers, by gender, provide further insights into science-related academic choices, generally, and suggest conditions that allow or lead some girls to pursue science and engineering, despite patrifocality-related constraints.  Science choosers, regardless of gender, come from distinct and socio-economically and culturally elite family backgrounds.  Class clearly plays an enormous role in all educational decisions, judging from total sample income and family background data.  But it plays an even more profound role in science-related academic "choices" for both genders, even more so for girls than boys.  Yet patrifocality, or rather, some aspects of the patrifocal family model, also exert a distinct influence.  Within the samples of science and non-science choosing girls, there are striking variations in several patrifocality-related measures, most having to do with future economic activity or responsibilities for parents after marriage rather than sexuality-related dimensions, such as arranged marriages or inter-gender contacts.  Clearly then, factors beyond "individual" student preferences, abilities, or psychological states (math anxiety, gender identity issues) are impacting girls participation in science and mathematics, generally, and in engineering, specifically.

Finally, this chapter illustrates the complexity of processes, cultural models, and socioeconomic and academic factors that are involved in academic decisions and which underlie the diversity of student outcomes and choices, both within and between genders.  The complex interrelationships suggested here (and in the ethnographic phase) warrant further exploration using materials in the SAQ data base as well as ethnographic data.  The findings here suggest ways of refining and expanding the model, further exploring the conditions which both allow and motivate some girls to pursue science paths.

OTHER POINTS WORTH MAKING:

data consistent with student choices guided by long range plans vs. immed. subject interests

few students say don't know, boy less than girls

student choices [e.g. subject preferences] guided by future college or even post-college goals

strikingly clear for 9th grade [not just 11th grade] students.

cultural models contain, among other things, a sequence of steps one takes to reach a goal.

may want to elaborate multi-dimensional pff, espec. family oblig. vs.arranged marriage

Non-science: commerce vs. arts; & multiple models for boys: c>s; for girls, s>c for occ. oriented girls still seems to hold, but don't have markes/econ. means; Arts for wealthy brats and academic & econ. weak students.

Gender Differences/or not/in likes/preferences; self-assessments of abilities, hard work etc.: could be a separate article.

PROBLEMATIC ASPECTS:

lower grades of females, espec. in math, even sci-choosers; NOTE: I've really ignored the differences in MARKS especially in maths and need to broach that issue someplace. Here...it comes up again in Ch. 3.

any evidence of family input?

note: Formatting: widow-control for footnotes is currently off.  Want to turn on?

� The complexity in modeling decisions involving multiple decision-makers is another issue not addressed in the early literature. See Mukhopadhyay 1980, chapter 1, for an overview of this problem and other issues in applying ethnographic decision modeling approaches. 


� Studying academic decisions in India is perhaps best approached through interviewing both adult family members and students. On the other hand, my data suggest students tend to internalize family goals in complex ways that defy any simple dichotomy between "individual" and "collective" decisions, goals or "orientations". 


� Nor do the "flow-charts" claim to represent actual "cognitive" processes of informants nor all relevant decisions or considerations.  Rather, they aim at a culturally plausible, albeit overly general and simplified, representation. 


� All graphics are at the end of the chapter, following the text.


� Indian education is both more and less centralized than the United States.  India has a central government "curriculum" and centrally administered schools [the "KVs"]; yet there is substantial regional variation at pre-university levels. 


� It is apparently common for individuals to obtain multiple bachelor and master degrees in different subjects. This may be more common for women than men, since going to school has been a relatively respectable and even admirable activity for some unmarried women, especially compared to employment.


� Not all schools offer all "streams" nor all possible "subjects" within each stream, another factor in selecting a school.


� There were 5 IITs at the time of this study (Bombay, Delhi, Kharagpur, Kanpur, Madras). A 6th in Assam has since been built.


� JEE scores determined the order in which students were allowed to "select" a branch and campus. Since slots are limited, the higher the rank, the more likely a student would get the preferred 'branch' at a preferred campus.  The lower the rank, the less that was available to select from.  For mid-range students, this involved elaborate trade-offs between "going for" a "good branch" such as electrical or mechanical engineering at a lower ranked campus or prioritizing a "good" campus, taking a lower branch [e.g. aeronautical] and hoping to be able to switch to a higher branch after the first year.  The rankings of "branches" or engineering fields and, to a lesser extent campuses, shift over time, again, apparently based on "scope" of the field, which includes both occupational opportunities and opportunities to go abroad [for graduate school and ultimately better employment opportunities].


�  I remind readers that the theory assumes families, with varying degrees of input from students, are key educational decision-makers and that family goals and considerations guide the academic decision process.


� "Minimum" marks are set by educational governing boards; higher marks can be required to actually obtain a "seat", especially for desirable institutions and when there is no separate entrance exam.


� Recent "liberalization" and "globalization" of the Indian economy, especially the growth of the private, business sector, has undoubtedly affected the current occupational opportunity structure in India and, hence, if my theory is correct, the preference orderings among subjects and institutions. I have some evidence that this is indeed occurring. 


� I add "niece" because nuclear family members are not the only ones involved in such decisions.  Academic career histories show substantial input from other family members, including financial assistance, even when a girl's family is relatively nuclear, judging by household composition and other data.


� Boys educational decisions, with their occupational implications, also affect their desirability as grooms.  And is part of a family's obligation to see that sons are also "well-settled" in marriage.  But boys marriages seem to be more "taken for granted", or, at least, less ambiguously linked to educational and occupational success. 


� Academic streams lead to college and the type of "office jobs" that are both socially safer and more prestigious than most vocationally-oriented jobs.  This may be changing. 


� These are related.  Employers "won't hire girls" partially because of the "socially inappropriate" setting of such jobs, such as the predominately male workforce and working conditions which require "going out at all times of the night".  


� "Proximity to the home" has been a prominent theme in anthropological theories of the sexual division of labor. Intriguingly, the considerations here are lower "social" risks and  educational costs, rather than reproductive or productive efficiency.


�  These models approached intra-cultural variability primarily as a "surface" manifestation of an underlying shared "generative" cultural model.  From this perspective, shared "ideal" cultural models could be legitimately "tested" on hypothetical "scenarios" rather than against reported or observed behavior.  Introducing diversity and multiple cultural models and trying to predict actual behavior makes things much "messier".


� The decision process I have studied, too, is much more complex and occurs over a lengthy time period.  My research choices, however, have been guided by their relevance to gender theory rather than their amenability to being "modeled" (e.g. household allocation of labor; science-related academic decisions).


� In some cases pre-selected response categories were used, but with the option to write in additional reasons.  Others were open-ended.  The specific wording varies with the science-related decision.  See SAQ forms in Appendix A1.


�  Other portions of the SAQ provide systematic socioeconomic data on students; these are used in subsequent "indirect" tests of the model.


� At the time, this seemed the most effective way to elicit, on a written questionnaire, a wide range of decision criteria, especially from non-science-choosers; and to also identify social criteria affecting female students.  I also hoped that open-ended questions on an anonymous questionnaire would facilitate honest responses on questions dealing with economic or academic constraints. My earlier face-to-face interviews with non-science choosers had  been embarrassing to informants and informationally unproductive and unreliable.  In retrospective, pre-structured responses probably would have produced higher response rates. 


� In retrospect, so many conditional statements on a written questionnaire, administered largely by assistants or teachers,  proved confusing to students, especially 9th grade and 11th grade non-science students. As will be seen shortly, this format reduced the size of the samples available for direct tests of the model.


�  The 11th grade SAQ sample is larger and contains more detailed choice data for directly testing the ethnographic decision model than the 9th grade sample, although both are treated here.  Chapter 3, the indirect tests, utilizes only the 11th grade sample.  


� One 11th grade English-medium Bangalore municipal school science section is excluded from this SAQ analysis because students were mistakenly given the 9th grade SAQ form. See Table 1.1 in Chapter 1 for detailed information on the entire data base.


� Future analyses may look at school-types separately.


� Of 11 science sections in the sample, 7 are coeducational, 3 all-girls, one all-boys.  In contrast, none of the eight Arts sections is from the all-boys school while three are from the all-girls schools and five from coeducational schools Of the six Commerce sections, three are from coed schools, one from an all-boys and two from all-girls schools. Fortunately,  as noted earlier, the Bangalore all-girls sections contain equal Arts and Science sections (three each) with two Commerce sections.


� I noted earlier we had been told all sections in the sample were "academic" and not "vocational". streams.  Yet 80 students marked this option. Most planned to attend college (61/70 responding).  It may be a semantic issue. 


� The Academic Stream data primarily reflect  the original sampling criteria and the slight over-sampling of science sections described earlier. Yet college level preferences are as predicted.


� Because Academic Stream data include so many all-girls schools,  I examined coeducational schools alone, looking at the proportion of males and females in each of the three academic streams, for all coeducational schools and for each individual school.  Patterns resemble the entire sample data.  At coeducational high schools, 59.6% of all science stream students are male and 40.4% female.  In commerce sections, students are 54% male and 46% female.  But females are 64.4% of all arts students, only 35.6% are male.   The same patterns hold for different sections within a single school.


�  This is partially a result of some questionnaires reflecting college degree information from only science stream students.  See chapter 3 for more details. 


� Again, the relatively low response rate on this question (n=604), partially reflects instructions to non-science students. Yet, the under-representation of non-science oriented student should affect both sexes. 


� Some conditional "if-then" questions build in constraints.  They were designed to prevent a student from responding on questions where prior conditions had not been met, such as an art stream/degree "planning to go for IIT".  But since all students received the SAQ, any student could answer that question.  And conditional "if-then" questions can be confusing.  Having all students answer all questions would have lengthened the completion time and made processing the data complex, given computer technology available at that time. 


� SPSS Windows (e.g. version 6.1) offers a "filtering" procedure useful for this type of analysis. By writing "select if" syntax, you can create a sub-sample which meets specified conditions on multiple variables. In essence, you can specify the "path" hypothesized to lead to each outcome and compare the actual behavior of the sub-sample to the predicted outcomes. This  is extremely useful if we are to test our decision models on large numbers of individuals, where running the model "by hand" is not feasible. You can also examine error cases (individually & collectively), compare correctly predicted to incorrectly predicted sub-samples, using other variables/data in the file. You can also move backwards on the path, examining prior decision points and sets of individuals who selected alternative paths. This, then, is the general procedure followed for the "direct" tests segment that follows.


� Decision tables can be used instead of flow charts to represent the "paths" [sets of conditions & choice points] leading to outcomes.  See Bernard 1988, Gladwin 1989, Young 1980 for examples.


� Data on economic and academic "constraints" [family income, grades] exists elsewhere in the SAQ and is used for more 'indirect' tests.  Originally, I wished to stay with informants own assessments of constraint conditions, elicited in relationship to questions on choices (see Mukhopadhyay 1980), rather than introducing more external measures.


� The SAQ includes some open-ended requests for "reasons" for decisions but few students responded, perhaps because the questionnaire was rather long and this required some thought.


� The specific syntax for the "Go for IIT" filtered sample of students consisted of:  filter_go-iit=(stream = 1 & academic = 1 &  college = 1 & engsubj = 1 &  iitmarks = 1).


�  This is strict standard for this type of questionnaire.  "Missing values" or "don't knows" probably increased on conditional "if-then" questions.  Some section were reportedly uncooperative and tended to have more missing values.


� The question asking students to project whether they would have the marks to try for IIT was the most problematic, with 53 "don't knows" (22 boys, 31 girls). In testing decision models, using either "future projections" or "past events" can raise issues of accuracy and interpretation.


�  This seems to reflect cultural factors, and the greater contingency of girls' educational paths. On other questions, such as parents occupation or income, girls do not seem more inclined than boys to respond "don't know" or to not answer the question. Unfortunately, this is no easy way to handle "don't knows" in direct tests of decision models, especially using SPSS.


� Three other students  (2 males, 1 female) selected "don't know" and three students did not respond on this question The chi-square is .09 although several cells are under 5 and hence this is not really an appropriate statistic. 


� Only one student, a male, gave a reason for not taking coaching,  that it is "useless".  No mention was made of the expense of tutorials.


� The chi-square is only .21, due partly to small expected values.


� Of the 50% errors, 33% chose medicine while only 16.7% chose the B.Sc. "pure" science degree.]


� The fact that all students who CAN are going on in science is particularly interesting since this is NOT the case in the United States.


� Essentially, I simply removed one filter, "having the marks for IIT".  Again, any "don't knows" or non-responses eliminated an individual from the filtered sample.  There is overlap between the IIT sample & this since all students in the IIT sample are in this one also.  This will be true of subsequent "less filtered" samples as well.


� Two of three boys selecting "other" degrees plan to attend the National Defence Academy, somewhat comparable to our military academies. "Other" was originally the response of 18 students.  Where possible, "others" were recoded from student descriptions. Most were going for two degrees, usually medicine and engineering/technology and were recoded as the higher ranked degree. Students clearly prefer the  current 4 subject (PCMB) "dual-strategy" mode.  This is the most frequent option selected  by science students in both the unfiltered and filtered SAQ sample. In the unfiltered sample, of the 366 students responding,  255 or 70% were in the PCBM option;  49  (13.4%) in PCM and 35 (9.6%) in PCB.  Of the 27  students who put "other", 23 were girls from MLA who had a PCM plus "computers" option (re-classified with PCM). 


�  Only 1 of the 241 students in this filtered sample selected a non-science college degree.  Predictably, she is a female who intends to get a B.Arts and then a teaching degree.  Five students replied "other" with no explanation. The science attrition rate between high school and college seems lower for Indian than American females. This warrants more systematic comparison.


� Unfortunately, nearly two-thirds of the students, disproportionately male,  provided no response on this question


� These expressions of "individual preferences" should be interpreted cautiously.  See chapter 4 on this matter.


� Following the decision table in Table 2.3, a new filter variable ("go-scien") was created using the syntax: select if: stream=1, academic=1, College=1. The filtered engineering sample is essentially enlarged here  to include students who lack the prerequisite engineering subjects (i.e. math). 


� Twenty-four students originally put "other" and 21 (all 12 boys; 9/12 girls) specified which degrees. In most cases they were dual science options (e.g. medicine and engineering).  All 9 girls & 9/12 boys could be recoded as "science" degrees. Two boys said "NDA" and one simply "PhD". Three girls didn't respond.


� According to informants, students from higher ranked streams (e.g. science) can enter lower ranked streams (e.g. arts) but not vice-versa.


� Science stream students responding "don't know" on "going to college", were excluded from the sample.  Interestingly, they are less likely to pursue science degrees, should they go to college, and more likely to be female.  Of 28 who responded "don't know",  7 selected Commerce for college degrees, 3 Arts, and only 9 Science. Perhaps their uncertainty is marks-related: parents may refuse to let students go  to college unless they can get into a science program.


� The small number of boys in this sample partially reflects the smaller percentage of boys who pursue Arts degrees at the pre-college and college level. In addition, some non-science sections were given instructions not to complete the college degree choice section of the SAQ. Generally, the  overall SAQ 11th grade sample is over-weighted with girls (see earlier discussion of sample selection), and with girls from all-girl schools having somewhat lower income levels then the total sample.  As we will see shortly,  science and engineering students in this database tend to come from educationally and economically-elite families. We may be seeing the intersection of class and gender factors here. 


� The male arts stream sample is only 2 students. Neither chose arts: one marked "commerce" , the second "other" 


� It is not quite statistically significant (chi square .055).   Non-responses were higher among boys than girls (10.7% vs. 6.5% ) and virtually all female Arts students responded.


� More research is needed on alternative cultural models of school going, especially among non-academically elite families, such as business and emerging middle class families.  My expectation is that patrifocality-related considerations also guide family educational decisions for girls in such families (cf. Derne 1995.  Interestingly, commerce stream girls here seem to prefer the science-oriented "male" model more than boys, but lack the grades for it.


� I treated each response category as a variable with 2 values: yes (selected) and no (not selected).  I could then run cross-tabs, by gender, on each item, comparing the proportion of all boys and  all girls who selected each response.  The "total" is slightly larger than the sample size (249 vs. 214) because some students put more than one response.


� I was somewhat surprised by arts students responses here, given what informants told me.  Some students, especially females, may plan to teach and see it as having better job prospects, especially for girls.  


�  I did not explore in detail the "go to college" decision. Most students in this sample say they plan to go to college, with no significant differences between science and non-science streams.  Gender differences are significant only among science students (p. 02) where boys are more likely to respond "no" and girls more likely to say "don't know".  The SAQ did not ask and few students volunteered reasons for their decisions.


�


Category�
total�
females �
Males �
�
Means to End [job, career, pragmatic considerations]�
144  [59.8%]�
84 [60.4%]�
60 [58.8%]�
�
Preference/Interest in Subjects*�
94 [39.2%]�
53 [38.1%]�
41 [40.2%]�
�
Family Decision�
 3 [1.2%]�
 2  [1.4%]�
 1 [1.0%]�
�
TOTALS�
241�
139�
102�
�



� I have not focused on gender differences in the non-IIT sample since the male and female samples are not fully comparable and there are few significant gender differences.  It is notable that males respond significantly more positively on chemistry, physics, and, to a lesser extent, higher maths.


� In Chapter 1 I note that American models emphasize both mathematics and girls deficits rather than their proficiencies. 


� There is some evidence this is true also in the United States, especially among engineering students (cf. Adelman 1998).


� A fascinating question is the impact of traditional Hindu/Brahmanical notions of "purity and pollution" on the decision to pursue fields such as medicine and biological research; especially how so many Brahmins have overcome what would appear to be rather severe cultural constraints on entering these fields!


� These SAQ tap attitudinal variables measured in many American and Western tests.


� Some fathers categorized as "administrators" may have engineering backgrounds.  This somewhat parallels American data showing women engineers tend to have fathers who are engineers. mothers as well?


� This came up in my ethnographic data, and may affect the choice between engineering and medicine.  Of course, academic and economic constraints apply but, as we have seen here, and will see more fully in chapter 3, these are also profoundly part of one's social inheritance.  Interestingly, none of the girls' fathers are doctors (vs. 2 boys).  Boys fathers are more in business-oriented occupations and somewhat more in administrative or clerical service. 


� At the time these data were collected (1989-91), the dollar exchange rate ranged from 14-20 rupees per dollar. The rupee has dramatically declined in value since that time.


� Statistical analysis of the full 11th grade sample, by gender, produces a chi-square of .005 (two-tailed). The mean income for girls is 3303.95 (s.d. 2377.25, n=454) and 3827.00 (s.d.2325.55, n=245) for boys. Similar differences are found using the cruder categorical measure of  income.


� Ethnographic data suggest very wealthy families do not anticipate any NEED for such help, even from boys.  The girls response is particularly intriguing.  Here, demographic information [siblings] would be quite useful.


� The remainder responded "don't know".  For girls, at least, issues of "coeducation" must sometimes be traded-off with academic rigor of the institution.  This can work both ways.  Gender differences in responses may also reflect that more girls in the sample than boys attend single-sex schools.


� Household size is somewhat larger for the entire sample, 5.3 (n=823), and more so for girls (5.4 girls vs. 5.2 boys).


� All 11 schools are in the 11th grade sample. One of the 11th grade Bangalore schools was a PUC with only 11th grade students. See Table 1.1 in chapter 1 for further detail. 


� One elite private coeducational school in Delhi inadvertently received an SAQ version lacking pages 3 & 4, with most academic choice and some attitudinal questions.  Student responses are coded  "missing values" on these questions, excluding them from much of the following analysis.  However, I do have family background, subject marks, and ideal occupational choice data for this section and this is included where appropriate, as in comparing incomes of students in private vs. municipal schools.  


� Sex ratios in municipal schools are more difficult to calculate since they are single-sex schools. However, the Delhi municipal school shares the same physical site; here, the boys section is smaller than the girls section. This may also reflect different school attendance rates.


� For readability, I do not continuously remind readers in the text that these data represent what students "say", "report", "respond" and that these are projected rather than actual choices.  Some SAQ questions, as in the 11th grade SAQ, are "if-then" science-related constraint questions.  In theory, this should partially "filter" students as we move along the science path on the flow chart.


� This is consistent with other 9th and also 11th grade data. Girls may feel they have less choice in the matter; alternatively, or perhaps concomitantly, families take less interest in girls academic careers as long as they follow paths that are socially (and economically) viable. A number of students selected "others" but apparently misunderstood the question, writing in careers rather than streams (e.g. engineer, law, psychology). Perhaps, these students do not yet fully connect the senior secondary streams with particular careers. 


� Once again,  9th grade students, especially science students, and especially boys, seem to make long-term academic plans, at an early age, as indicated in small percentages of students answering "don't know".  This reflects, I would argue, the family's involvement in such decisions.


� The SAQ wording deliberately focused on science stream students and their college-related science choices. This skews these data towards science choosers but should not affect the gender comparisons.


� Overall, my model predicts lower continuation rates for girls on the assumption that economically marginal families would favor boys over girls education (assuming they have boys).  This sample, as we will see, is well-off financially and may not be faced with such choices.


�  Using filtered samples reduces sample size significantly, for valid, structural reasons as well as due to student non-responses on a single item. These are the trade-offs.  The college degree question was answered by 259 students; far fewer made it into the filtered sample, mainly for structural reasons.


� The specific 9th grade SAQ variables used to create this sample are: (continue to HSS, have marks for academic stream, take academic stream, have marks for science stream, take science stream, and continue to college).


� This may sound more "oppositional" than I intend.  My point, in contrast to classic American math-oriented "deficit" females of the scientific gender gap, is that students often "choose" subjects, like math, because it is necessary to pursue a longer term goal, regardless of whether they LIKE math.  The obverse applies.


� All-girls municipal schools may be less likely to offer the PCMB option than boys municipal schools or coeducational schools! This warrants further examination, first looking at the stream subject choices of girls from municipal vs. other school types.


� I almost put "subordinate" personal goals.  But the term carries a heavy Western load, implying opposition between individual and group desires, goals, pleasures, that does not seem appropriate for to my data.  The image of doctors/medicine as "serving the people" is not confined to girls.  However, boys in this sample don't cite it as a reason for their own choice of fields.  Longer boys narratives would, I believe, show they also pursue particular "jobs" out of concern for the family, as a larger social entity.


� Thus students need not have responded, or responded appropriately on the academic stream and school continuation questions.  


� These figures are the same as those in the flow diagrams. A slightly more rigorous test could filter for "yes" on the prior question which asks whether you think you'll have the marks for the science. The two samples overlap and outcomes are similar. I examined these data also. Of 177 students in this sample, 163 or 92.1% planned to select the science stream. 9/177 (5.1%) say no; 5(2.8%) say don't know.


� Two boys opt for  commerce, 3 for arts, and 4 "other" (unspecified). Girls select arts slightly over commerce (3 arts, 2 commerce). Two students didn't respond or said 'don't know".  The small number of  non-science choosers in this filtered sample preclude systematic comparisons of choosers and non-choosers.


� For logistic reasons, non-math/pure biology science stream students are excluded from both sub-samples, along with non-responders, those answering "don't know", and the one section missing pages 3 & 4. [check]. The total sample is larger than the sum of the Science & Non-Science samples.


� Income data is always a problem. I was pleasantly surprised that most 9th & 11th grade student rupee estimates seemed reasonable & fairly reliable and generally paralleled the categorical data. Among 9th graders, most students put "middle" or "upper middle" class even when rupee estimates seemed to be "quite high" or, less often, "below middle". 


� I examined similar data for a less filtered, larger sample of science stream choosers,  those who responded yes, if they had the marks for science, they would choose a high school science stream. This sample, as expected, is a less "elite" version of the filtered sample, on all variables. Examples: Income: 3346.42 rupees (2185.9), n=124;Income category: 2.48 (.76), n=138; Math Subjects (71.8, n=139); Science: 68.4 (16.8) n=136; Social Studies: 72.0 (15.4), n=135.


� As noted earlier, the value of the rupee at the time of these data fluctuated between 12 and 20 per dollar.


� I asked about family members living in the household so as to exclude household servants, especially in wealthier families. Western-oriented survey questions are often difficult to interpret. 


� The SAQ asked students for their exam marks & total marks available since total marks differs across schools and subjects. I then calculated the percentage marks from this data, giving me a standard measure.


� Among female non-science choosers (n=135), equal numbers (26.7%)  select arts and commerce but over one-third of the sample put "don't know".  Ten students selected "other".  Few male science-choosers but "don't know" (14.3%) while 32.7% selected commerce, 28.6% Arts and 24.5% "other".


� Among female non-science choosers (n=135), equal numbers (26.7%)  select arts and commerce but over one-third of the sample put "don't know".  Ten students selected "other".  Few male science-choosers but "don't know" (14.3%) while 32.7% selected commerce, 28.6% Arts and 24.5% "other".


� It is interesting to think how female employment can reinforce, as well as challenge, patrifocality.  For example,  choosing a less patrifocal "female" but more occupationally lucrative field like commerce [or Engineering] over arts can eventually enable a girl or her family to adhere to patrifocality in other ways, such as providing "dowry". 


� The large number of female "don't knows" is also worthy of exploration.


� Throughout this study, I have tried to focus on within-gender choices because of the difficulty of "matching" male and female samples.  But it is difficult not to make such comparisons.


� The full data follows: private schools (n=63) is 5327.78 rupees (s.d. 3438.48).  For municipal school students (n=115), mean = 2289.56 (s.d. 1706.26). KVs:, 3164.47 rupees (s.d. 2128.15), n= 97.


� Standardized testing is the norm in Indian schools partially because schools tend to follow one of a limited number of standardized curriculum.  For example, the central government schools (KVs) follow a standard curriculum and take comparable tests. There are also state level curriculum. A school, such as the non-KV school on the IIT Madras campus, can choose to follow one of several curriculum, including the central government or Tamil Nadu alternative. 


� Mean income for the sample of  girls (n=92) is 2510.32 (s.d. 1798)  whereas it is only 1406.52 (s.d.835.34) for the small sample of  boys (n=23).


� It is interesting, but not surprising, that girls constitute only 26.2% of the 42 students in the 9th grade section the very expensive, elite, Delhi private school


� This percentage would be even lower if the Delhi 9th grade private school science choice data had been available. Other data on these girls, including occupational preferences, clearly shows they are very science-oriented, like their 11th grade female (and male) counterparts.  This 9th grade data is included in total sample statistics on  income, marks, and school type.


�  These categories were created from open-ended responses by students. In retrospect, using student descriptions, though emically "correct" complicated the summarizing and comparative processes.


�  These are intriguing and partially influenced by demographics, including absence of sons.  Key informants also report that some wealthy families have no expectation of help from grown children.


� These are fascinating responses.  It would be very interesting to have comparative data from the United States!





