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Abstract: School choice factors play a different role according to gender. According to 

the literature, women have “adaptative exceptations” whereas men have so called “static 

exceptations”. Men and women adopt also different attitudes to expected payoffs, to risk or 

towards their level of aspiration. Finally, women generally associate their career plans with 

their life plans, which influences their choice of studies. But, what about social prestige, i.e. 

does the prestige of profession play an identical role in the demand for education among 

men and women? More specifically and over the long term, is the phenomenon of 

substitutability between prestigious career paths equally true for men and women? Finally, 

does the medical sphere regulate the male and female education systems equally? The 

ambition of this contribution is to contribute to the discussion using an unpublished 

historical dataset for France in the long 20th century. 
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Introduction 

In the late 19th century, the hypothesis was put forward, that a glutting was 

manipulated and augmented by the conservative Prussian government to prevent members 

of the lower social classes from studying and to restore the social exclusivity of the Prussian 

Universities. This crisis had a large impact on the public discussion surrounding academic 

education and culminated in references to a growing "academic proletariat". During a great 

debate in parliament the Prussian minister of culture —Gustav von Goßler— asked, with the 

acclamation of the conservatives: How many students are necessary to maintain the size of 

the governing classes? A secret prognosis of student enrolments, which had been made by 

Wilhelm Lexis, was used to successfully push through political measures designed to 

diminish student populations. But all these efforts were unsuccessful and after a short 

cyclical recession, student populations grew at a much faster rate than they had beforehand 

(Titze, 1990, Müller-Benedict, 1991, 2000). 

It became rapidly clear that the dynamic of the process that led to glutting was 

probably independent of political influences. According to Diebolt (1994, 1997, 2001) and 

Diebolt and El Murr (2004a,b) it appears that expected wages and available positions on the 

labour market have played an essential role in the evolution of the Prussian and German 

student enrolments in the various university fields and led to a glutting phenomenon. The 

glutting itself leads to substitutability between university streams. If substitutability between 

two thematically similar courses of study is conceivable (e.g. science and medicine), it 

becomes more complex to envisage between two thematically opposed courses of study 

(e.g. law and medicine).  

In addition to expected wages and available positions on the job market, another 

factor seems to play a role both in career choices and on the demand for education: the 

social prestige associated with a profession (Ferschtman and Weiss, 1993, 1998; Diebolt and 

Demeulemeester, 2011). More precisely, it appears that two thematically different training 

courses can be substitutes for each other when they are associated with prestigious 

professions (Jaoul-Grammare, 2014). 

In France, despite their thematic differences, the Law and Medicine streams, for 

example, are substitutes in terms of educational demand, thanks to the prestige associated 

with them. It also appears that the medical sphere has a regulating role: any event affecting 
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it has implications on the entire system of prestigious studies. However, these results relate 

to students as a whole. Yet school choice factors play a different role according to gender. 

First of all, it appears that women have more “adaptative exceptations” whereas men have 

so called “static exceptations” (Demeulemeester, 1994). Next, men and women adopt 

different attitudes to expected payoffs (Page, Levy-Garboua and Montmarquette, 2007), to 

risk (Halek and Eisenhauer, 2001, Eckel and Grossman, 2008) or towards their level of 

aspiration (Gneezy et al., 2003; Page et al., 2007, Bugeja-Bloch and Couto, 2018). Finally, 

women generally associate their career plans with their life plans, which influences their 

choice of studies (Duru-Bellat, 2004, Jaoul-Grammare, 2023, 2024). But, what about social 

prestige, i.e. does the prestige of profession play an identical role in the demand for 

education among men and women? More specifically and over the long term, is the 

phenomenon of substitutability between prestigious career paths equally true for men and 

women? Finally, does the medical sphere regulate the male and female education systems 

equally? 

Our ambition is to address these questions using an unpublished database spanning 

more than a century. After a presentation of the state of the art (1), the theoretical model of 

glutting (2) and its previous empirical evaluations taking social prestige (3) and the gendered 

roles of study choice factors (4) into account, we present the database (5), the methodology 

(6), before discussing the results (7). 

1. State of the art 

If one refers to historical works, there were always (or at least since the end of the 19th 

century – see Gispen, 1989 for the case of engineering) heavy discussions concerning a 

possible overproduction of graduates, with concomitant social and political problems 

(coupled with the emergence of an academic proletariat and the concomitant possible social 

and political instability; see Windolf, 1990). In 1904 for example, Eulenburg suggests a 

positive relation between phases of economic depression and development of the higher 

education in the direction where an economic deceleration or a rise of unemployment 

supports the increase in the number of students. 
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The issue of overeducation but also of scarcity of high skills was pervasive since the 

beginning of the Industrial Revolution. Economic analysis however did not take the problem 

seriously until very late, despite early considerations by Prussian civil servants in the early 

19th century or the concerns of Friedrich List (1841) regarding the proper design of an 

optimal education policy accompanying the industrial development process led by a 

(temporarily protectionist) strategic public authority. It was likely that higher education 

graduates were not central in the early phases of economic development in Europe – so that 

economists were not very concerned by the issue of human capital. Even if Smith (1776) 

introduced the concept as early as the end of the 18th century and suggested a formal 

analogy between investment in skills and in physical capital, one had to await for the post 

World War 2 period to witness the blossoming of a human capital theory – and by the way a 

model of educational choice (Becker, 1964). These early analytic contributions mainly dealt 

with labor economics issue (determinants of earnings) and growth (see the first intuition of 

Schultz, 1963, on the role of human capital and the model of technological diffusion and 

imitation by Nelson and Phelps, 1966). The belief up to the end of the 60s was that the 

development of higher education in an increasingly technological economy was of 

tantamount importance and that a lack of skilled manpower will be the problem rather than 

its excess. The early successes of the Soviet spatial programs (Sputnik, 1958) were also 

instrumental in conveying the intuition that developing technical mass (higher) education 

could only be positive for growth. Empirical works on the determinants of wages and private 

rates of return (Mincer, 1958) and theoretical work on growth (Uzawa, 1965) seemed to 

foster the widespread belief in the virtues of the massive expansion of higher education 

(that all Western countries witnessed during the 60s), and that the latter should be publicly 

funded. No debates arose concerning possible cycles in higher education.  

One had to await the worldwide economic crisis of the 70s to witness increasing 

awareness among economists of an excess supply of graduate problem (Freeman, 1976). 

Richard Freeman (1971, 1973) was a pioneering analyst of cycles in academic markets – 

using the recursive cobweb models to show that periods of oversupply (and the correlate 

decline in economic benefits associated to the specific orientation) were followed by periods 

of scarcity of graduates in specific sectors, as bad economic conditions led prospective 

students to choose alternative study paths. These first models were quite simplistic as they 
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only allow for static expectations (prospective students tend to assume that future 

conditions on the labor market will be the same in the next years – when they will enter the 

labor market after a “production process” of several years at the university). Freeman and 

other authors also tested for “adaptive expectations” and very soon this line of research was 

also influenced by the rational expectation revolution. Siow (1984) and Zarkin (1983, 1985) 

developed sophisticated models including rational expectations assumptions for the labor 

market of professor and lawyers. Interestingly, they show that even if one assumed rational 

expectations on the part of the students, cycles appear.  

More sociological works (Windolf, 1990, Haas and Windolf, 1993) on the diffusion and 

expansion of higher education also show the presence of cycles in a long run perspectives as 

well as phases of expansion (like a diffusion process). The research on cycles in higher 

education fell asleep during the 90s and early 2000s echoing the renewed interest of 

economists for growth processes (endogenous growth in peculiar, Romer, 1986, 1990, Lucas, 

1988).  

However, works in labor economics still continue to analyze such issue as 

overeducation, the impact of overall unemployment and business cycle on higher education 

enrollments (Diebolt and Guironnet, 2012). The economic and financial crisis of 2007-2009 

led to a renewed interest on the link between business cycle and higher education 

participation, as well as orientation choices (OECD, 2011). Policy makers and economists 

worry about the rationality of students choices: do they react to economic incentives, do 

they choose the “right” fields of study, i.e. those likely to be in demand on the labor market 

in the near future?; and wonder whether interventions and regulations can improve upon 

the current situation (e.g. the debate around the so-called numerous clauses in medical 

schools). 

2. Substitutability and the theoretical model of glutting 

In economic terms, two goods X and Y are said to be substitutable if their respective 

demands vary in opposite directions, i.e. if a variation in consumption of one is offset by a 

variation in consumption of the other. They have identical characteristics and satisfy similar 

needs. In this case, an upward [downward] variation in the price of good X will lead to a 

downward [upward] variation in demand for the same good, and an upward [downward] 
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variation in demand for good Y. The cross-elasticity of demand for X with respect to the price 

of Y is positive.2 

Thus, two academic sectors are said to be substitutable when a fall in the number of 

enrollments in one sector is accompanied by an increase in the number of enrollments in the 

other. Conversely, if the two sectors simultaneously undergo a similar upward or downward 

trend, we speak of complementarity. Of course, these effects are previously driven by a rise 

or fall in wages in the corresponding professions. However, we are dealing here with an 

income effect rather than a price effect, which, if negative, would indicate a complementary 

relationship. Indeed, if the cross-elasticity between two streams I and J is negative [resp. 

positive], i.e. if there is substitutability [resp. complementarity], if the income of occupation I 

increases, students in the corresponding stream will increase and those in stream J will 

decrease [resp. increase]. 

The glutting model by Diebolt (2001) accounts for these phenomena by taking as its 

starting point the choice behavior of students in terms of university courses. Students base 

their choice of studies on the expected income from the various professions and the 

availability of funds within the professional sector.3 As a result, the distribution of students 

among the various universities is conditioned by this choice behavior. 

As by Freeman (1976), the expected salary plays an essential role, and depending on 

the availability of work and the evolution of salaries, we observe a cyclicality in the 

distribution of students in the various faculties, which can be modelled in the form of a 

cobweb model Diebolt & El Murr (2004a,b) on Figure 1.  

In t, i.e. 2 higher education streams At and Bt leading respectively to professions Xt and 

Yt for salaries wt
X and wt

Y. When profession X tends to be saturated, profession Y 

experiences a period of shortage; this modifies relative salaries Y
t

X
tt www = and, by the 

same token, the study choices of individuals, who will then opt for stream B instead. The 

                                                           
2Conversely, two goods X and Y are said to be complementary if their respective demands vary in the same 
direction, their consumption being proportional. In this case, any variation in consumption of good X will lead 
to an identical variation in consumption of good Y. 
3However, the author stresses the restrictive nature of this assumption of perfect rationality on the part of 
individuals: "We are nevertheless aware that uncertainty, risk and imperfect information (wage illusion in 
particular) are essential factors of socio-economic life that students have to deal with when making their 
investment decision. If necessary, they can help us to better understand the "sub-optimality" of their choice", 
Diebolt (2001). 
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number of B stream graduates will then increase, filling the shortage in occupation Y. We 

then have a saturation situation in profession Y and a shortage in X.  

Figure 1. The glutting cycle (Diebolt and El Murr, 2004a) 

 

 

 

 

 

 

 

 

 

 

 

 

To model these phenomena, in the early 2000s, Claude Diebolt (Diebolt, 2001, Diebolt 

and El Murr, 2004a,b) developed a partial equilibrium model, under conditions of perfect 

competition and rationality of agents, which he empirically tested for Germany between 

1820 and 1941. Indeed, the evolution of students in the various faculties in Germany over 

this period suggests, on the one hand, a cyclical evolution of the number of individuals 

within a faculty, and on the other, an a-cyclical evolution of students in two competing 

faculties. Among other things, it calculates net cross-elasticities between streams and 

occupations, and shows the existence of substitutability between different streams and 

occupations. In addition, it highlights the parallel evolution of faculty and profession 

enrolments and their respective salaries. However, the substitution phenomena described 

by the glutting model suggest that the courses of study that can be substituted are 

thematically close: indeed, if an individual's first choice is not satisfied or is poorly satisfied, 

he or she may opt for a faculty that is thematically close, thus implying substitution between 

the various courses of study. A law student, for example, is more likely to choose literary 

studies over scientific ones, partly because of his or her academic background, but also 

because of a more pronounced taste for literary studies. However, using the same database 
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for Germany, Jaoul (2004ab, Diebolt and Jaoul-Grammare, 2007) highlight substitution 

effects between different faculties. 

In line with the empirical work carried out by Diebolt and Demeleumeester (2011), it 

appears that there is a factor of choice for individuals that can explain the phenomenon of 

substitution between two thematically different faculties: the social prestige accorded to a 

profession (Jaoul-Grammare, 2014). 

3. Social prestige: an explanation for the phenomenon of substitution between 

thematically different streams 

Although economists have long recognized the importance of sociological 

considerations such as honor or esteem in choice theory (Smith, 1776, and Marshall, 1890) 

already mentioned the importance of recognition in individual behavior-, their introduction 

into economic theory was much later. As far as social status is concerned, economists have 

not paid sufficient attention to it (Fershtman and Weiss, (1998) in individual behavior, 

preferring instead to focus on the monetary aspects of a choice of profession. Conversely, to 

characterize a profession, sociologists take into account a wide range of variables, of which 

social status is an essential component. 

Weber (1922) was the first to evoke the notion of social status, which he defined as 

"the demand for social esteem in terms of positive or negative advantages". As early as 

1950, De Bruijn emphasized, in the case of the Netherlands, the role of the social prestige 

attached to certain professions in people's choice of direction, and the discrepancy between 

the education given to individuals and society's economic needs. Following a survey 

establishing a social value for a hundred or so jobs in Japan, Nisihira (1968) shows that the 

professions at the top of the ranking concern managerial functions requiring in-depth 

knowledge and a high level of qualification. Japan is no exception. Treiman (1977) shows 

that there is an almost constant ranking of occupations by individuals, whatever the country 

and whatever the time (Blau and Duncan, 1967, Hodge, Treiman and Rossi, 1966, Treiman, 

1977). 

In France, the results obtained (Chambaz et al. 1998) are very close to the 

international SIOPS nomenclatures (Ganzeboom and Treiman, 1996), which show that the 

professions of doctor and lawyer are at the top of the ranking: they are respectively ranked 
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3rd and 4th on the French scale, and 1st and 2nd on the SIOPS scale. Indeed, these two 

professions, presented as "the top layer of the liberal professions" (Haupt, H.G., 1993), have 

long represented success and upward mobility. "Families perceive careers for their children 

as lawyers, magistrates, soldiers or tax collectors, but not in commerce or industry" (Chaper, 

Prefect of Burgundy in 1835, quoted by Haupt, 1993). 

However, the prestige of one profession over another depends on the country's 

historical, economic and institutional conditions. In fact, depending on the socio-economic 

and historical context, and on the needs of the economy for a given professional, individuals 

will have a changing perception of professions. So, at a given moment in a society, a 

profession X may be perceived as more prestigious than another profession Y, and therefore 

preferred to the latter. This has two consequences: on the one hand, individuals will adapt 

their educational choices (Fershtman and Weiss, 1993, (1998) by opting for training 

associated with professions perceived as prestigious, and on the other, professionals 

perceived as less prestigious, feeling "wronged", will have organized themselves in such a 

way as to modify and influence educational decisions and sometimes, will even be at the 

origin of certain economic reforms (Baszanger, 1986, Demeulemeester and Diebolt, 2011).  

Eventually, another profession will find itself in the position perceived as prestigious, and 

this will once again turn individuals away. In this way, professions that on the face of it seem 

to be at odds with each other, such as lawyer and engineer (Demeleumeester and Diebolt, 

2011), will tend to be substitutable, and consequently so will the corresponding training. In 

short, there is a-cyclicality in the demand for education, which is no longer guided by 

expected salary or availability on the job market, but by the perceived social prestige of a 

given profession at a given time. Using series on the number of students enrolled in law and 

medicine in France between 1899 and 2011, Jaoul-Grammare (2014) shows that two 

thematically opposed courses of study, namely medicine and law, represent two 

substitutable goods for students, as they are associated with prestigious professions. She 

also shows that the starting point for possible substitution lies within the medical sphere, 

with the numerus clausus acting as a regulator not just of medical studies but of the higher 

education system as a whole. 
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4. The gendered roles of study choice factors 

Guidance strategies play an important role in the literature (Hoxby, 2003), and many 

factors have been identified as having a more or less decisive role. Risk of failure and 

anticipation of the future (Boudon, 1973), choice of institutions and cost of studies (Kane, 

1995, Rouse, 1998, Van Zanten, 2001, 2009, Felouzis and Perroton, 2009), chance of access 

and interaction with peers (Montmarquette et al., 1998, Demeulemeester and Rochat, 2001, 

Manzo, 2007, 2009) and economic and labor market conditions (Fershtman and Weiss, 1993, 

Stallman et al., 1993, Freeman, 1971, Diebolt, 2001) all play a part in shaping individuals' 

career choices. 

Over and above these factors, which are well identified in the literature, it is clear that 

there are gender differences in career choices (Stefanovic and Mosconi, 2007). Holland 

(1966) was one of the first to investigate gender differences in career interests. According to 

him, women more often opt for occupations with a social and conventional interest, while 

boys choose occupations with a realistic and investigative interest. This stems from the fact 

that women are negatively stereotyped in 3 main areas: quantitative skills (Frome and 

Eccles, 1998, Funham et al., 2002), leadership (Schein, 2001, Atwater et al. 2004, Coffman et 

al. 2021) and general culture (Furnham and Gasson, 1998, Furnham et al. 2002, Petrides et 

al. 2004, Bian et al. 2017) This results in less risky behavior on the part of girls (Page et al., 

2007, Halek and Eisenhauer, 2001, Gabay-Egozi et al., 2015) associated with a lower level of 

aspiration (Page et al., 2007) and lower self-confidence (Klinowski, 2019). 

In addition to differences of interest, Bandura (1977, 1982) takes into account the 

influence of the environment in which the individual evolves on his or her sense of 

competence. According to him, career choices are associated with a positive feeling of self-

efficacy and with the fact that the individual's environment reflects such a feeling back to 

him. The attitude of teachers/adults towards students could then have an effect on choice 

behavior due to a Pygmalion effect (Rosenthal and Jacobson, 1968). As a result, girls tend to 

undervalue themselves and make study and career choices by underestimating their skills 

(Lemaire, 2005), and this is all the more marked when they evolve in an environment 

traditionally connoted as masculine, such as scientific fields (Bordalo et al. 2019), or when 

the level of perceived competition is high, as in highly selective streams (Gneezy et al., 2003, 

Niederle and Vesterlund, 2011, Buser et al., 2017, Cattaneo et al., 2017). 
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Another element to take into account is the existence of a gendered differentiation in 

terms of perception of expected returns on educational investment, with men tending to 

overestimate these returns (Botelho and Costa-Pinto, 2004). This has two consequences: on 

the one hand, women tend to be satisfied with lower wages than those to which they could 

aspire, and on the other, they tend to occupy more downgraded jobs than men (Jaoul-

Grammare and Lemistre, 2014). Despite this, they display higher levels of job satisfaction 

than men (Perugini and Vladisavljević, 2019). 

Finally, social background remains a determining factor in educational pathways, 

integration, wages (Dherbécourt and Flamand, 2023) and mobility (Lainé, 2010). First and 

foremost, the existence of a reference situation, particularly in the family, will condition 

individuals' decisions regarding their schooling (Easterlin, 1995). In this way, interest in a 

particular educational speciality can be explained by the imitation effect of individuals in 

relation to previous generations, or by higher aspirations in relation to their parents - a 

notion of social mobility (Peugny, 2009). This is referred to as upward or downward 

intergenerational social mobility, depending on whether or not individuals hold jobs higher 

than those held by their parents (Lainé, 2010, Razafindranovona, 2017). In this respect, for 

girls, the mother's position is more decisive than the father's (Razafindranovona, 2017), both 

in terms of the image conveyed of the mother's work-life balance during childhood (Court et 

al., 2013) and the gendered influence of the mother's profession on school careers 

(Bouhmadi and Lemistre, 2007).  

According to the bottleneck model, the phenomenon of substitution between fields 

has three major causes: the expected gains in a given field; the need for young academics 

due to the ageing of individuals in the corresponding profession; and a significant need due 

to an increase in the number of jobs to be filled. In theory, when these three aspects 

coincide, their effects are cumulative, resulting in a considerable aspiration effect. The 

author's theoretical hypothesis is that this effect mainly affects those sections of the 

population with the weakest social positions, who seize the opportunities offered to move 

towards careers with a numerical deficit. 

On this basis, our objective here is to see whether the substitution phenomena 

between law and medicine, due to prestige, can be observed in both women and men. 
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5. The dataset 

Our empirical analysis is based on a study of the distribution of students in medical and 

law faculties in France. This unprecedented database required extensive reconstruction, 

verification and correction work. The study period covered extends from 1899 to 2022 in 

mainland France, with territorial mutations inherent to the historical context: from 1900 to 

1919, the University of Strasbourg is excluded from the data, and for the period 1915-1918, 

the University of Lille is excluded from the field of study. 

Student numbers in the faculties of medicine and law are taken from Diebolt's 

cliometric work for the period 1899-1963. The period 1963-2005 is based on the archives of 

the French Ministry of Education. Finally, from 2005 to 2022, the data is taken from Repères 

et Références statistiques published by the DEP. We have taken into account the total 

number of students at all levels, as well as the breakdown by gender.  

The series relating to the numerus clausus in medicine comes from the "Eco-Santé" 

statistical database of IRDES (Institut de Recherche et Documentation en Economie de la 

Santé) and covers the period 1971-2020, when the numerus clausus was replaced by the 

numerus apertus. While this quota remained relatively stable for the first six years, it fell 

sharply until 1992, when only 3,500 students were authorized to continue their studies after 

the first year of medicine. It then rose steadily until 2008, when it stabilized at around 7,400 

(Figure 2). 

Figure 2: Numerus clausus for medical studies in France, 1971-2019 
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Apart from declines during the two world wars, total student numbers in medicine and 

law remained relatively similar until the early 1970s, when the numerus clausus was 

introduced (Figure 3). From then on, the numbers of students in these two faculties 

developed a-cyclically.  

Figure 3: Total number of students in Law and Medicine in France, 1899-2022 

 

This a-cyclical trend is repeated when considering students by gender, with a phenomenon 

that seems more marked for male students than for female students, the latter experiencing 

a general upward trend that goes hand in hand with the expansion of female education in 

general (Jaoul-Grammare, 2013, 2018, 2022). 

Figure 4: Male law and medicine students in France, 1899-2022 
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Figure 5. Female students in law and medicine in France, 1899-2022 

 

On this basis, our analysis aims to answer two questions: is the phenomenon of 

substitution according to prestige between faculties a gendered phenomenon? Does the 

numerus clausus play an identical role for girls and boys? To do this, we have used the 

causality approach initiated by Granger. 

6. The methodology 

Granger’s causality requires the work within the framework of the non-structural VAR. 

In order to analyze the relationship between the various variables, we adopt the framework 

of Vector Autoregressive Model (VAR), introduced into the historical research by Eckstein et 

al. (1984)4. Non-structural VAR models present the advantage to take into account the 

intrinsic structure of the series and the dynamical effects between variables, offering more 

reliable analyses at the dynamical level than traditional models.5 They also offer the 

possibility to consider all causal relationships between variables without a priori on their 

potential endogeneity. In a VAR model, the variables are both exogenous and endogenous.6 

 

                                                           
4“The methodology of vector autoregression appears useful for studying historical series on climatic, economic 
and demographic variables where we do not yet have a sufficient theoretical foundation for specifying and 
estimating structural models”, p. 295. 
5The intrinsic structure of the series is related to its identification in the ARIMA classification (Box and Jenkins, 
1976). 
6Non-structural VAR models are sometimes criticized for requiring to include in the model a number of 
variables matching the degree of freedom in order to avoid estimation problems (Johnston, 1999), and for the 
lack of theory on which they rely. 
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Despite their historical opposition, there is a link between non-structural and 

structural model and it’s easy to move from one to another (Monfort and Rabemanajara, 

1990; Hendry and Mizon, 1993). In such models, each equation describes the evolution of a 

variable in function of its own lagged values and of the lagged values of other variables of 

the system.  

A VAR modeling can be written as: 

𝑋𝑡 = ∑ 𝐴𝑖
𝑝
𝑖=1 𝑋𝑡−1 + 𝜀𝑡      ⇔     Φ(L) 𝑋𝑡 = 𝜀𝑡,    (1) 

Where, 𝑋𝑡 is a (𝑛 ×  1) vector of variables, 𝐴𝑖  is a (𝑛 ×  𝑛) matrix, 𝑝 is the optimal lag 

of the model,7 and 𝜀𝑡  is a (𝑛 ×  1) vector of innovations /residuals. 𝐸(𝜀𝑡𝜀′𝑡) =  Σ is a 

symmetric positive (𝑛 ×  𝑛) matrix. Φ(𝐿) = �𝐿 −Φ1𝐿 − Φ2𝐿2 − ⋯−Φ𝑝𝐿𝑝� is a polynomial 

lag operator as 𝐿𝑘X𝑘 = 𝑋𝑡−𝑘. 

The use of this type of model requires beforehand to test for various assumptions.  

Step 1.— First of all, it is necessary to work with stationary variables8. Therefore, we 

use the unit root test of Elliott, Rothenberg and Stock (1996) – that is considered more 

efficient (Salanié, 1999) than the classic test of Dickey-Fuller (1979) –to determine the order 

of integration for all the series. Once variables are stationary, we select the optimal number 

of lags – that needs to be sufficiently big for residuals to become white noises. Several 

criteria contribute to determine optimal lags. All of them are based on the maximization of 

the log-likelihood function. Next, we proceed to the bivariate/multivariate cointegration 

analysis. 

Step 2. — The presence of cointegration relationship(s) has then to be tested (Engle 

and Granger, 1987; 1991).  To do so, we use the Johansen test (1988). Variables are said to 

be cointegrated if they exhibit long-run stable relationship(s), namely if they share common 

                                                           
7 There are several criteria to determine the optimal lag of a VAR modeling (Akaike, 1974; Schwartz, 1978; 
Hannan-Quinn, 1979), based on the maximization of the logarithm of the log-likelihood function. Here, the 
optimal lag of the model is the one which satisfies most criteria. 
8 A 𝑋𝑡 process is known as stationary if all its moments are invariants for any change of the origin of time. There 
are two types of non-stationary processes: the TS processes (Trend Stationary Processes) which present non-
stationarity of the deterministic type and the DS processes (Difference Stationary Processes) for which non-
stationarity is due to a random type. These processes are respectively stationarized by a deviation from the 
deterministic trend and with a differences filter. In this last case, the number of filters indicates the order of 
integration of the variable. A variable is integrated of order "𝐷" if it is necessary to differentiate it "D" times to 
make it stationary. 
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trends. The presence of cointegration needs to be corrected (Vector Error Correction Model) 

in order to avoid any problem of fallacious regressions (Granger and Newbold, 1976). 

Step 3. The detection of Granger causal relationships allows for a better understanding 

of economic, demographic and educational phenomena, but may also contribute to provide 

better economic policies. There are two approaches of causality (Granger, 1969; Sims, 1980), 

which are generally equivalent (Bruneau, 1996).9 We choose here a Granger test (1969) as 

we consider the potential relationships between our variables not depending on a stochastic 

context.10 

To study the direction and sign of causality, we investigate how our variable of interest 

reacts when a change occur on the second variable. Considering a two-variable model, 

Equation (1) can be written as follows:  

�𝑋𝑡𝑌𝑡
� = �𝐴1 𝐵1

𝐶1 𝐷1
� �𝑋𝑡−1𝑌𝑡−1

� + �𝐴2 𝐵2
𝐶2 𝐷2

� �𝑋𝑡−2𝑌𝑡−2
� + ⋯+ �

𝐴𝑝 𝐵𝑝
𝐶𝑝 𝐷𝑝

� �
𝑋𝑡−𝑝
𝑌𝑡−𝑝

� + [𝜀𝑡] (2) 

Then, for a causal relationship going from variable 𝑋 to variable 𝑌, the sign of this 

relationship is determined by the sign of the following ratio:  

  𝜎𝑋→𝑌 =
∑ 𝐶𝑖
𝑝
𝑖=1

1−∑ 𝐷𝑖
𝑝
𝑖=1

,      (3) 

Step 4. — Finally, we explore the dynamic relationship linking our variables of interest. 

The dynamic analysis consists in studying the effects of exogenous variables on the 

endogenous ones. Although VAR models consider all the variables exogenous and/or 

endogenous, the dynamic analysis requires considering innovations as exogenous variables. 

The simulation of shocks on innovations for each variable helps us to understand how 

(impulse response function) and to what extent/proportion (variance decomposition) others 

variables are impacted. In other words, we observe how a simulated shock on the innovation 

of the variable X affects the variable Y.  

 

                                                           
9Granger causality relates to the propagation of deterministic impulses such as structural changes. On the 
contrary, Sims analysis is based on the propagation of stochastic impulses representative of “surprises”. 
10The definition of causality is given by Granger (1969): the variable 𝑋 causes the variable 𝑌 if the prediction of 
𝑌 is improved when one incorporates information concerning 𝑋 and its past into the analysis. 
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Formally, the dynamic analysis consists in studying the residual part of equation 1. The 

right-hand part of the equation represents the “infinite moving average” of the VAR 

modeling, VMA (∞); where 𝑀𝑖  is the matrix of impact multipliers and 𝑀0 = 𝐼𝑛. Thus, a shock 

which affects the innovation 𝜀𝑡 at time 𝑡 will be reflected in all future values of 𝑋 

through 𝑀𝑖. 

Φ(𝐿)𝑋𝑡 = 𝜀𝑡     ⇔      𝑋𝑡 = Φ−1(𝐿)𝜀𝑡 = Ψ(𝐿)𝜀𝑡 = ∑ 𝑀𝑖𝜀𝑡−𝑖∞
𝑖=0 ,   (4) 

where Σ represents the variance-covariance matrix.  

We apply the Choleski decomposition to Σ = 𝑃𝑃−1, where 𝑃 is an upper triangular 

matrix with positive diagonal elements. Thus equation (4) becomes: 

𝑋𝑡 = ∑ 𝐶𝑖𝑃𝑃−1𝜀𝑡−𝑖∞
𝑖=0 = ∑ Ψ𝑖

∞
𝑖=0 𝑢𝑡−𝑖      (5) 

with Ψ𝑖 = 𝐶𝑖𝑃 and  𝑢𝑡−𝑖 = 𝑃−1𝜀𝑡−𝑖.        (6) 

The variance-covariance matrix of 𝑢𝑡 equals the identity matrix and Ψ𝑖  represents the 

response of the system after i period – following a normalized and independent shock on the 

innovation. The simulation of shocks allows us to analyze the direction and the intensity of 

their repercussions and impacts. 

7. The results 

Our analysis takes place in two stages: firstly, we study the period as a whole and then 

we analyse the period 1971-2020 in order to measure the effects of the numerus clausus. 

7.1. 1899-2022 

The unit root tests lead us to stationarize all the variables as presented in Appendix 1A. 

A necessary condition for cointegration between two variables is that they are integrated of 

the same order, so we test for the presence of cointegration; this is rejected by the Johansen 

tests (Appendix 1B). We can therefore conclude that there is no stable long-term 

relationship between the variables studied.  

Over the entire period, our analysis reveals a substitution phenomenon between the 

total number of students in law and medicine faculties. Indeed, there is a negative causal 

relationship from the total number of students in medicine to the total number of students 

in law (Appendix1C). Thus when the number of students in medicine knows a decline, the 



18 
 

number of students in law increases. This influence is confirmed by variance decomposition 

and shock simulations (Appendix 1D). 13% of the variations of the number of students in law 

are caused by those enrolled in medicine. The simulation of a positive shock on the number 

of medical students initially leads to a positive short-term increase in the number of law 

students, followed by a negative impact which diminishes after 5 years. 

When men and women are taken separately, the substitutability relationship is 

observed for men, with enrolments in medicine negatively affecting those in law (Appendix 

1C). This relationship of dependence is greater than for the total number of students: 34% of 

variations in the number of law students are due to variations in the number of medical 

students. The impact is transitory: a positive shock to the number of medical students has a 

negative effect on the number of law students for 4 years, then diminishes after 5 years 

(Appendix 1F). The causality analysis also reveals a positive relationship from the number of 

male students in law to the number of male students in medicine (Appendix 1C). This 

relationship is lower than the previous one: less than 10% of the variations of the male 

students in medicine are due to the variations of those in law (Appendix 1F). 

For women, if the starting point is also in the medical field, there is no substitutability. 

The causality test shows that an increase in the number of women in medicine leads to an 

increase in the number of women in law (Appendix 1C). Changes in the number of female 

law students are only 11% dependent on changes in the number of female medical students. 

Simulation of the shocks shows an immediate positive effect, which then becomes negative 

and decreases after 7 years (Appendix 1E). 

The phenomenon of substitution linked to prestige is observed for men but not for 

women. For these latter, however, the medical sphere seems to play a catalytic role in 

opening up higher education to women. 

6.2. 1971-2020 

Unit root tests and cointégration tests for this sub period are presented in Appendix 2A 

and 2B. The variables are not cointegrated. Thus there is no long run stable relationships 

between them.  

When the numerus clausus is taken into account, our analyses of all students show a 

positive causal relationship between the numerus clausus and the number of students 
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enrolled in medicine (Appendix 2C). So logically, when the numerus clausus 

increases/decreases, the number of medical students also knows an increase/decrease. 

Variations in the number of medical students are 15% dependent on variations in the 

numerus clausus (Appendix 2D). This dependence is illustrated by the simulation of shocks: 

following a positive shock to the numerus clausus (the latter is relaxed), the number of 

medical students is positively impacted for around 7-8 years (Appendix 2D). Although only 

4% of the variance in the number of law students depends on variations in the numerus 

clausus, the shock analysis shows that a positive shock to the NC has a negative impact on 

the number of law students, thereby helping to regulate the entire university system. 

Analysis by gender shows 1 causal relationship for male students and 3 causal 

relationships for female students.  

For male students, we observe the same relationships than on the whole students: the 

numerus clausus positively causes the number of male students in medicine. The 

dependence is around 12% and the impact of relaxing the numerus clausus is less long-

lasting than for all students (Appendix 2F). For female students, the 3 causal relationships 

can be summarised as follows: 

 

 

The variance in the number of female law students is 6% dependent on variations in 

the number of female medical students, which in turn is 11% dependent on variations in the 

numerus clausus. The latter is 10% influenced by variations in the number of law students.  

Even if the phenomenon of substitution between prestigious courses is not observed 

among female students, the numerus clausus still plays a regulating role. In fact, a relaxing in 

the numerus clausus leads to an increase in the number of female medical students, which in 

turn leads to an increase in the number of female law students through the development of 

higher education for women. However, if there is too large an influx of female students, this 

needs to be regulated, leading to a tightening of the numerus clausus (negative causal 

relationship between the number of female law students and the numerus clausus). This will 

then have an impact on the number of female medical students, which will fall. 
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Conclusion 

In extension to previous work on glutting and gendered study choices, this article 

addressed the question of gender distribution of students in French law and medicine 

faculties. Using an unpublished database spanning more than a century, the aim was 

threefold. Firstly, to see whether social prestige associated with a profession had the same 

influence on women and men in their choice of studies. Secondly, to study the presence or 

absence of any substitution phenomenon between prestigious branches, i.e. law and 

medicine. Finally, we aimed to see whether the regulatory role of the medical sphere 

operated in the same way for men and women. 

Over the entire period, we observed a substitution phenomenon among men, but not 

among women. For men, there is an a-cyclical trend in the number of students in the two 

most prestigious faculties in the French higher education system, while for women, medical 

studies seem to play an accelerating role in the overall development of women's higher 

education. The more recent period, taking into account the numerus clausus, confirms these 

results and highlights the regulating role of the numerus clausus both on medical studies and 

on the higher education system as a whole. While the numerus clausus plays a direct 

regulatory role in the male higher education system, it also plays an indirect role in 

regulating the female higher education system, by slowing down its development.  

One question remains nevertheless unsolved: what impact does the numerus clausus 

have on maintaining educational inequalities between men and women? This will be the 

subject of our future investigations. 
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Appendix 1: 1899-2022 

A) Unit root Tests 

Tested variable Null hypothesis Included variables ERS-Statistics Decision 

LAW Unit root Trend + intercept -1,33 Unit root 

DLAW Unit root Intercept -9,68 Stationnary 

MED Unit root Trend + intercept -1,56 Unit root 

DMED Unit root Intercept -8,69 Stationnary 

LAWF Unit root Trend + intercept -0,69 Unit root 

DLAWF Unit root Intercept -3,39 Stationnary 

MEDF Unit root Trend + intercept -0,94 Unit root 

DMEDF Unit root Intercept -10,37 Stationnary 

LAWM Unit root Trend + intercept -2,40 Unit root 

DLAWM Unit root Intercept -10,20 Stationnary 

MEDM Unit root Trend + intercept -1,45 Unit root 

DMEDM Unit root Intercept -8,97 Stationnary 

 

B) Johansen Cointegration test 

Tested 

variables 

Optimal 

lag p 

Hypothesized 

No. of CE[s] 

Eigenvalue 

 

Trace 

Statistic 

Critical Value 

[5%] Prob. 

MED and 

LAW 

3 None 0,09 17,5 25,87 0,38 

At most 1 0,05 5,59 12,52 0,51 

MEDF and 

LAWF 

3 None 0,13 24,92 25,87 0,06 

At most 1 0,06 7,94 12,52 0,26 

MEDM and 

LAWM 

3 None 0,10 15,39 25,87 0,54 

At most 1 0,02 2,63 12,52 0,92 
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C) Granger causality tests (P=3) 

Null hypothesis F-Statistic Sign 

DMED does not Granger Cause DLAW 5.19*** - 

DLAW does not Granger Cause DMED 0.81  

DMEDF does not Granger Cause DLAWF 0,40  

DLAWF does not Granger Cause DMEDF 5,17*** + 

DMEDM does not Granger Cause DLAWM 2,91** - 

DLAWM does not Granger Cause DMEDM 5,49*** + 

***, ** : significance at 1%, 5% 

 

D) Variance decomposition and shock analysis for all students 

Variance Decomposition of DLAW: 

Period S.E. DLAW DMED 

    
    1 6377.646 100.0000 0.000000 

5 6909.145 87.17315 12.82685 

10 6925.767 86.85130 13.14870 

    
    Variance Decomposition of DMED: 

Period S.E. DLAW DMED 

    
    1 6298.603 2.626384 97.37362 

5 6629.348 4.802271 95.19773 

10 6647.137 4.903124 95.09688 
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E) Variance decomposition and shock analysis for female students 

Variance Decomposition of DMEDF: 

Period S.E. DMEDF DLAWF 
        1 3950.256 100.0000 0.000000 

5 4049.020 99.02546 0.974537 

10 4061.375 98.84895 1.151050 
        Variance Decomposition of DLAWF: 

Period S.E. DMEDF DLAWF 
        1 2343.874 0.133850 99.86615 

5 2646.746 11.16672 88.83328 

10 2679.967 11.90719 88.09281 
 

            

-800

-400

0

400

800

1,200

1,600

2,000

2,400

1 2 3 4 5 6 7 8 9 10

Response of DLAWF to a positive shock on DMEDF     

     

 
 

F) Variance decomposition and shock analysis for male students 

Variance Decomposition of DLAWM: 

Period S.E. DLAWM DMEDM 

    
    1 5165.064 74.55332 25.44668 

5 5445.424 69.20490 30.79510 

10 5482.735 69.02168 30.97832 

    
    Variance Decomposition of DMEDM 

Period S.E. DLAWM DMEDM 

    
    1 4003.008 0.000000 100.0000 

5 4396.675 9.431878 90.56812 

10 4415.359 9.495353 90.50465 
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Appendix 2 – Period 1971-2019 

 

A) Unit root Tests 

 Null hypothesis Included variables ERS-Statistics Decision 

LAW Unit root Trend + intercept -1,71*** Unit root 

DLAW Unit root Intercept -3,70*** Stationnary 

MED Unit root Trend + intercept -1,76*** Unit root 

DMED Unit root Intercept -2,65*** Stationnary 

LAWF Unit root Trend + intercept -1,52*** Unit root 

DLAWF Unit root Intercept -4,50*** Stationnary 

MEDF Unit root Trend + intercept -2,34*** Unit root 

DMEDF Unit root Intercept -6,04*** Stationnary 

LAWM Unit root Intercept -1,98** Stationnary 

MEDM Unit root Trend + intercept -1,83*** Unit root 

DMEDM Unit root Intercept -7,94*** Stationnary 

NUMERUS Unit root Intercept -1,32*** Unit root 

DNUMERUS Unit root Trend + intercept -4,63*** Trend 

TDNUMERUS Unit root Intercept -2,77*** Stationnary 

**, *** : significance at 5% , 1% 
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B) Johansen Cointegration test 

 Optimal 

lag p 

Hypothesized 

No. of CE[s] Eigenvalue 

Trace 

Statistic 

Critical Value 

[5%] Prob. 

MED, LAW 1 None 0,17 11,50 25,87 0,85 

At most 1 0,05 2,34 12,51 0,94 

MEDF, LAWF 1 None 0,27 17,3 25,87 0,39 

At most 1 0,04 2,14 12,51 0,96 

 

C) Granger causality tests (P=1) 

Null Hypothesis: F-Statistic Prob. Sign 

DMED does not Granger Cause DLAW 1.68 0.20  

DLAW does not Granger Cause DMED 0.54 0.47  

TDNC does not Granger Cause DLAW 1.2 0.28  

DLAW does not Granger Cause TDNC 0.11 0.74  

DMED does not Granger Cause TDNC 1.62 0.21  

TDNC does not Granger Cause DMED 5.83** 0.02 + 

DLAWF does not Granger Cause DMEDF 0.74 0.39  

DMEDF does not Granger Cause DLAWF 2.72* 0.10 + 

TDNC does not Granger Cause DMEDF 2.74* 0.10 + 

DMEDF does not Granger Cause TDNC 1.67 0.20  

TDNC does not Granger Cause DLAWF 0.06 0.81  

DLAWF does not Granger Cause TDNC 5.99** 0.02 - 

DMEDM does not Granger Cause TDNC 1.00 0.32  

TDNC does not Granger Cause DMEDM 4.66** 0.04 + 

LAW_M does not Granger Cause TDNC 0.20 0.65  

TDNC does not Granger Cause LAW_M 0.52 0.48  

LAW_M does not Granger Cause DMEDM 0.20 0.66  

DMEDM does not Granger Cause LAW_M 1.74 0.19  

**, * : significance at 5%, 10% 



32 
 

D) Variance decomposition and shock analysis for all students 

          
Variance Decomposition of DLAW: 

Period S.E. DLAW DMED TDNC 

     
     1 5183.892 100.0000 0.000000 0.000000 

5 5633.813 90.09458 4.180897 5.724521 

10 5634.729 90.06574 4.183443 5.750817 

     
     Variance Decomposition of DMED: 

Period S.E. DLAW DMED TDNC 

     
     1 7884.537 2.069614 97.93039 0.000000 

5 8618.769 2.479670 82.64984 14.87049 

10 8629.073 2.476797 82.48168 15.04152 

     
     Variance Decomposition of TDNC: 

Period S.E. DLAW DMED TDNC 

     
     1 263.2821 0.582311 2.666757 96.75093 

5 315.4284 0.511714 8.120355 91.36793 

10 316.2441 0.515616 8.141467 91.34292 
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E) Variance decomposition and shock analysis for female students 

Variance Decomposition of TDNC: 

Period S.E. TDNC DMEDF DLAWF 

     
     1 291.5358 100.0000 0.000000 0.000000 

5 332.7226 87.30672 2.543994 10.14929 

10 332.7257 87.30570 2.544049 10.15026 

     
     Variance Decomposition of DMEDF: 

Period S.E. TDNC DMEDF DLAWF 

     
     1 5188.597 6.066875 93.93312 0.000000 

5 5432.607 11.67931 86.23755 2.083139 

10 5432.633 11.67954 86.23686 2.083602 

     
     Variance Decomposition of DLAWF: 

Period S.E. TDNC DMEDF DLAWF 

     
     1 3055.799 3.239343 0.003652 96.75701 

5 3172.714 3.374819 6.358514 90.26667 

10 3172.717 3.374866 6.358512 90.26662 
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F) Variance decomposition and shock analysis for male students 

Variance Decomposition of LAW_M: 

Period S.E. LAW_M TDNC DMEDM 

     
     1 3750.666 100.0000 0.000000 0.000000 

5 5901.838 95.86481 1.556313 2.578878 

10 6160.338 95.71576 1.633496 2.650742 

     
     Variance Decomposition of TDNC: 

Period S.E. LAW_M TDNC DMEDM 

     
     1 310.6121 0.285556 99.71444 0.000000 

5 327.0057 0.529507 98.02525 1.445243 

10 327.2150 0.644145 97.90947 1.446382 

     
     Variance Decomposition of DMEDM: 

Period S.E. LAW_M TDNC DMEDM 

     
     1 4083.296 2.623810 2.823669 94.55252 

5 4336.087 2.797327 12.56321 84.63947 

10 4336.535 2.815749 12.56114 84.62311 
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