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1.Introduction

The issue of gender segregation in higher education is receiving increasing attention in sociological research, for at least two reasons. First, it is a key to understand vertical and horizontal gender segregation in the labor market. For instance, it has been estimated that the choice of fields of study explains between 25% and 50% of the gender income gap among college graduates [Bobbitt-Zeher 2007]. Throughout the second half of the 20th century, western countries have experienced an impressive growth of female participation to secondary and tertiary education. This trend has been paralleled by an increase of female participation to the labor market and, more generally, by the incorporation of women in the public sphere. Yet we are still a long way far from gender parity in the labor market, even in the case of women who reach the highest levels of the educational system, and gender segregation figures among the prominent causes of lingering inequality [Jacobs 1996].
There is not just an equality issue at stake, however. The limited access of women to some scientific faculties results in their underutilization as a human resource for social and economic development, particularly in the light of recent research indicating that in Oecd countries gender differentials in mathematic and scientific ability are small, or even negligible, in recent cohorts [Oecd 2006]. Hence, gender inequality in the educational and in the occupational arena goes hand with a sub-efficient allocation of human capital, and this is a second reason why gender segregation in higher education is important to study. In sum, a more balanced gender composition of college majors
 is a target for educational policy that can be justified both on equity and efficiency considerations.

Empirical research indicates at least three well-established findings. First, it is well-known that the gender unbalance in higher education is patterned along a scientific divide. Indeed the sociological debate, and perhaps even more the public debate, have devoted particular attention to female under-representation in scientific fields [Ramirez and Wotipka 2001]. However, it is less clear whether this scientific divide “tells the whole story” about gender segregation in higher education: the analyses that will be presented in this work document that it accounts for no more than one-half of the association between gender and college major in recent cohorts of tertiary graduates. It will be shown that the degree of gender unbalance is highly varying within scientific faculties, as well as within humanistic faculties. These findings are easily understood once we posit the existence of a second, and no less relevant, gender divide in higher education that will be described as the “care-technical divide”. Hence, the first purpose of this paper is to show that an adequate description of gender segregation requires a bi-dimensional representation of the qualitative pattern of association between gender and fields of study. Drawing on the theoretical literature about the underlying micro-mechanisms of gender segregation, I will develop a topological loglinear model showing that these two dimensions account for more than 90% of the association between the two variables in all countries under examination. 

Here comes our second research issue. Another well-established finding of empirical research is that gender segregation is a universal feature of institutions of higher education. In particular some large-scale comparisons have established that the scientific divide can be observed everywhere [Ramirez and Wotipka 2001; Smyth 2002]. However, these studies also document several substantial differences between nations in the degree of female under- or over-representation in specific academic specialties. The degree of cross-national similarity and variation of gender segregation at the tertiary level still remains an open question. In this respect Charles and Bradley [2002] stress an important distinction between the overall degree and the detailed pattern of association between sex and fields of study: the former refers to the intensity of the association between the two variables, while the latter refers to its qualitative structure. We may observe an overall similar level of gender segregation in two countries that sharply differ in the pattern of gender segregation. Charles and Bradley (2002) use this distinction to claim that both the levels and the qualitative contours of gender segregation in higher education reveal substantial international variability. As the topological loglinear model that will be developed is precisely a theory-driven, parsimonious description of the qualitative pattern of association between gender and college major, we are in a position to test their claim concerning the qualitative dimension of gender segregation. Moreover, it will be suggested that the so-called unidiff loglinear model (Xie 1992; Erikson and Goldthorpe 1992) is a proper tool to assess variation in the overall level of gender segregation across nations. The core finding here is the noticeable degree of constancy emerging in both respects across eight countries (Spain, Italy, Austria, Germany, Holland, Czech Republic, Norway and Finland) selected to represent a large variety of arrangements of educational, labor market and welfare institutions.
The third research issue of this work concerns variations across time. The previous literature suggests unequivocally that some de-segregation has occurred in the course of the 20th century in several western nations, and this trend has weakened to some extent also occupational sex segregation. For instance, a few decades ago some liberal professions were an almost complete monopoly of males, while now they display a more balanced gender composition [Reskin, Ross 1990]. However, while some scholars claim that de-segregation is a long-term continuous tendency that “slowly but surely” develops throughout the 20th century [Ramirez and Wotipka 2001], others find indications of a remarkable slowdown of this trend in the ‘80s and ‘90s [Jacob 1995; Bradley 2000]. If this is the case, there is little reason to be optimistic that further educational expansion will result in large reductions of gender inequality in the occupational sphere. The statistical analyses that will be presented in this article point to a generalized stagnation of integration of college majors since the ‘80s.  Taken together, these results suggest that gender segregation has stabilized in recent decades to a very similar level and qualitative pattern in European countries. Its noticeable degree of temporal and spatial constancy, as well as the detailed examination of its qualitative pattern that will be undertaken, suggest that cultural forces underlying gender segregation are highly resilient, not the least because they are sustained by structural developments in educational and occupational institutions.
2. Theoretical framework: culturalist perspectives
The standard sociological explanation of gender segregation refers to widely shared beliefs about “natural” inclinations and innate abilities of males and females [Charles and Bradley 2002]. The internalization of these sex stereotypes represents a crucial step in the formation of traditional gender identities. Throughout upbringing children are bombarded by parents, teachers, counselors, peers and the media with deeply embedded expectations about what constitutes a suitable behaviour according to gender. Once a child accepts membership in a gender category, (s)he comes to adopt aspirations and goals appropriate to his or her gender role, including educational and occupational preferences that shape the choice of college major [. 

Hence, girls read more often than boys in their spare time and prefer humanistic subjects; they appreciate topics and activities mobilizing empathic and aesthetic skills, rather than “masculine” qualities such as rigor and formal reasoning. This kind of cultural influences represents a standard explanation for the well-known gender scientific divide in education. However, the literature about gender segregation in higher education has stressed also that internalized sex stereotypes emphasize the nurturing role of women and their “natural predisposition” to care activities [Charles and Bradley 2002; Charles 2000; Jacob 1995]. This observation is often raised, for instance, to make sense of the female concentration in nursing or social work courses which explicitly prepare for care occupations. However, given the pervasiveness of sex role socialization, it may be expected that female students develop a more general preference for «fields characterized by functional or symbolic proximity to the traditional domestic role» [Charles and Bradley 2002: 102]. From this point of view we could expect a female preference also for faculties like pedagogy, psychology or medicine that lead to skilled jobs characterized by symbolic affinity with traditional female roles. But we may take this reasoning one step further. One could suspect that socialization practices influence educational decisions also in a more subtle and indirect manner, that is to say they affect second-best options. For instance, a girl may develop an interest for history at high school and she may well choose to study history at the university to become a historian; however this is not a very feasible occupational destination, therefore several history graduates end up teaching in secondary education. A similar point applies to graduates of many other humanistic faculties as well; but it can be made also for some scientific faculties like mathematics and biology (see appendix 2). Given the symbolic proximity of teaching to traditional domestic roles, girls should be more prepared to consider this kind of job as an acceptable expedient, while boys regard it as a typical female, low-status occupation and they aspire to more “masculine” (and better-paid) jobs. Interestingly enough, a girl who chooses to study mathematics at the university has a “deviant” preference for a scientific faculty. At the same time, this girl is faced with the concrete possibility to become a teacher: to the extent that she is more willing than a boy to accept this compromise, both students are performing a rather traditional, gender-stereotyped script. 
In short, there are fields of study that explicitly prepare for care jobs (e.g. social work), others preparing for jobs that preserve an indirect symbolic affinity with care jobs (e.g. medicine), and yet others that can lead to a care job like teaching as a second-best option. In all these cases, the internalized female preference for care activities could be at work, albeit with varying intensity. This may be an important point once we consider that the “ability barrier” that was limiting female access to scientific faculties has almost completely vanished in recent cohorts. For instance, results from PISA and TIMSS indicate that gender differentials in mathematic and scientific literacy are almost negligible in the large majority of economically advanced countries [Oecd 2006]. This trend may open room for some de-segregation, but the previous argument implies that not all scientific fields of study will be equally appealing to females: those entailing stronger direct or indirect connections with occupations that fit into traditional gender stereotypes will score higher in their educational preferences.  

The efficacy of socialization practices should not be over-estimated.  After all, many girls graduate in economics or law and access managerial jobs or liberal professions that have little, if any, symbolic proximity with traditional female roles. However, there are good reasons to expect that sex stereotypes are highly resilient and pervasive, once we consider that they shape individual preferences and “inclinations” through countless daily activities and experiences [Martin, Halverson 1981; Alexander 2003]. Female infants are provided with dolls; they develop a particularly strong identification with their mothers, and later on with maternal figures of early childhood, such as (female) teachers in primary and pre-primary schools; girls are more often asked to take care of younger brothers or sisters; at school they are assigned to activities that prelude to domestic roles; when they grow up, they are more likely to participate in voluntary organizations, to work as baby-sitters, to give assistance to younger students. The socialization of boys, on the other hand, privileges toy vehicles or construction games; the identification with paternal figures emphasizes the occupational roles of their fathers who are artisans, technicians, skilled manual workers more often than their mothers; at school boys are oriented towards manual activities such as small craftworks; when they grow up, they prefer computer games and other activities mobilizing technical skills. Hence, while girls are more likely to express a preference for care fields, boys should have a positive bias towards technical disciplines.
It should be recognized, however, that other explanations have been proposed to account for gender segregation. Social control has been proposed as a supplementary mechanism behind divergent educational paths of males and females. Jacobs [1989, 1995] claims that sex-typed socialization is insufficient, by itself, to keep men and women on separate educational and occupational paths. Internalized preferences are effective to the extent that they are sustained by external pressures, that is to say by subtle forms of discrimination and social controls that directly channel women into female-dominated fields. Unfortunately, it is rather difficult to document the existence and efficacy of such social control practices. For instance, Mastekaasa and Smeby [2004] find no empirical evidence that girls and boys who opt for gender-atypical educational programmes receive less encouragement from parents, but they suggest that the actual social pressures at work may be rather complex and difficult to detect
. For the issues at hand, it should be emphasized that social control is conceived as a reinforcement mechanism that reproduces gender segregation along the lines described above. A similar observation can be made for Kanter’s theory (1977) of tokenism claiming that minorities, like female students in predominantly male fields, are not perceived as individuals but rather as representatives (“tokens”) of their category. Members of these minorities are therefore subject to stereotyped social categorization, tacit discrimination or explicit hostility. However, empirical research provides poor support to this hypothesis (Mastekaasa and Smeby 2004; Reimer and Steinmetz 2007). At any rate, also in this case we are dealing with a supposed reinforcement mechanism that could strengthen the pattern generated by socialization practices, rather than change its qualitative contours.
A final point is that sharply different predictions concerning cross-national and cross-cohort variations of gender segregation may be derived from the culturalist approaches discussed in this section. Functional and neo-institutional theories predict, although for partly different reasons, a weakening of traditional forms of socialization, social control and of discrimination, in the context of a generalized decline of ascribed inequalities in contemporary societies. If this is true, a long-term trend towards de-segregation is to be expected. Moreover, countries characterized by a more institutionalized tradition of gender parity should display lower gender segregation.  A comparison between Scandinavian and Mediterranean nations should be rather telling in this regard. 

Against this background, Charles and Bradley (2002: 575) argue that sex-segregation is highly resilient, given that gender stereotypes that sustain and maintain it are particularly resistant to change. Such stereotypes are compatible with mandates for gender equality, even in contemporary societies emphasizing the principle of equal opportunity, because they are easily reconciled with an “equal but different” conception that finds widespread social acceptance, even in some feminists’ theories. According to such conception, a formal gender parity is compatible with the existence of natural differences of talents and inclinations between males and females.  In other words, gender stereotypes are resilient also because they are not perceived as necessarily discriminatory. For this reason gender segregation in the educational sphere may be perpetuated also in contemporary societies that delegitimize ascription.
Moreover, the literature on labor market segregation indicates that post-industrial occupational structures are likely to exacerbate concentration of women in specific occupations (e.g. sales and care work). Given the strong connections between education and occupational destinations, Charles and Bradley (2002) expect that such pressures favor persistent segregation in higher education. Also in this case Scandinavian and Mediterranean countries may be conceived as opposite extremes, but the preceding argument anticipates we will find more gender segregation in the former. Actually this expectation matches the finding that a country like Sweden figures among the most gender segregated European economies. 
3. Rational choice explanations of gender segregation 

Economists have suggested that female students prefer fields of study leading to occupations with higher initial earnings  and flatter earnings-profiles because this would give them the opportunity to minimize the costs of labor force interruption [Polachek 1981]. In other words, sex segregation is the macro-outcome of rational decisions aimed at maximizing lifetime earnings. Jacobs (1995:21) reviewed the empirical literature testing this proposed explanation and concluded that «the evidence on earnings trajectories has been devastating to this earnings-profile explanation». An update of his review seems to confirm such negative conclusion: there is very little support for the claim that women initially earn more in traditional female occupations [England et al. 2001]. 

An alternative rational choice explanation refers to the comparative advantage hypothesis [Jonsson 1999; Van de Werfhorst et al. 2003]. As already mentioned, absolute differentials between male and female students in mathematical and scientific ability have considerably narrowed in recent decades. However, relative differentials may still play some role. Even if there is no systematic gender difference in scientific achievement, it is still the case that girls score better in humanistic subjects than in scientific ones. Therefore, for them it would be rational to specialize in the former, whereas the same reasoning would push boys towards scientific subjects. But is this a proper rational choice explanation? This is something we could doubt about, because: a) girls now have the ability to succeed in more rewarding faculties; b) humanistic faculties are less rewarding. In other words, there is a trade-off between relative probabilities of success on one side (i.e. comparative advantage), and absolute probabilities of success plus occupational benefits associated to educational choice, on the other. I would not charge a female student of irrational behaviour for not attaching much importance to comparative advantage. 

A more plausible rational choice explanation of gender segregation in higher education refers to anticipated family obligations. The argument here is that females prefer fields that offer better opportunities to combine family and work. For instance, part-time jobs as well as some occupations in the public sector, e.g. teaching in several countries, may reduce family-work conflicts. Hence, some fields of study (e.g. education) may be preferred by females because they lead to female-friendly jobs. However, such an argument rests upon the assumption that 18-years old girls make their educational decisions with future family obligations in their minds. To my knowledge, such an assumption may at best be viewed as a conjecture still waiting systematic empirical testing. Moreover it should be noted that this explanation leads to the prediction that countries ensuring a better conciliation between family and work obligations (e.g. by favoring large access to child care services) exhibit lower gender segregation. Once more, as the eight countries under examination are clearly different in this regard, a comparative analysis will be informative about the heuristic validity of this hypothesis.
4. Statistical models to analyze gender segregation

This section describes the modeling strategy employed to address the issue of variations across time and space of gender segregation, based on a comparison between a sequence of loglinear models.  

The null association model (1) postulates that gender and fields of study are unrelated in each of the eight countries under analysis. It is an unrealistic model expressing the substantive hypothesis  that gender segregation is absent everywhere. It is used only as a benchmark to  assess the fit of more realistic models.
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The constant association model (2) assumes that all odds ratios measuring the association between gender and fields of study are identical across nations. In other words, we are now positing that gender segregation exists and that it is completely stable across countries.
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If we add the three-way interaction between gender, fields of study and country, we come up with the saturated model (3), where gender segregation varies freely from country to country. 
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This model lacks parsimony because it specifies (G-1)*(F-1)*(C-1)=91 parameters, where G, F and C represent, respectively, the number of genders, of fields of study and of countries. Hence, a comparison between model 2 and the saturated model would provide a poor test of the existence of cross-national variations in gender segregation: we need a simpler, constrained specification of possible cross-country differences. Moreover, a comparative analysis relying on the inspection of 91 parameters is not very manageable
. 

Another possibility is to employ the log-multiplicative layer-effect model (also called unidiff), which decomposes each log-odds ratio as the product of a common pattern ψ of association between gender and fields of study, using (G-1)*(F-1) parameters, and of (C-1) country-specific parameters β (4). It can be easily appreciated that this is a much more parsimonious specification of cross-national differences than the saturated model. Parsimony is ensured by the core assumption underlying unidiff, namely that the qualitative pattern of gender segregation is recurrent across nations, hence in our case it is fully described by the 13 ψ parameters, so that with one parameter per country we are able to detect variations in the overall strenght of gender segregation.
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Unidiff has become a standard tool in the field of social mobility research, particularly for the purpose of assessing variations over time or space in the degree of inequality of opportunity, and it has been applied recently also to the study of gender segregation in higher education (Gerber et al. 2004). However, it should be recognized that parsimony, the main strenght of unidiff,  is achieved at the cost of a  very strong assumption that we cannot take for granted, i.e. cross-national stability of the qualitative pattern of gender segregation. Unidiff works only insofar as we are interested in an overall assessment of the overall amount of gender segregation in each country.

Topological models (Hauser 1978; Erikson & Goldthorpe 1992) can be used to address variations in the qualitative pattern of gender segregation. This family of models divides up the bivariate table between gender and fields of study into a number of regions of (net) association between the two variables, according to a theoretical model of generative mechanisms behind gender segregation in higher education. In other words, instead of simply describing in all details the empirical association between the two variables, as the saturated model does, we can identify its core underlying structure, drawing on the theoretical framework outlined in the previous section. After having described this qualitative pattern common to the eight countries under examination, I will assess its cross-national variability. 

In short, the proposed modeling strategy compares a loglinear model of constant association with unidiff and with a topological model in order to assess, respectively, quantitative and qualitative variations in gender segregation. Contrary to several previous analyses based on the dissimilarity index, within a loglinear framework it is possible to measure the association between gender and college major net of cross-country variations in the marginal distributions of these two variables. For instance, the comparative assessment of similarities and differences in gender segregation is not biased by the changing incidence of each field of study in different countries. In this regard there is close similarity with Charles and Bradley's (2002) comparative analysis. However, for the reasons given above, the saturated model is not used here  for purposes of cross-country comparisons and, instead of inspecting 91 country-by-field of study detailed indexes of gender segregation, I elaborate a model capturing the main qualitative contours of gender segregation. This is an important difference: by inspecting each of the 91 parameters of the saturated model, it is always possible to detect some parameters showing specific differences between two or more countries (e.g. engineering may be less masculinized in Spain than in Sweden), yet this  leaves the crucial research question without answer: to what extent do qualitative similarities prevail over qualitative differences? By means of topological modeling we are in a position to quantify the degree of commonality in the structural pattern of association between gender and fields of study, and we will see that similarities are largely prevalent indeed. 

Let us describe now this topological model. It is defined by four matrices incorporating two distinct gender divides in higher education. The first two matrices express, respectively, the female preference for humanistic faculties and the male preference for scientific faculties. To be sure, if the distinction between humanistic and scientific fields was exhaustive, one single matrix would have sufficed to capture this first gender divide. However, there are faculties like law or economics that cannot be unambiguously assigned to any of these two groups. Therefore, it is necessary to employ two separate matrices. 

The second gender divide relates more directly to the reasoning elaborated in the previous theoretical discussion, where I traced the implications for educational and occupational preferences of gendered socialization practices emphasizing the nurturing role of women in the case of girls, and technical skills of men in the case of boys. Hence, we may call it the care-technical divide. In the context of the classification of fields of study employed here, technical fields comprise engineering, computing and architecture, all of which put particular emphasis on applied and technical expertise as a constitutive element of each of these disciplines. Obviously, one may raise the objection  that curricula of most, if not all, faculties could have, at least in principle, an applied and technical orientation lato sensu, but the important point here is that such orientation represents a core defining component only for the three fields mentioned above. 

A more critical issue is arriving at an appropriate definition of “care-oriented” faculties. However, the line of argument developed in section 2 suggests a  rather straightforward solution: care fields are those leading to care jobs- and there is a growing sociological literature that has been examining extensively this kind of occupations. Following an authoritative review of this literature (England 2002), care jobs can be characterized by two defining features: face-to-face interaction with customers and job tasks directly oriented towards their well-being and personal development. For example, the first criterion distinguishes a psychologist from a manager, while the second one differentiates a social worker from a front office secretary. Hence, according to this definition, occupations as different as doctor, nurse, physiotherapist, psychologist, social worker and teacher can be characterized as care jobs, as they share both relevant features. Not surprisingly, they display a relatively high prevalence of female workers. Moreover, it may be easily appreciated that, although these jobs are rather heterogeneous in many respects, they all fit nicely into the notion of functional or symbolic proximity to traditional female domestic roles. A final clarification is that, keeping in mind that I am focusing on tertiary graduates, I will restrict attention to  skilled care jobs (e.g. family helpers  are ignored). 

Needless to say, this definition, as any definition, is not clear-cut. For instance, should we consider all teachers, including university professors, as care workers? I have excluded university professors, but given their relatively small numbers this decision was inconsequential for the results that will be presented. Other similar questions may be raised as well (e.g. are all doctors care workers?) and, more generally, it may be noted that both defining criteria of care jobs are a matter of degree: for instance, some indirect orientation towards customers' well-being may be identified in several jobs. However, such an orientation represents a core feature in the case of care jobs mentioned above.  

The above definition of care occupations can be used to generate a dummy variable that identifies care jobs among Isco 88 occupational titles. Then, we can examine which educational fields are more likely to give access to care jobs. According to socialization theory, females should be particularly attracted to these fields. Appendix 2 explains how faculties have been classified according to their connections with care jobs, in order to identify a three-fold distinction between: a) care fields: education, social work and medicine; b) potential care fields: humanities, social science, mathematics and biology; c) fields unrelated to care jobs: economics, law, science, engineering, computing, architecture, agriculture and veterinary. Interestingly, the second category comprises faculties that, although not explicitly designed to prepare for care jobs, give access to them quite frequently, most often via teaching. This specification translates empirically the previous argument about socialization practices and second-best options when choosing college major. 

5. The Reflex Survey and the EULFS 

The data for the comparative analyses are drawn from the Reflex survey that was held in 2005. Its target population included graduates from institutions of higher education who had attained their degree during the academic year 1999/2000.  Only graduates of Isced 5A programmes (bachelors and masters, or equivalent) were selected, while post-secondary vocational education (Isced 5B programmes) is excluded 
. However, Isced is implemented in such a way that, in the four countries under analysis, almost the entire population of tertiary graduates is included in the Reflex national samples. For instance, Isced 5A programmes include German and Austrian Fachhochschulen, together with university courses, but exclude all forms of apprenticeship.

Data collection was based mainly on web- and mail questionnaires, but in some cases also on face-to-face interviews. The multivariate models that will be presented adjust for sampling effects as well as research design effects. 

The sampling design was based on a stratified sampling. The strata to be used could vary from country to country, but most often they were based on type of higher education institution (e.g. university vs. Fachhochschule), college major and area of residence.  

In most countries a two-stage sampling procedure was followed: first, a sample of higher education institutions was selected and then a random sample of individuals within these institutions was identified. The response rate varied from the low value of 20 percent in Spain to 36% in Germany, 37% in Italy and in Austria 42%. The Reflex estimates for gender, age, nationality, civil status, area of residence, field of study, employment status (including temporary vs. permanent employment for employed) and Isco 88 occupational title were compared with estimates drawn from corresponding sub-samples of the European Labor Force Survey. The high degree of convergence between the two sets of estimates is rather reassuring with regard to the representativeness of the Reflex data.

For the purposes of this study, a major strength of this data source is the availability of very detailed information on the study programme attended in higher education at a 3-digit level of disaggregation of the Isced classification. Given sample size constraints, I must resort to a more aggregate classification, but the crucial advantage is that, thanks to the high level of detail of the original data, we can be confident that aggregate categories have a similar meaning everywhere. This is an important, though often violated, prerequisite for securing the validity of comparative analyses of fields of study. The following 14-category classification was devised: a) education; b) art and humanities; c) social and behavioural sciences (e.g. psychology, sociology); d) business and administration; e) law; f) life science; g) physics and chemistry; h) mathematics and statistics; i) computing; l) engineering; m) architecture; n) agriculture, veterinary and environmental science; o) health and social work; p) medicine.
For the cross-cohort analyses I have employed the data of the European Union Labour Force Survey (EULFS), a large household sample survey conducted by the national statistical institutes of member countries. They are responsible for selecting the sample, preparing the questionnaires, conducting the direct interviews among households, and forwarding results to Eurostat, in accordance with a common coding scheme. EULFS is designed to cover the resident population living in private households and it is mainly based on face-to-face interviews. Of the eight countries under examination only four (Italy, Germany, Netherlands and Norway) contain information on fields of study and have sufficient sample size to analyze the sub-sample of Isced 5A graduates across different cohorts.

6. Results

Let us start with a preliminary explorative assessment of gender segregation in the eight countries under examination. Figure 1 plots in the y-axis the estimated logit parameters of a multinomial logistic regression model describing the influence of gender on fields of study, controlling for age, immigrant status, parental education and area of residence. Males and economics are the reference categories respectively for gender and fields of study. 
FIGURE 1 HERE

For instance, the value 2,2 for the education field in the Italian case refers to the logit parameter describing the higher chances of female students to access this field instead of economics, relative to males. As expected, it can be seen that females students are over-represented in humanistic faculties and males in scientific fields. However, the degree of femilinization varies considerably also within these two groups. For instance, in this regard an ordering between education, humanities and social sciences is apparent almost everywhere, as well as between medicine, biology, mathematics, physics, computing and engineering. Social work is highly feminilized everywhere but its position vis-à-vis education and humanities is varying. Law, economics, architecture and agriculture display a prevailing gender balance. Interestingly enough, three scientific fields out of six (biology, mathematics and medicine) do not exhibit any female under-representation. 

It can be appreciated at a first glance that these graphs are rather similar between countries, as indicated by the recurrent V-shaped curve. This gives a first indication about the existence of substantial similarities in the qualitative pattern of gender segregation in higher education. Moreover, also the vertical dispersion of points along the y-axis is remarkably similar across countries, though possibly somewhat lower in Spain and in the Czech Republic. This suggest that also the overall strength of gender segregation is largely similar among our eight nations. 
Hence, there is evidence prima facie that both the structural pattern and the overall amount of sex segregation display a high degree of cross-national constancy, but a more formal test is in order. Table 1 reports the fit statistics for the null association, constant association and unidiff models. 
TABLE 1 HERE
Not surprisingly, the first model does not fit the data at all. However, the second candidate exhibits an excellent fit. It is formally rejected according to conventional statistical criteria, which is hardly surprising given the high sample size. However, a model of constant association misclassifies only 4.1% cases and it explains 94,5% of the association between gender and fields of study. The improvement of unidiff over the constant association model is statistically significant according to a likelihood-ratio test, but it is definitively marginal according to all fit indexes, and the latter is more parsimonious, hence the BIC statistic prefers a model of constant association. Figure 2 plots the kappa indices of unidiff  that summarize the overall strength of gender segregation in each country. 
FIGURE 2 HERE
The noticeable similarity of  values for different countries, again with some indication of slightly lower sex segregation in Spain and in the Czech Republic, further reinforces the overall impression that stability is largely prevalent. Hence, we arrive at a first relevant conclusion: the level of sex segregation in higher education is remarkably similar across European nations. 

However, as discussed in the previous section, unidiff is poorly informative about possible variations in the qualitative pattern of sex segregation. Figure 2 illustrates the fit of a sequence of topological models developed to analyze this qualitative dimension. This figure reports the percentage of explained variation of association between gender and fields of study. The first models refers to male preference for scientific fields, and the second takes into account also female preference for humanistic fields. Hence, model 2 fully incorporates the humanistic-scientific gender divide. 
FIGURE 3 HERE

As can be seen, this simple model accounts for around 50% of gender segregation in our eight nations. On one side, this result can be taken as evidence of the importance of the humanistic-scientific divide. On the other, we are still left with half of the association between gender and fields of study “unexplained” by this model. Accordingly, the two subsequent models recognize the existence of a second gender divide that operates within humanistic and scientific fields, in line with theoretical arguments elaborated in section 2. It can be appreciated that the care matrix accounts for a residual 30% of gender segregation, and by incorporating also the technical matrix explanatory power further rises by 10%
. As a result, model 4 captures nine tenths of the association between gender and fields of study with a parsimonious specification, based on four matrices. Hence, there is strong support for the argument that segregation in higher education is organized around a bi-dimensional gender divide. 

Moreover, it will be noted that topological models specified so far constrain the structure of association between gender and fields of study to be constant across nations. Hence, the previous result implies that more than 90% of the qualitative pattern of sex segregation is constant across the eight countries under examination. Models 5 to 8 provide further evidence on this point, as they let the four topological matrices vary freely across countries, and we can see that these specifications produce a definitively marginal improvement of fit
.  In other words, the relative distances between fields with regard to their gender composition display an overriding similarity, while national peculiarities appear of limited importance.
A final point relates to trends over time in gender segregation. As the Reflex data refer to a recent graduation cohort, they are not suited for this purpose. Hence, I resorted to the EUFLS data to study gender segregation across three decades. Due to limitations of these data, the analysis is confined to four of the eight countries examined so far, namely Italy, Germany, Holland and Norway. Again I follow a loglinear framework that takes the null association model as a benchmark and contrasts a constant association model with a unidiff model (where the layer-variable is now cohort instead of country). Given the limitations of the unidiff model discussed above, I will also comment on significant standardized residuals of the constant association model that give a detailed, data-driven description of nation-specific departures from temporal stability of sex segregation
. 
TABLE 2

Table 2 reports the fit statistics of constant association and unidiff models for each of the four countries under examination. In all cases, the deviance, the dissimilarity index of misclassified cases and the percentage of explained association relative to the null association model indicate that the fit of the two models is highly similar, although the constant association model is more parsimonious. Hence, it comes as no surprise that the BIC statistic always prefers a model of invariant association between gender and fields of study. Figure 4 plots the kappa indices estimated by unidiff that summarize the level of sex segregation in each cohort. 

FIGURE 4

As can be seen, for Italy we observe a very slight change between the first and the second cohort and no change across the last two. Standardized residuals indicate that the initial variation is entirely due to two fields: biology and medicine. In the case of Germany, we can observe perfect stability and a model of constant sex segregation cannot be rejected according to conventional statistical criteria. Unidiff does not improve over this model in Germany nor in Holland and, accordingly, the k indices draw a flat line for these two countries. Only in the case of Norway the k indices provide evidence of a significant reduction of gender segregation, but again the comparison between a model of constant association and unidiff does not provide unambiguous support to the latter. Taken together, there results suggest that only in one out of four nations we find some evidence of a stable trend towards de-segregation. 
7. Conclusions to be written: a short summary

    Main findings:
· A second, “invisible” gender divide: the care-technical divide

· The quantitative and qualitative invariance of gender segregation across countries

· The strong persistence of gender segregation during the last 3 decades

· The “separate but equal” hypothesis scores better than modernization theory
   Some open issues:

· Compositional effects related to internal heterogeneity of fields of study and to the distinction between universities and  vocational colleges.
· The issue of the statistical power necessary to detect cross-cohort variations

· Choice versus selection dynamics behind gender segregation

· Testing alternative explanations of gender segregation

FIG. 1: logit estimates for the effect of gender on fields of study in eight countries (Reflex, 2005) 
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FIG 2: loglinear estimates for the effect of gender on fields of study in eight countries (Reflex, 2005)
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FIG. 3: fit statistics for topological loglinear models of the association between gender and fields of study in eight countries (Reflex, 2005)
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FIG. 4: loglinear models of trends over time in the association between gender and fields of study in four countries (Eulfs, 2005)
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TAB. 1: Fit statistics for loglinear models of gender segregation in eight countries (Reflex, 2005)
Model                                          G2         df         rG2         BIC          Λ
-------------------------------------------------------------------------------------------

Conditional independence      4709,5    104           -          3858,8      17,8

Constant association                297,1      91        93,9       -622,3         3,9

Unidiff                                      272,7      84        94,5      -577,3          3,7

Legend: G2=Deviance;  d.f.= degrees of freedom;  rG2= % reduction of Deviance;  BIC= BIC statistic;  Λ= dissimilarity index (% of misclassified cases)
TAB. 2: Fit statistics for loglinear models of trends in gender segregation in four countries (EULFS, 2005)
	
	Model
	G2
	p
	rG2
	Λ
	BIC

	 Italy
	Constant association
	59,6
	,00
	96,4
	2,5
	-139,2

	
	Unidiff
	50,6
	,00
	97
	2,3
	-130,1

	 Germany
	Constant association
	25,1
	,30
	97,1
	2
	-171,9

	
	Unidiff
	19,0
	,52
	97,8
	1,7
	-160,1

	 Holland
	Constant association
	46,5
	,00
	98,5
	1,6
	-166,6

	
	Unidiff
	41,6
	,00
	98,7
	1,4
	-152,1

	 Norway
	Constant association
	44,0
	,00
	92,2
	3,4
	-69,4

	
	Unidiff
	37,4
	,00
	93,4
	3,6
	-59,8


Legend: G2=Deviance; rG2= % reduction of Deviance;   Λ= dissimilarity index (% of misclassified cases); BIC= BIC statistic
APPENDIX 2: matrix defining the topological model for the association between gender and field of study

	Major
	Scientific divide
	Care divide

	 
	Humanistic
	Scientific
	Care
	Technical

	Education
	1
	0
	2
	0

	Humanities
	1
	0
	1
	0

	Social sciences
	1
	0
	1
	0

	Economics
	0
	0
	0
	0

	Law
	0
	0
	0
	0

	Biology
	0
	1
	1
	0

	Physics
	0
	1
	0
	0

	Mathematics
	0
	1
	1
	0

	Computing
	0
	1
	0
	1

	Engineering
	0
	1
	0
	1

	Architecture
	0
	0
	0
	0

	Agriculture/veterinary
	0
	1
	0
	0

	Social work
	0
	0
	2
	0

	Medicine
	0
	1
	2
	0


The Reflex data contain detailed information about occupational destinations of graduates of each field of study, coded according to Isco 88. Drawing on the definition of skilled care jobs discussed in section 3, destinations have been dichotomized into care/non care jobs. Hence, we can easily obtain a descriptive estimate of the probability of accessing care occupations for graduates of each field. A more refined approach is to run a binomial logistic regression to obtain parameters estimates of the association between each educational field and care jobs, net of gender, age, area of residence, parental education and achievement in upper secondary education. Although multivariate results correct for spurious effects, the basic ranking between fields does not change much.

Controlling for gender is particularly important because then results are independent of the gender composition of each field. For instance, this implies that both a female and a male graduate in philosophy are more likely to end up teaching than a (male or female) engineering graduate.

Not surprisingly, almost all education, social work and medicine graduates  gain access to care jobs almost always; social science, humanities, mathematics and biology display lower but still relevant connections with care occupations, in some cases mainly via teaching; while other faculties like law, economics or engineering have a negligible chance to do so. It is perhaps less obvious to note that, with few minor variations, this three-fold hierarchy is highly similar across the eight countries under examination. 

It should be stressed that this procedure to identify care-oriented fields relies upon data on occupational destinations of tertiary graduates in year 2005 (when the Reflex survey was held) to infer information about educational decisions that were taken around ten years before. Such a strategy may seem tautological at first glance. However it seems very unlikely that connections between fields and care jobs have changed considerably within a decade, so that the 2005 data are a good proxy for the situation ten years before. For instance, I expect that also in 1995 medicine or social work faculties were leading to care jobs more often than social science, which in turn was more care-oriented than engineering or law. To be sure, some fluctuations in the short-run are possible, but the point is that they are unlikely to affect the basic three-fold distinction proposed above. 
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� In this work the terms “field”, “field of study”, “faculty”, “academic specialty” and “college major” are used as synonyms.


� Social-control  theory could shed some light on differences in the degree of gender segregation between enrolment and final attainment in higher education (Jacobs 1995). However, mobility of students in the European countries under examination is much lower than for the United States. At any rate, the available comparative data do not contain information on educational paths and transitions within higher education.


� However, Grusky and Charles (1994) propose a useful summary index based on the parameters of the saturated model.


� It is also worth mentioning that foreign students who had obtained their tertiary degrees in the reference country, part-time students and distance learners were included in the national samples.


� In a preliminary analysis, following operational definitions provided in appendix 2, I included architecture among technical faculties. This specification accounts for 89,1% of gender segregation, instead of 91,6% (model 4). Hence, substantive conclusions are unaffected by this decision. However, it is fully evident that architecture does not conform to the gender pattern of engineering and computing, as can be seen also in figure 1. For this reason, I decided to correct the matrix specification. The relevant point here is that the pattern of weak segregation in architecture remains unexplained. It may be noted that this faculty includes also some art&design courses together with standard architecture courses. Unfortunately, further disaggregations are constrained by sample size,  but the underlying logic of our model implies that there will be a female over-representation in the former and male over-representation in the latter, corresponding to the humanistic and technical divides. What we observe is only the aggregate outcome of this internal heterogeneity. This example illustrates how the heuristic power of the topological model developed in this work can be further assessed with more disaggregated data. 


� A likelihood ratio test points to statistically significant variations between nations only in the case of female orientation towards humanistic faculties, but also in this case we are faced with marginal variations, and the BIC statistic always prefers a model of constant gender segregation.


� There are at least two alternative modelling strategies that lead to very similar conclusions (results available upon request): employing multinomial logit models, or fitting the topological model to the EULFS data and let its matrices vary across cohorts. Besides, the topological model displays an excellent fit also in the case of the EULFS data, which suggests that previous findings cannot be attributed to idiosyncrasies of the Reflex data.  
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