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erature also has paid systematic attention to the different ways that educa-
tional systems allocate school leavers in the labor market. Itis frequently as-
serted that institutional characteristic®f educational systems affect the distri-
bution of skills and the employment and occupationdlreturns’ to education

of school leavers (Shavit and Muller 1998; Miller and Gangl 20@3van de
Werfhorst 2004; Wolbers 2007; Reimer, Noelke, and Kucel 2008; Andersen
and van de Werfhorst 2010; Altonji, Blom, and Meghir 2012). It is further
argued (e.g., Hall and Soskice 2001) that the institutional cogurations that
link education, training, and the labor market constitute differentvarieties

of capitalisnT” and have developed over the spedt histories of countries from
efforts by rms to solve coordination problems in the market (Thelen 2004;
Streeck 2005; Busemeyer and Trampusch 2012; Anderson and Hassel 2013).
The con guration of educational programs and outcomes, the impact of this
con guration for the matching of workers to labor market positions, and the
in uence of these institutional linkages for productivity and the organization
of work are seen as having broad consequences not only for skill distributions
of workers but also for the national economy, the distribution of wages and
earnings, and the level of inequality.

The comparative strati cation literature in sociology made signicant
progress in the 1980s and 1990s by identifying a set of institutional dimensions
along which national educational systems were thought to differ, such as the
vocational speci city of educational programs. This classicatory effort ex-
amined whether countries could be classed along these institutional dimen-
sions, as well as the impact of these dimensions on employment and occupa-
tional outcomes. Meanwhile, the comparative political economy literature
identi ed the historical factors that create path dependence in institutional de-
velopment in the face of common technical forces. But even though both lit-
eratures acknowledge thattraining regimes (Busemeyer and Trampusch
2012) differ across nations, research too often has treated these regimes as
undifferentiated “country-level’ variables. The possibility that institutional
effects vary within countries—meaning that they produce more tightly cou-
pled outcomes in some parts of th&raining spacé than others—remains
largely unexamined. Similarly, the posbhility that broad institutional accounts
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fail to capture accurately the pathwgs that link school outcomes with work-
force placement also remains largely unexamined. We argue that these gaps
stem from insuf cient appreciation of the importance of the granular struc-
ture of the pattern of linkages between detailed educational outcomes and
labor market positions. A theorettally adequate account of a countrg train-

ing regime cannot rest solely on broad ingtitional generalizations; instead,
the granular structure of linkages is an essential characteristic of the macro-
structure, and (as we will show) it is a characteristic that cannot be simply
(or accurately) deduced from broaéhstitutional generalizations.

In this article we advance the literature by developing a research agenda
for understanding the granular structure of linkages between educational out-
comes and occupational categoriesnpaéwe show how the well-known macro-
structure of training regimes emerges from the granular structure that under-
lies it. We demonstrate the theoretical importance of taking bothelds of
study and level of education into accounin order to accurately characterize
the national structure of linkages between educational outcomes and the la-
bor market. Attention to the actual structure of school-work linkages goes be-
yond the essential task ofestablishing the phenomendrbefore we attempt
to explain it (Merton 1987), although this is an important component of what
we propose. We argue that standard abstract characterizations of institu-
tional facts in this arena (e.g., that a natiors educational system is standard-
ized and vocationally specic) lack an adequate grounding in the granular
structure of these institutions as they actually affect the training and place-
ment of people.

Relying on statistical methods to asse multigroup segregation (Theil and
Finizza 1971; Theil 1972; Reardon and Firebaugh 2002; Mora and Ruiz-
Castillo 2011), we study whether people who have obtained a specievel
of education and specic eld of study within this level are employed in many
different kinds of occupations (weak linkage) or a more restricted set of oc-
cupations (strong linkage). We compare the school-to-work linkages in the
United States with those in two other countries that are the standard exam-
ples of different types of training regimes, namely, Germany and France
(Maurice, Sellier, and Silvestre 1986; Shavit and Muller 1998). The educa-
tional systems and labor market regulations are known to differ substantially
across Germany, France, and the United States, plausibly leading to strongly
divergent linkages between educational qualcations and occupational po-
sitioning. We use country-spect labor force surveys with a large number of
observations to estimate the strength of linkages in the three countries at a
level of resolution that is considerably greater than anything currently avail-
able in the comparative literature.

We outline a broad research agenda of important questions that poten-
tially can be answered with the linkage structure approach. We then illus-
trate the value of the approach by demostrating important new insights into
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the nature of the training regimes in Fraice, Germany, and the United States.
First, linkage strength is not homogeneaiwithin countries but varies greatly
across educational credentials and amss occupations. Second, country differ-
ences in aggregate linkage strength mask considerable variation in the size
of country differences at the level of educational categories or occupations.
Third, the long-argued structural difference between the effects of training on
occupational placement in France and Germany is considerably smaller than
commonly presumed since the work of Maurice et al. (1986), and the United
States is further from France and Germany in terms of total linkage strength
than France and Germany are from each other. We furthemd that the greater
total linkage strength in Germany than in France arises at least partly from
compositional differences (e.g., national differences in the proportion of
workers with educational outcomes that have relatively strong links to spe-
ci ¢ occupations) between the two countries and that many specieduca-
tional outcomes link as strongly or more strongly to occupations in France
than in Germany. Fourth, differences in linkage strength between Germany
and the United States are related to differences in the wage distribution of
the two countries. Net of occupational status, full-time mean occupational
earnings differences between Germany and the United States are found to
be positively related to the relative linkage strength of occupations in the
two countries. Taken together, these results illustrate the power of the new
approach for addressing many important questions about the articulation
of national educational systems with the labor market and the consequences
of this articulation for both micro- and macro-outcomes.

TRAINING REGIMES AND THEIR CONSEQUENCES
Strengths and Limitations of Existing Research

In the past quarter century, a large literature has emerged on the question of
how institutional and organizational characteristics of countries, schools, and
rms are related to accessing positions the labor market. Studies conducted
in the 1980s found that the structure of training regimes affects the match-
ing of school leavers to jobs, and through this mechanism, it also affects a

country’s distribution of school-leaving credentials (Maurice et al. 1986; All-
mendinger 1989; Rosenbaum et al. 1990; Rosenbaum and Kariya 1991). In-
stitutional linkages between school athwork are, along with macroeconomic
conditions, associated with national patterns of early career job search, un-
employment risk and duration, and the rate and outcomes of job mobility.
One aspect of educational systems that has appeared particularly relevant
in many studies is the vocational education and training sector, with Ger-
many’'s dual system as the prime example. Scholars have argued that in coun-
tries with extensive vocational education and training systems, the transition
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from school to work runs more smoothly than in countries where educational
systems focus more on general educatiat the secondary and lower tertiary
level (e.g., Shavit and Muller 1998). School-to-work linkages, moreover, are
generally stronger when employers are connected to schools in one sense or
another (Allmendinger 1989; Rosenbaum et al. 1990; Shavit and Muller 1998,
2000; Mller and Gangl 2003; Wolbers 2007; Mayer and Solga 2008; Ander-
sen and van de Werfhorst 2010). The evidence in favor of the German appren-
ticeship system has aroused debates in the United States about strengthen-
ing vocational education and taining by increasing employersinvolvement

in community colleges (e.g., Hoffman 2011), even as other scholars argue
that vocational education is detrimental because it lowers the odds of employ-
ment as workers progress through their career (Hanushek, Woessmann, and
Zhang 2011; Forster, Bol, and van de Werfhorst 2016).

Various aspects of training regimes have been studied extensively in soci-
ology (Allmendinger 1989; Blossfeld 1992; Kerckhoff 1996; Shavit and Muller
2006; Bol and van de Werfhors2013). Shavit and Miller (1998) summarized
the important cross-national differences into four core characteristics of ed-
ucational systems: (1) whether they provide general or specivocational ed-
ucation? (2) whether the educational curriculum is nationally standardized],
(3) the extent to which the system is strated via early tracking into different
curricula with little mobility among tracks (vs. later tracking with more sim-
ilar curricula and more mobility among tracks), and (4) the extent of creden-
tial in ation. These distinctions incorpoate an understanding of what Mau-
rice et al. (1986) referred to as the contrast betweeguali cation” spaces,
which are training regimes where vocational qualications are used to al-
locate persons to jobs, antiorganizational’ spaces, which are training regimes
where education provides general skills, with vocational skills then typically
learned after the onset of the work career via on-the-job training. In their
book, Germany was the model of 4quali cation” space, and France was
the model of an“organizational’ space. Shavit and Miiller (1998) argued
that credential in ation is a particular problem in organizational spaces where
job queues consist of generally educated applicants. In such systems, they
contended, young people feel pressure to acquire more education in order
to maintain a favorable position in the job queue. In contrast, the value of a
credential in quali cation spaces does not consist primarily in its position in
the hierarchy of credentials but instead is derived from the spedi skill it
represents.

2 General educational systems emphasize the teaching of general skiliseracy, arith-
metic, general cognitive skills, basic cultural and communication skilswhile speci ¢
vocational education systems focus on the teaching of particular functional tasks, e.g.,
the mastery of specic tools or machinery or crafts.

3 Using Allmendinger's (1989, p. 233) formulatiorfthe degree to which the quality of ed-
ucation meets that same standards nationwide.
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Meanwhile, the political economy literature has concentrated more in-
tensively on studying the evolution and coevolution of market economies
and education and training institutions. For example, it is argued that co-
ordinated market economies, such as Germany or the Netherlands, have de-
veloped vocational educational and @ining (VET) systems that provide the
range of specic skills required by rms in the production process. These in-
stitutions are maintained in coordinated market economies via the collabo-
ration between state educational institutions andrms and are backed by
state-sanctioned licensing requirements (Estevez-Abe, Iversen, and Soskice
2001; Iversen and Soskice 2001; Culpepper and Thelen 2008). The baseline
argument of this literature is that vocational education can only be an attrac-
tive option for students if workers are protected against dismissal. Employ-
ment protection legislation, although notn the interest of employers, is traded
for speci c skills formation in the educational system. Thelen (2004) argued
that vocational training systems were in fact fairly similar in Britain and
Germany up to the rst half of the 20th century. However, the vocational
system was successfully maintained i@ermany but not in Britain because
relevant German stakeholders (unlike their British counterparts) were able
to use these coordination mechanisms to modify the vocational training sys-
tem to the changing environments. As a consequence, Germany successfully
has maintained a high-skill, high-wage, manufacturing-centered economy
(Soskice 1991; Streeck 1991; Hall and Soskice 2001; Thelen 2004).

Cross-national variation in the structure of market coordination can also
be seen in the cross-national variation in licensing and credential require-
ments. Many occupations have licensing requirements even in liberal mar-
ket economies such as the United States and the United Kingdom (Weeden
[2002] found that 33% of U.S. workers in the middle 1990s were in occupa-
tions that require licenses)In contrast, while the German labor market makes
relatively little use of formal licensing requirements, it does extensively em-
ploy credentialing requirements, apprenticeships, and unionization, par-
ticularly for occupations that requie high levels of technical skill$.Bol and
Weeden (2015) estimate that 69% of jobs in the United Kingdom require ei-
ther an intermediate certi cate or a tertiary degree as compared with the 84%
of jobs in Germany that require a vocational certicate or tertiary degree.
The authors argue that the weaker reliance on collective bargaining (espe-
cially in the United States) and the stronger reliance on a relatively uncoor-
dinated educational system with regard to the speai skill requirements of

4More recent estimates from the 2006 Gallup survey put the proportion of workers in a
licensed occupation at 29% (Kleiner and Krueger 2010).

5Bol and Weeden (2015) estimate that only 5% of German workers are licensed, while
Haput (2014) estimates that 14.5% of workers are licensed.
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rms leads to an American workforce with greater inequality in both skills
and earnings and a smaller manufacturing sectér.

These cross-national studies recognize that training regimes have an in-
ternal, differentiated structure. This recognition notwithstanding, studies
of training regimes tend toward at least de facto treatment of countries as
relatively homogeneous units of analysis, whose features can be described
in terms of a few overarching dimensions. This approachts readily with
the idea of institutional coupling between education and the economy. Hall
and Soskice (2001), to take a notable example, view this coupling as central
to the enduring institutional continuities that produce country-speck re-
sponses to global challenges (e.g., the growing importance of the service sec-
tor even in countries like Germany) and that create system evolution with-
out convergence (Muller and Gangl 20G8 Hillmert 2008).

However, this approach runs the risk of overemphasizing internal insti-
tutional uniformity and underappreciating the extent to which convergence,
or the lack of convergence, varies across educational outcomes or across oc-
cupations. The upper tertiary education systems of Western European coun-
tries, for example, have been changing in partial synchrony in response to
the ministerial agreements that are collectively known as the Bologna Pro-
cess. Another example is the devgiment in Germany of broader and more
theoretical elite vocational programs that link a bachelos degree with an
apprenticeship in training in a workplace setting (Bosch and Charest 2012),
even as the share ofrms offering apprenticeships (especially among small

rms) has dropped and the dferentiation of apprenticeship options has wid-
ened (Thelen and Busemeyer 2012). A third example is the continuing de-
velopment in the United States of new professional and technical jobs, for
example, in information technology (e.g., network analyst or data commu-
nications analyst), in health elds (e.g., physicians assistant or skin care spe-
cialist), or in business (e.g., convention and meeting planners, cost estimators).
Sometimes these new or growing labor market opportunities are accom-
panied by new licensing requirements (e.g., for skin care specialist), and in
other cases not (e.g., for cost estimators). Patterns of hiring in the United
States and perhaps also in other countries evolve through institutional forces
other than licensing (e.g., the preference by employers for MBAs for certain
jobs), which may function similarly to the set of explicitly professional de-
grees for these university-level jobs that are used in Germany or the Nether-
lands (van de Werfhorst 2004).

As a consequence of technological, market, and institutional change, the
overall average difference between spea education-occupation linkages
across countries will mask substantial variation in the size of country differ-

% Kleiner and Krueger (2010) found that U.S. licensing requirements had a weaker impact
on within-occupation wage inequality than did unionization.
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ences for specic educational levels, spect elds of study, and specic oc-
cupations. In addition, in most cases,reployers will be more strongly incen-
tivized by either technical imperatives or institutional pressure-including the
legal force of licensing—to hire speci cally trained individuals for highly tech-
nical occupations regardless of the overall structure of tHeuali cation”
or “organizational’ space. Understanding how crossational educational dif-
ferences affect cross-national differences in inequality requires theory construc-
tion and empirical measurement at the level of speai educational levels,
elds of study, and occupations, as well as at the more macrolevel of coun-
tries, varieties of capitalism, and traiing regimes. This understanding is not
yet well developed in the comparative literature on educational systems and
school-to-work linkages and on their stratication consequences.

Arguments and research about these relationships typically have been
carried out at highly aggregated levels of analysis. The economists Goldin
and Katz (1998), for example, argued that rising inequality in the United
States is explained by the failure of educational supply to keep up with the
growing demand for high-skilled labor but their test for the United States
was based on an aggregate analysis with a crude two-skill (college and non-
college) operationalization. The political scientists Bradley et al. (2003) and
Busemeyer and Iversen (2012) analyze the impact on inequality of national-
level institutional features, such as union density, the centralization of col-
lective bargaining, rm involvement in training, or public investment in
vocational education. Comparative sociological approaches typically treat
national institutions in terms of a few dimensions assayed through an exam-
ination of a country's institutional features. They then use country-speai
regressions or multilevel regressions éxamine the outcomes of these country-
level institutional variables on individual-level outcomes such as occupa-
tional prestige, wages, the number of job shifts in the early career, or youth
unemployment (Allmendinger 1989; Miller and Gangl 20@8. These liter-
atures have been very productive, buait the same time they have abstracted
away from the actual linkages between educational outcomes and occupa-
tional positions that—at a theoretical level—they contend are a central attri-
bute of the educatiordabor market institutional complex. This abstraction
has created empirical paradoxes that the literature has not satisfactorily re-
solved.

As one important example, in a large comparative project on 13 coun-
tries, Shavit and Muller (1998) concluded that the vocational spedity of
educational systems was conducive to a smooth transition from school to
work. However, while their study found support for this proposition at the
country level, the expected microlevel association between educational track
and labor market outcomes has been empirically elusive. The studies able to
directly test this proposition at the individual level have not found strong
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evidence that the VET sector is particularly good for those who had been
enrolled in vocational education (lannelli and Raffe 2007; Wolbers 2007).

In short, the evidence is ambiguous on the microlevel foundation of more
ef cient transitions from school to work in countries with strong vocational
training systems. To address these ambiguities, the literature needs to rec-
ognize that considerable heterogeneity may exist in the strength of linkages
between quali cations and occupations within a specic country. Even in
weakly linked societies, such as the United States is asserted to be, strong
linkages will exist between elds of study that lead to regulated occupations
such as professional positions in health, education, or engineering. An ade-
quate framework for comparative and historical analysis must provide in-
formation about the granular structure of both strong and weak linkages
so that we can understand how aggregate differences in employment, earn-
ings, and mobility outcomes arise from structures as complicated as educa-
tional systems and labor markets.

The Theoretical Relevance of Linkage

When linkage is treated as a conceptual tool for theorizing and conducting
empirical research, it becomes apparetitat the granular as well as the macro-
structure of linkage are salient for several important research programs in
the social sciences. These programs can be stated in terms of both the causes
and the consequences of a countsylinkage structure.

Our approach, when applied to data, should provide insights into the ques-
tion of how linkages emerge. Two research lines on theseauses of link-
age are as follows:

First, the political economy literature has mainly interpreted the German
system as dskills machin€ (Culpepper and Finegold 1999) and largely as-
sumed that it is the human capital generated in education that makes for strong
linkages between education and occupation (van de Werfhorst 2011). How-
ever, as has been recently addressed, VET systems also involve strong reg-
ulation of access to occupations, which implies that mechanisms of occupa-
tional closure also shape the strength of linkages (Bol 2014, Di Stasio and van
de Werfhorst 2016). Further comparative research can investigate the ex-
tent to which quali cations are strongly linked to occupations because of
the skills they entail as opposed to institutionalized closure mechanisms that
arise from broader political, economic, and cultural forces. Our conceptual-
ization of linkage may also inspire research on the presumed coevolution of
employment protection and the spectity of human capital laid out in the
comparative political economy literature (Hall and Soskice 2001). From
our approach, one could deduce the hypothesis that stronger linkage at
the national level covaries with higher levels of employment protection or
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that weaker linkage at the group level coincides with higher levels of labor
market exibility.

Second, our approach additionally may encourage further research on the
impact of educational standardization on the school-to-work transition (All-
mendinger 1989). One question that emerges is whether we see stronger link-
ages in countries and elds where more nationwide standardization of cur-
ricula, examinations, and school resources takes place.

More generally, the linkage approach provides a more accurate and com-
prehensive measure of the precise ways that the educational system does or
does not articulate well with the labor market. Consequently, it enhances
the capability of scholarship to test theories of why and how occupational
placement works differently in different societies.

Moreover, we expect that the linkage structure has many important con-
sequences that intersect with existing research programs and yet are not well
understood. Some of the most obvious intersections are as follows:

Outcomes—The granularity of the linkage structure is likely to have an
impact on the distribution of educational outcomes. The utility of particular
levels of education and elds of study and their institutional availability
strongly in uences their rate of expansion and cross-national variation in
the distribution of credentials. Weak linkage for specic educational path-
ways may, in turn, raise uncertainty about the value of these educational routes
and diminish the rates of persistence in theseslds.

Job access—The structure of linkage may provide important insights
into access to and exit from part-time and contingent jobs, including tempo-
rary jobs, jobs on xed term contracts, and jobs that are irregular in terms of
work schedules. We expect the linkage strength for workers in part-time and
irregular jobs to be weaker than for full-time workers in regular jobs, but the
extent of this difference may vary by country as a consequence of the extent of
institutionalization of part-time or various forms of irregular work. Inequal-
ities between irregular and more regular forms of employment may be partly
related to linkage strength (and accompanying economic bens) in some
occupations rather than from the type of contract per se.

Within-occupation wage inequality—Linkage structure may be an impor-
tant component of the level of wage inequality within occupations. We gen-
erally expect that wage inequality within occupations would vary inversely
with the strength of occupational linkage to the educational system. To the
extent that workers within a single occupation have similar educational cre-
dentials, one might expect that their wages would be more similar both be-
cause their skills would be more similar and because they might more read-
ily see themselves as similar and thereby deserving of comparable treatment
in the labor market.

Between-occupation wage inequality-Linkage structure may also af-
fect the amount of inequality of wages between occupations. To the extent
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that greater occupational linkage implies a more uniformly trained work-
force within a given occupation, linkage might improve the productivity
and hence the typical pay of workers in that occupation. If greater occupa-
tional linkage implies greater solidarity among the workers within a given
occupation, this solidarity might increase their ability to organize collectively
and increase wages through collective bargaining and other mechanisms of
occupational closure.

Gender and race—Wage and earnings inequality by gender and by race/
ethnicity may be expressed partly through gender and race differences in the
linkage structure of educational outcomes and occupations. For example,
the comparatively high gender inequality in Germany, which is often ex-
plained in terms of its conservative'familial” welfare state policies (DiPrete
and McManus 2000; Aisenbrey, Evertsson, and Grunow 2009), may mani-
fest occupationally if German women are less able tmd employment in well-
linked occupations or avoid educational elds of study that link strongly to
occupational destinations. Such an explanation would illuminate processes
by which welfare states and gender cultures create structural barriers to
achieving gender equality. In a similar fashion, immigrants and their de-
scendants may nd it dif cultto nd employmentin well-paying, strongly
linked occupations and may therefore opt for more open, but also more dis-
advantaged, educational and occupational careers.

Career mobility—Linkage structure is an important aspect of career mo-
bility. Those with a credential from a strongly linked educational program
may have less mobility over th& career, given their specic degree and spe-
ci c skill set. Furthermore, one might expect that the strength of linkages
varies over the career and that the pattern of variation differs by country. Part
of this variation may arise from economng and technological change that pro-
duces trends in the industrial and occupational structure and distribution of
jobs. Part of the variation may arise from institutional exibility or barriers
to occupational mobility that would affect the relationship between years of
labor force experience and the structure of linkage.

Positional goods—Another broad research areaerved by our linkage ap-
proach concerns the positional character of educational quadiations. It has
recently been argued that education works more as a positional good in en-
vironments with weak ties between education and occupation (Di Stasio, Bol,
and van de Werfhorst 2016). From this it would follow that the positional
character of education would be more evident in societies and labor market
segments with weak linkages between education and occupation, leading, for
instance, to higher levels of overschooling.

Microclass approach—Finally, the structure of linkages may be relevant
to scholarship on occupationatmicroclasses (Grusky and Sgrensen 1998;
Weeden and Grusky 2005). The microclass approach emphasizes that im-
portant forms of within-group homogenization take place at the level of (de-
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tailed) occupations, rather than at the level of broad social classes as was
previously assumed in class theories. Three such homogeneity-inducing
mechanisms are allocation (who enters which class), social conditioning
(with which group does one identify with), and the institutionalization of
conditions (processes along which work is organized and rewarded; Weeden
and Grusky 2005). It is evident that linkages between educational quatia-
tions and occupations are key to all three mechanisms of class formation. In
other words, if one believes that class formation occurs through these three
processes, and that occupations are the level of disaggregation at which re-
searchers should then focus, it is important to understand clearly how edu-
cation and occupation, in detailed ways, are linked (van de Werfhorst and
Luijkx 2010). As such, the study of linkages may address criticisms of the
occupation-oriented study of stratication made by proponents of‘big
class research (Goldthorpe 2002) by using the occupational level of analysis
to better understand how educational outcomes are linked to placement in
“big classes.

We develop an analytical framework for measuring both the granular
structure and the macrostructure of linkage in the next section. In the pro-
cess, we demonstrate its value for institional analysis by using it to address
two speci ¢ substantive questions. First, we revisit the differences in linkage
structure between France and Germany that are predicted (but rarely stud-
ied empirically) from the*organizational spacéversus‘quali cational spacé
distinction of Maurice et al. (1986). Maurice et dk evidence was largely taken
from only a portion of the industrial distribution (metal and petrochemical
manufacturing). Moreover, their research is now over three decades old and
does not re ect changes that have taken place in the French educational sys-
tem (Goux and Maurin 1998; Ichou and Vallet 2013). It is important, there-
fore, to investigate the comparative linkage structure of these two countries
to determine whether the observations of Maurice et al. adequately describe
the current reality. In addition, we include the United States in the analysis
because of its institutional differences from both France and Germany. The
United States is a country that generally lacks a differentiated vocational
education and training system at the secondary level, and it is known to have
diffuse pathways from many of its postsecondary programs into the labor
market (Rosenbaum, Deil-Amen, and Person 2007Roth of these charac-
teristics would be expected to give the United States a distinctive linkage
structure.

”Most American high schools differentiate between a college preparatory and a general
or vocational track, and we take this into account later in the article. American high
schools often offer courses with spea vocational content, but these courses do not typ-
ically amount to a formal program or specialized diploma.
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Second, we demonstrate how an undeestding of the differences between
the linkage structure of the United States and Germany provide insights into
the earnings distributions of the two countries that go far beyond the insights
provided by the country-level characteristics approach of the comparative
strati cation literature. We have two specic theoretical expectations. The

rst is that within-occupation earnings inequality will vary inversely with
the strength of occupational linkages. Greater linkage means less educa-
tional variation, which should imply lower earnings inequality. Beyond this
expectation, however, we address the question whether country differences
in relative occupational earnings vary systematically with country differ-
ences in occupational linkage strength. If tighter matches between creden-
tials and occupations either produce a more productive occupational work-
force or enhance the ability of occupatital incumbents to bargain collectively,
the result would be higher mean earnings in that occupation than would be
the case otherwise.

ANALYTICAL STRATEGY

We describe in detail the computation of linkage strength in appendix A.
Here we provide a nontechnical understanding of the basic concepts and
results.

We conceptualize the strength of linkages in terms of the association be-
tween school-leaving credentials and labor market position. For any given
school-leaving credential, a strong linkage occurs when school leavers with
that credential cluster in a relatively small number of labor market posi-
tions. When eld of study is taken into account, the clustering should be even
stronger. When this pattern occurs across the distribution of qualtations
and elds of study, then education is tightly linked to the labor market. The
linkage measure is inhenatly relational. It measures an association between
educational and occupational outcomes that is simultaneouslyanular—it
provides information about the strength of linkage for spect and in prin-
ciple highly detailed educational or occupational categoriesand macro-
structural, in that it characterizes linkage strength for particular levels of
education, particular sectors of the labor market, or for the country as a
whole. As we argue above, the linkage structure of a country arises from in-
stitutional characteristics of both its educational system and its labor mar-
ket, and the causal effects of these two systems are entangled because they
develop and change in reaction to each other. In this section, we focus on
the linkage measure itself.

The theoretically most appealing measure of association for this phe-
nomenon comes from the generalized entropy family of segregation mea-
sures (see Mora and Ruiz-Castillo 2011; see also Theil and Finizza 1971; Theil
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1972; Reardon and Firebaugh 2002). These measures are based on the con-
cept of entropy. We refer to them a8linkage” measures below, although it
should be kept in mind that they are formally identical to multigroup segre-
gation measures. It is also important to keep in mind that segregation in
our context implies a tighter coupling between educational credentials and
the occupational structure of the labor market. In other words, a labor mar-
ket that is relatively highly segregated by educational credentials is one in
which linkage between education and occupation is strong. We begin with
a formal discussion, and then later we provide a more intuitive and substan-
tive interpretation that gives substantive meaning to linkage scores of a given
strength.

Entropy measures are based on the amount of additional information one
gains about an outcome by knowing a particular characteristic of the indi-
vidual. For example, entropy-based segregation measures for a cityeet the
gain in on€s ability to predict the neighborhood someone lives in if one
knows that personis race. Entropy-based measures of education-occupation
linkage strength re ect the gain in our ability to predict an occupation if we
know the persons educational category or, correspondingly, the gain in our
ability to predict a persoris educational level and eld of study if we know
that persoris occupation. We specically use the Mutual information index
(M index, represented formally byM ) to measure linkage strength (Mora
and Ruiz-Castillo 2011). We start with the concept of the entropy of a dis-
tribution of workers over education categories or, correspondingly, over oc-
cupation categories; iP, is the distribution of workers across education cat-
egories indexed by, then we write T(P,) as the entropy (see app. A for more
detail). The M index measures the average reduction in entropy i, be-
tween its overall value and its value within a specic occupation, averaged
over all occupations:

M = émT(Pg) —T(Py)),

wherej = 1,...,Jindexes occupations. IntuitivelyM is a measure of the
increase in the ability to predict what educational outcome a worker had if
we know his occupation, averaged over all occupations. Equivalentiyy
can be written as a sum over all educational categories and described as a
measure of the increase in the ability to predict what occupation a worker
isin if we know his educational outcome, averaged over all educational out-
comes.

We will refer to M as the linkage strength in a country for some sped
set of education and occupation categories. As with segregation measures,
M depends on the categories used (e.g., neighborhood-level segregation is
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different from and typically greater than city-level segregation). We are typi-
cally interested in education categories that differentiate both educational
level and eld of study with as much detail as is practical. We are also inter-
ested in detailed occupational categories that are nested within a set of ma-
jor occupational groups. For comparative analysis, we are interested in har-
monized categories that make use of as much detail as possible concerning
educational levels, elds of study, and occupations, while at the same time
maintaining comparability across either countries, historical time, or both.

The M is an attractive measure of linkage strength at the level of detailed
education-occupation categories because we can decompose it in three dif-
ferent ways that provide substantive insights into both the macrostructure
and the granular structure of linkage strength. The rst decomposition al-
lows us to determine the extent to which linkage between detailed educational
and occupational categories occurs primarily at the major occupational group
level or at the level of detailed occupations within major groups. Thisrst
decomposition, which is enabled by a nested structure ofie-grained sub-
groups within major groupings, also allows us to compare the relative im-
portance of educational levels and ofelds of study within educational levels
in constituting the overall structure of linkage between detailed education-
occupation categories in a country. Decomposing total linkage into compo-
nents derived from major occupational groups versus detailed occupations
or from educational levels versus elds of study can provide important an-
alytical insights into the granular structure of total linkage strengtl.

The second decomposition resolves the totll into “local” linkage com-
ponents for every specic occupation or educational category. As can be seen
in equation (1), total linkage is the weighted average of local linkage scores,
where the weights are the respective proportions of the categories. Notably,
M can be expressed as a weighted average of the educational outcome link-
age scoresM (ed) indexed bygin eqg. [1]), or as the weighted average of the
occupation linkage scored\ (occ) indexed byin eq. [1]). This second decom-
position is important because it allows the researcher to assess the contribu-
tion of each occupation and educational category to a countsoverall struc-
ture of linkage. Local linkage scores are useful because they allow researchers
to assess how variation in the linkage scores for specieducational or oc-
cupational categories across countries or over time are related to variation in
employment, earnings, and career outcomes.

8 An earlier approach to the dispersion of educationalelds of study across occupations
used the Gini-Hirschman index (Allen et al. 2000) with Dutch data on graduates from
universities and vocational colleges (HBOs) and lacked the decompositions that illumi-
nate comparisons across countries and over time. For a related contemporary approach
using the Gini concentration index applied to a sample of 4,898 respondents from the
Austrian Labour Force Survey, see Vogtenhuber (2014).
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M = XpM(ed); = >pM (ocg). 1)

g i

Country differences inM will be in uenced by country differences in the
marginal distribution of educational categories and by the marginal distri-
bution of occupations. HoweverM allows a third type of decomposition to
isolate that part of the country difference iVl that is composition invariant
by education categories, separating this distinct structural element from that
part of the country difference inM arising solely from differences in the mar-
ginal distribution of education in the two countries, as well as that part of the
country differences inM emerging from country-specic entropy of the occu-
pational distribution (Mora and Ruiz-Castillo 2011). This third decomposi-
tion alternatively can be expressed as a term that is composition invariant
by occupations, a term that arises solely from differences in the marginal dis-
tribution of occupations, and a term that arises from country differences in
the entropy of the educational distribution.

The linkage measures dened above have statistical distributions that are
described in Mora and Ruiz-Castillo (2008). Because our sample sizes are
large, sampling error is generally not large enough to be of substantive im-
portance. For results where sampling error is of interest, we estimate stan-
dard errors using bootstrapping.

A fair question to raise is about the substantive meaning of a total link-
age score for a country. Mora and Ruiz-Castillo (2011) note thit obtains
its maximum value for any given educational distribution at the value of oc-
cupational entropy for that specic country or time point, but this does not
provide useful intuition. It does not, for example, provide a substantive in-
terpretation about the difference between aM of 1.0 and anM of 0.5. Be-
cause the totaM is a weighted average of local linkage scores, the question
about the meaning ofM can be reframed as the meaning of a specilevel
of local linkage for an educational outcome or for an occupation. Measures
of local linkage provide information about the extent to which workers with
a given educational outcome are clustered in a relatively small number of oc-
cupations or about the extent to which workers in a given occupation mostly
have one of a small number of spect educational outcomes. We will use this
principle later in the article to provide a more intuitive interpretation of the
size of linkage strength.

CLASSIFICATION SCHEMES AND DATA

We analyze largeN labor force microdata for France, Germany, and the
United States. In the rst instance, we focus our analysis on a comparison
of the entire workforce, operationalized as employed persons who are not
full-time or part-time students. In order to get a more contemporary com-
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parison of linkage strength across the three countries, we then restrict the
analysis to workers who are no more than 10 years past the normal school-
leaving age for someone with their educational level. As we show below,
country differences using the full workforce are very similar to country dif-
ferences using workers who left school within 10 years of the date of data col-
lection.

For France, we use the Enquéte Emploi, which is a quarterly labor force
survey of 66-80,000 household members. The Enquéte Emploi uses a ro-
tating format, where all respondents in principle participate in six quarters
(1.5 years). We use all unique observations matching our schooling restric-
tions from the years 200512 in order to increase sample size. Our analyti-
cal sample for the entire workforce is 221,082.

For Germany, we use the Mikrozensus of 2006. The Mikrozensus is a ran-
dom sample of roughly 1% of German households with about 70% of these
cases available for analysis in the anonymized sciertiuse le. All house-
hold members who are 15 years or older are interviewed. The analytical sam-
ple for the entire German workforce is 200,401.

For the United States, we use a combination of U.S. Census data, specif-
ically the 2009 American Community Survey (ACS) and the Survey of In-
come and Program Participation (SIPP) Topical Modules on Education and
Training (plus core SIPP data) for the 2004 and 2008 panels. The ACS is a
survey of roughly 1% of the American population that contains information
about eld of study for the bachelots degree for respondents who have grad-
uated from a four-year college. We supplement the ACS with the SIPP be-
cause the ACS does not contain information ofeld of study for lower tertiary
educational credentials or for postgrduate degrees. The SIPP provides infor-
mation about elds of study for those who attained two-year degrees, includ-
ing both occupational and academic degrees. It also provides information
about elds of study for those who obtained high school diplomas or ceri
cates from vocational, technical, trade, or business schools. Finally, the SIPP
provides information about elds of study for those who obtain postgraduate
degrees.

The SIPP panels have realized sample sizes of 35,000 or more households
for each of the two panels (i.e., 70,000 for the combined SIPP samples). Be-
cause of the desirability of employing the large sample size of the ACS when-
ever possible, we also adopted a secomdputation strategy using ACS data
alone for measuring the contribution to linkage strength of workers with grad-
uate degrees. This alternative strategy produced almost identical results as
with the SIPP for the overlapping educational categories, and it has the vir-
tue of retaining a larger number of educational categories for the compar-
ative analysis. We describe this alternative strategy below. Using the same
sample restrictions for the United States as for Germany and France gives
an analytical sample of 1,449,070 for the United States. Since the SIPP con-
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tributes many fewer observations to the total sample size than does the ACS,
the SIPP weights are rescaled to align with the weights in the ACSAI-
though the years covered by the data vary somewhat (from 2004 to 2012,
depending on the country), we do not believe that the structure of linkages
has changed so rapidly over this period as to introduce major problems for
the analysis.

Education provides not only access to spea occupations but also favor-
able chances to be employed at all, which matters more during periods of eco-
nomic contraction than during economic expansion. In 2006, the unemploy-
ment rate in Germany was 11%. The French unemployment rate averaged
8.9% over the years for our data. The U.S. unemployment rate in 2009 (when
our ACS data were collected) was 9.3%. Limiting the analysis to those with
an occupation produces approximately the same rate of selection in all three
countries, although it should be kept in mind that we are studying linkage
strength by educational categories, conditional on having a job. A next task,
obviously, is to examine country variation in the impact of educational lev-
els and elds of study on the probability of having a job, or of having a se-
cure job, as well as country variation in the interaction between educational
levels and elds of study and macroeconomic conditions on the probability
of having a job or a secure job. Similarly, there are important distinctions be-
tween having a full-time job or a part-time job. There are also important dis-
tinctions between having a relatively secure job or an insecure job that is
institutionalized in terms of xed or inde nite term labor contracts in the
European context, or jobs understood to be temporary in the American con-
text (Kalleberg, Reskin, and Hudson 2000; Maurin and Postel-Vinay 2005).
It is highly desirable to analyze the variations in the structure of linkage
strength with aspects of the employment contract (just as it is desirable to
analyze variations in linkage strength by age or gender), but these analyses
are necessarily out of scope for the current article and are included in the
broader future research agenda discussed above. Oust objective is to un-
derstand the aggregate linkage structure for the employed workforce in the
three countries, and that is where we focus the initial analytical effort.

Occupation

The United States, Germany, and France each have their own occupational
coding schemes that are based on country-specilogics and idiosyncrasies
(Levine, Salmon, and Weinberg 1999; Brousse 2009; Paulus and Matthes

®We used the 2009 ACS because its use of the census 2000 coding allowed a more direct
conversion to ISCO-88. Because 2009 was the depth of the recent recession, we also es-
timated the U.S. linkage structure with 2011 ACS data. The results using 2011 data are
very similar to the results using 2009 data.
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2013). ISCO (the International Standard Classtcation of Occupations) is a
skill-based occupational classcation system develope at the International
Labour Of ce to provide the basis for comparing countries. The major in-
ternational class and status schemes (e.g., EGP, International Socioeconomic
Index [ISEI], Standard International Occupational Prestige Scale) are based
at least in part on ISCO (Ganzeboom, De Graaf, and Treiman 1992)The
European Union (EU), moreover, requires the national statistical agencies of
the member countries to include ISCO coding for occupations in the national
labor force surveys. ISCO has been regularly included in data sets produced
by the National Opinion Research Center and has been adopted as the stan-
dard for occupational classication by ZUMA (Ganzeboom and Treiman
1996). At the same time, each of the countries under study in this article has
maintained its own national systems that deviate in various respects from
ISCO, with the consequence that greater occupational detail can be reliably
obtained from the national classication systems even as ISCO remains the
best option for comparative analysis at a reasonable level of detail.

In this article, we primarily use three-digit ISCO for cross-national com-
parisons because it is the international standard and, by EU regulations, is
already coded into the German and French data by the national statistical
agencies. We converted U.S. Census 2000 codes into ISCO-88 codes using an
existing crosswalk (Elliott and Gerova 2005). In our analyses we nest de-
tailed three-digit occupations (e.g., police inspectors, health professionals, pri-
mary school teachers) within 10 majooccupational groups, which are dened
as the rst digit of this classi cation. A listing of the major occupational groups
as well as the detailed occupations in our study can be found in tables D3 and
D4. We harmonized the ISCO-88 three-digit groups so that the same 90 oc-
cupational categories were used in all three countries.

In addition, we employ a sensitivity check on our results by redoing our
analyses using native occupational classiations for each country, specically
the French National Classi cation of Occupations and Socio-Occupational
Categories 2003 (PCS-2003), the Klasgierung der Berufe 1992 (KIdB-1992)
for Germany, and the 2000 census occugianal codes for the United States.
The native classi cations are considerably more detailed than are the three-
digit ISCO categories, and therefore they enable a moraely resolved mea-
sure of linkage. Even though results using native categories are not directly
comparable across countries, they allow us to determine whether the con-
clusions that we draw using ISCO are robust to the differences between in-
ternational standard coding schemesna native coding schemes for occupa-

19The Erikson and Goldthorpe (EGP) class schema also use information on employment
status (especially employee vs. self-employed) and on the supervisory responsibilities of
the job. ZUMA = Zeutrum fir Umfragen, Methoden, und Analysen (Center for Survey Re-
search and Methodology).
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tions. The use of native occupationatodes raised the number of occupational
categories to 486 in France, 337 in Germany, and 471 in the United States.

Education

All comparative studies on education face the ditulty of measuring educa-
tion in consistent ways cross-nationallyA substantial literature has evolved
on how one can achieve maximum coparability of educational quali cations
with a minimum loss of information (e.g., Miller and Karle 1993; Ishida,
Muller, and Ridge 1995; Kerckhoff, Ezell, and Brown 2002; Schneider 2010).
In this article we rely on the International Standard Classication of Edu-
cation 1997 (ISCED), which distinguishes vocational and general/academic
forms of secondary and tertiary education (UNESCO 2006). This variable,
which we denote aseducational level; is rather similar to the CASMIN (Com-
parative Assessment of Social Mobility in Industrial Nations) classcation of
educational attainment thatis used in much of the comparative work to date.
However, we prefer ISCED over CASMIN as the CASMIN project did not
include the United States and hence is less suitable for comparisons including
that country (Kerckhoff et al. 2002). ISCED has been used in major interna-
tional surveys such as the European Social Survey, the European Union Sta-
tistics on Income and Living Conditions , and the Program for International
Student Assessment studies. Our ISCED measure consists of 12 levels of edu-
cation, which ranges from no education (ISCED level 0) to post BA (bachelor
of arts) degrees (ISCED level 6). Not all levels are available in all countries,
but the number of available levels is 9 in Germany, France, and the United
States. The ISCED codes for France and Germany are assigned by the na-
tional statistical agencies, and for the United States we performed a conver-
sionof U.S. categories into ISCED categories. Because of the importance of the
distinction between a master and a doctoral level postgraduate degree in the
United States, we separate these into levels 6A and 6B. The educational in-
formation available in the German and French datado notallow a separation
between bacheldis and masters degrees, which did not exist as separate de-
grees before the Bologna Process that harmonized European higher educa-
tion systems gradually since 1999. The equivalent of the standard university
degrees in France and Germany is coded 5A by the national statistical agen-
cies™ In the analyses below, we present results based on the full set of ISCED
distinctions available in the data as well as some additional collapsing of
ISCED levels to achieve greater harmonization (and later in the article we
consider distinctive American highest level of schooling completed features

11n this article, we employ the convention of placing level 6 German and French work-
ers into level 6A in charts and tables that include U.S. data that make use of the 6A and
6B distinction.
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such as the GED [general educational diploma] arfdome collegéwithout a
credential). A summary of the ISCED levels can be found in table D1.
Fields of study within levels of education are also harmonized using the

ISCED. We use the two-digit elds of study measure, which distinguishes a
maximum of 24 elds within levels, and we code theeld of study informa-
tion in the data for the three countries into theseelds. Examples of the two-
digit ISCED elds include*health,” “personal service$,and “business and
administration.” A complete list of all the two-digit ISCED elds of study
isin table D2. Our coding system includes afother’ code for those respon-
dents who had a eld of study that was not classiable into one of the 24 ex-
plicit elds. Individuals whose eld was“general are included in a“generaf

eld (for some educational levels in some countries, everyone at this level is in
“general). A very small fraction of the respondents had a missingeld (these
individuals had a eld, the eld was not“other,” but it was not recorded be-
cause of refusal or some other reason). This very small number of individ-
uals with missing elds were dropped from the analysis.

Our nal educational measure is a combination of a speci educational
level and eld of study (we sometimes refer to this combination devel

eld”). In each country, elds of education are nested within levels of edu-
cation. If all levels had all elds, we would have 216 (% 24) different cat-
egories in our educational variable, but of course many of these combina-
tions are nonexistent (e.g., there are neelds in primary education). More
generally, the number of level-eld combinations that are available, as well
as the content of these combinations, differs across the countries under study.
To give an example, in Germany one can obtain a business and administra-
tion quali cation at the upper secondary level, whereas such a quatation
is not available in the United States. In general, we do not have information
about elds of study at the secondary level in the United States because, for
the most part, they do not exist as distinct school-leaving credentials. Later
in the article, we examine both the difference in linkage strength across the
three countries that stems from their entire (harmonized) set of school-leaving
outcomes and also the difference that exists between the United States and
the European countries if we suppress secondarglds of study in France
and Germany to arti cially match the lack of eld differentiation in Amer-
ican secondary school-leaving credentials.

We only include level- eld combinations with at least 100 observations
in order to mitigate sparseness bias that would otherwise iate the cal-
culated value ofM. Given the size of the samples we employ, the excluded

12 ater in the article, we also address the implications of distinguishing between Amer-
ican workers whose highest educational attainment is high school completion who stud-
ied in a“vocational/businesshigh school program vs. arfacademic/generdlhigh school
program.
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categories contain a very small portion of the working population in each

country (.77% in Germany, .73% in France, and .0001% in the United States
using the*ACS-boost imputation described below). Using the 100 observa-
tion threshold along with the obvious condition that the category must exist

in a country in order to be included results in 73 educational categories in
France and 82 categories in Germany.

When using the SIPP data for graduate degrees as well as for commu-
nity college and occupational certicate degrees, we obtain 58 educational
categories in the United States using the 100 observation threshold. In ap-
pendix C, we examine the impact of lowering the observation threshold for
the SIPP from 100 to 50, and we also employ two alternative strategies for
imputing  elds of study for graduate degrees using the ACS. All four of these
methods produce very similar results and create high codence in our im-
putation method of choice. We describe the approach employed in the ar-
ticle’s main tables as thé ACS-boost imputation. We identi ed a set of oc-
cupations (entirely professional and managerial) for which graduate degrees
are common and would (for licensing or other reasons) very frequently be in
the same eld as the occupation itself (this list is in app. C). We then used
the ACS data to determine the proportion of workers in these occupations
that had a bachelofs and also a postgraduate degree. We next selected at
random the fraction of workers in this occupation from the BA+ ACS sample
and assigned their eld of study to the eld that most closely matched their
occupation. For the remaining workers, we retained the BAeld of study
recorded in the ACS. For example, if 30% of civil engineers had a postgrad-
uate degree, we chose 30% of the BA civil engineers in the ACS at ran-
dom, and we changed the eld of study for that 30% to engineering while leav-
ing the BA eld of study from the ACS in place for the other 70% of civil
engineers. Even though we are forcing tight linkage for a (varying) fraction
of the postsecondary degrees in this imputation, thd computed is almost
identical to the M computed using the actual graduate degrees reported in
the SIPP, which is reassuring given that graduate degree holders make a
greater contribution to total linkage strength than their relatively small share
of workers might suggest (seeg. 3 and app. C). Using the imputation method
allowed us to expand the number of education categories in the United States
from 58 to 81. We therefore focus our analysis of the U.S. data on the ACS-
boost imputation for graduate degree holders while continuing to employ the
SIPP data for community college graduates and postsecondary occupational
certi cate holders.

For any given category schemayl is sensitive to sample size, which means
(as we veri ed through simulation studies) that the calculated value & is
larger when cells are only sparselylled. To make sure that our analyses are
not affected by this, we ran our analysis on smaller randomly drawn sub-
samples of the original sample and examined how this affect&dl. These
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sensitivity analyses showed that total linkage strength only increased when
the sample size was smaller than 200,000 observations with our operation-
alization of occupations, educational levels, and educationatlds, and the
“sparsenesshias only became notable (greater than 3%) when the sample
was around 30,000 or less. The sample size in each of our three countries
was so large as to make sparseness bias unimportant.

As described above, we also did a sensitivity check by using native cod-
ing in place of harmonized coding for each of the three countries. In the case
of education, we focused on the nativeeld of study codes in the Enquéte
Emploi for France and the Mikrozensus for Germany, which we combined
with CASMIN educational levels in order to obtain level- eld combina-
tions. This substitution increased the number of educational categories in
France from 73to 216 and in Germany from 82 to 205. For the United States
we used the full set of elds of study in the SIPP and in the ACS, which was
not much larger than the number of harmonized elds. We also created ad-
ditional educational levels for GED and for some college with no degree. This
elaboration raised the number of educ@nal categories in the United States
from 82 to 90. Then, in a separate analysis (which only uses SIPP data for re-
spondents whose maximum education was high school), we differentiated be-
tween high school graduates (but no college) who studied in a vocational
or business-oriented high school program and high school graduates who
studied in an academic or general high school program. This elaboration had
only a very minor impact on the American results, and so we do not report
these elaborated results here.

To repeat, we rst focus our analysis on a comparison using harmonized
categories because they are directly comparable across the three countries.
We then determine whether the conclusions we reach using the harmonized
categories appear consistent with the giare obtained using native categories.

RESULTS

Table 1 shows the differences in the distribution across educational levels in
the three countries. The main differences can be readily summarized. First,
while the American lead in rates of college graduation in recent cohorts has
been eroded (DiPrete and Buchmann 2013), the United States continues to
have a higher fraction of workers who have an upper-level tertiary degree
or higher. At the lower tertiary level, however, France and Germany have
more degree holders than does the Unitettates. Secondary school graduates
are organized differently across the three countries. In the United States,
2B and 2A correspond to high school dropouts, while those with no more
than a high school diploma or a GED are in 3A. Germany has 7% of its
workforce coded into 4A, which are one-year programs in specialized vo-
cational high schools concluding with a vocational credential and a school-
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TABLE 1
DISTRIBUTION BY EDUCATIONAL LEVEL IN FRANCE, GERMANY, AND THE UNITED STATES (%)

United

Level Description France Germany States
0.t Preprimary education 5 S .8
1......... Primary education 6.6 2.1 3.5
2B....... Lower secondary, direct access to 3C - 8.3 3.6
2A .. Lower secondary, access to 3A/3B 17.3 34 4.1
3C....... Upper secondary, labor market access 28.0 ... o
3B....... Upper secondary, access to 5B 4.0 49.8 ...
3A ... Upper secondary, access to 5A 12.3 2.2 51.6
4A ... Preparation for entry to level 5 . 7.3 ce.
5B....... Tertiary education, occupation spect 13.0 9.8 6.8
5A....... Tertiary education, theoretical 17.8 15.9 18.9
6......... Tertiary education, advanced (Germany and France) .6 13 ...
6B....... Tertiary education (U.S. mastes) c. o 7.5
6A ....... Tertiary education (U.S. Ph.D.) c S 3.4

Total . . . 100 100 100

Note.—Percentages are based on the weighted analytical samples for each country.

leaving certi cate that typically quali es the holder for higher education
(e.g., aFachhochschulreif¢. In some of the analyses below, we collapse the
sublevel categories at levels 2 and 3, and we group 4A with lower tertiary (5B)
in order to create greater comparability across countries.

We start with a baseline analysis of linkage strength by focusing solely
on the linkage characteristics of educational levels without any consider-
ation of elds of study. We do this because almost all the comparative liter-
ature has restricted attention to the study of educational levels, and so it is
important to know how much of a difference it makes when elds of study
are included in the analysis. Table 2 shows that the overall strength of link-
age between educational levels and deleed harmonized ocapations (as mea-
sured byM ) is roughly the same size for France and Germany, and both of
these countries have somewhat higher linkage strength than the United
States. Moreover, the contribution of spect ISCED levels to overall link-
age strength differs considerably by country; as we will see below, these dif-
ferences stem from a combination of cotiry differences in the distribution of
workers across educational levels and country differences in the linkage
strength of specic educational levels.

We then examine the extent to which leveleld combinations matter for
total linkage strength. To do so, we use equation (Al) to decompose total
linkage strength—measured using detailed hanonized occupations, ISCED
educational levels, and harmonizedelds of study—into four terms:
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TABLE 2

LINKAGE STRENGTH FROM ISCED EpucaTioN LEVELs ONLY (Ignoring Field of Study)

IN FRANCE, GERMANY, AND THE UNITED STATES

United

Level Description France Germany States
O......... Preprimary education .004 ... .004
1o........ Primary education .034 .017 .024
2B....... Lower secondary, direct access to 3C . .040 .016
2A ... Lower secondary, access to 3A/3B .031 .006 .014
3C....... Upper secondary, labor market access .053 ... L.
3B....... Upper secondary, access to 5B .010 .061 ...
17 N Upper secondary, access to 5A .016 .006 .047
4A ... Preparation for entry to level 5 o .020 -
5B....... Tertiary education, occupation spect .056 .028 .007
5A ....... Tertiary education, theoretical 122 129 .056
6......... Tertiary education, advanced (Germany and France) .012 .028 ...
6B....... Tertiary education (U.S. mastes) c o .054
6A ....... Tertiary education (U.S. Ph.D.) o o .052

Total . .. .340 .335 274

B.

C.

D.

Linkage across occupational major groups by educational levels.
Linkage across detailed occupations within major occupational groups
by educational levels.

Linkage across occupational major groups by educationaglds within
levels.

Linkage across detailed occupations within major occupational groups
by educational elds within levels.

Decomposition term A resembles most strongly the focus of the current
school-to-work literature; it analyzes tle extent to which total linkage strength—
measured at the level of detailed edation and occupation categories-arises
from the process by which educational levels sort workers into major occu-
pational groups (e.g., managers vs. clerical workers or skilled manual work-
ers vs. low-skill manual workers). Term B of the decomposition brings more
detall into the occupational structurgwhile keeping the focus on educational
levels. This term will increase if there are educational levels that sort clearly
into speci ¢ occupations within major occupational groups. The magnitude
of decomposition term C measures the extent to which speci elds of study
within levels of education sort people into particular major occupational groups,
for instance, when lower tertiary graduates from engineering programs are
more likely to be employed in the group oflower professionals, techniciaris
while lower tertiary graduates in persnal services are more likely to beservice/
sales workers. The fourth and last term (term D) measures the contribution
of speci c linkages between detailed occupations within major groups and
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educational elds of study within educational levels. The magnitude of this
term depends on whether there is clear sorting from speci elds of study

to speci ¢ occupations within major occupational groups, for instance, when
graduates from medical school enter the occupation of medical doctor as op-
posed to engineer (both being professions). The relative contribution of these
four terms to a country's total linkage strength is shown in gure 1.

Figure 1 shows that a sole focus on educational levels (see table 2) greatly
understates both the total linkage strength and the difference in linkage strength
across these three countries. Fields of study contribute substantially to total
linkage, accounting for 67% of total linkage strength in Germany, 56% in
France, and 41% in the United States. When theseld of study contributions
are taken into account, it is evident that Germany has a greater total linkage
strength than France, and the United States has relatively weak total linkage

1.00-

0.751

] - -

0.00- | | -

w
=

Total linkage strength

France
Germany

M A. Between major occupations, by level
B. Between minor occupations within major occupations, by level
Bl C. Between major occupations, by field within level
B D. Between minor occupations within major occupations, by field within level

Fic. 1—Total linkage strength of educational levels andelds of study in France, Ger-
many, and the United States. Color version available as an online enhancement.
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strength. We see that the ability of spect elds of study within educational
levels to sort workers across occupational major groups is an important rea-
son why M is higher in Germany and France than it is in the United States.
The speci ¢ sorting consequences oklds of study, moreover, differ between
Germany and France. While the sorting of elds of study into major groups
contributes more to total linkage in Germany than in France, we see irgure 1
that much of the larger harmonized detailed linkage strength in Germany rel-
ative to France comes from the linkage of spea elds of study within edu-
cational levels to specic occupations within major occupational groups.

The contributions to the total linkage strength of a country come from the
size of the linkage scores for each educational category weighted by the rela-
tive size of the educational category, or equivalently from the size of the link-
age scores for each occupation weighted by the relative size of the occupation
(see eq. [1]). The local linkage scores themselves are preciselyel in ap-
pendix A in terms of the average of (a function of) the ratio of the proportion
of the workforce in speci ¢ occupation-education categories compared with
what the proportions would be if education and occupational outcomes were
independent. More concretely, they indicate how much clustering there is in
terms of occupational destinations, conditional on education, or in terms
of educational origins, conditional on occupation. The higher the local link-
age score, the greater is the proportion of workers with that educational out-
come who are located in the most common occupational destinations for that
particular educational outcome. This fact provides a simple way of obtaining
useful intuition about what local linkage scores mean in substantive terms.

As we show in table D8, we can accurately predict the proportion of work-
ers in, for example, the three most common occupational destinations, or the

ve most common occupational destinations, or the 10 most common occu-
pational destinations, as a function of the educational linkage score. Impor-
tantly, these prediction equations are very similar for all three countries. In
rough terms, one gets a pretty good prediction of the proportion of workers
with a given educational outcome in the three most common occupations as
one- fth of the linkage score plus 0.2. In other words, if the local linkage score
is 0.4, roughly .2+ .2 x .4 = .28 (i.e., 28% of the workers with that educa-
tional outcome) are predicted to be in one of the three most common occu-
pational destinations for that educational outcome. If instead, the local link-
age score is 2.0, thenroughly 2 .2 x 2 = .6 (i.e., 60% of the workers with that
educational outcome) are predicted to be in one of the three most common
occupational outcomes for that educational category. A similar calculation
can be done if we are focusing on occupational linkage scores instead of ed-
ucational linkage scores; in the case of occupational scores, the prediction
concerns the proportion of workers in the occupation who have one of the three
most common educational outcomes for workers in that occupation.
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Figure 2 demonstrates the connection between local linkage scores and
clustering for three educational outcomes in Germany. A health degree at
ISCED 5AB/6 in Germany has a very high local linkage score of 3.42: 90.5%
of the workers with this outcome are in the three most common occupations
for that educational outcome, with almost all of these workers being in the
health professionals occupational cagery. Math and statistics (ISCED 5AB/6)
has a local linkage score of 2.07. Most of these workers (64.6%) are in the
three most common occupational destinations for this educational outcome,
with about 4 in 10 being in mathematics and statistics. Graduating in health

Health (ISCED 5AB/6)

Local linkage: 3.42

Health professi- | | Health associate Nursing and
onals professionals midwifery
(86.1%) (3.2%) (1.2%)
Math and statistics
(ISCED 5AB/6)
Local linkage: 2.07

Mathematicians | |Computer associ{ | Architects and
and statisticians | |ate professionals engineers
(41.4%) (16.0%) (7.2%)
Health (ISCED 3ABC)

Local linkage: 1.49

Personal care Nursing and Social work
workers midwifery associate prof.
(27.2%) (25.1%) (9.6%)

Fic. 2—Proportion of workers in the three most common occupational destinations, for
three illustrative educational outcomes in Germany. Percentages for each of the three edu-
cational outcomes sum to less than 100% because some workers with each of these edu-
cational outcomes are in occupations other than the three shown. Occupations shown are
the three most common occupational destinations for workers with the indicated educa-
tional outcome.
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at ISCED 3ABC has a local linkage score of 1.49. For this educational out-
come, 61.9% of these workers are in the three most common occupations, with
only 27.2% being located in the most common occupation (personal care
workers) but another 25.1% being in nursing and midwifery. These three ed-
ucational outcomes reveal very clearly the connection between the size of the
local linkage score and the extent of occupational clustering for workers with
any given educational outcome.

Moreover, because totaM is the weighted average of the local linkage
scores (using either the educational or the occupational scores), we can read-
ily interpret the difference between the totaM for Germany relative to the
United States. In Germany (with a total linkage score of 1.01), roughly 40%
of workers are in one of the three most common occupational destinations
for their educational outcome. In the Uited States (with a total linkage score
of 0.463), only about 29% of workers are in one of the three most common
occupational destinations for their eduational category. Of course, these ap-
proximate averages encompass considerable heterogeneity in both countries:
workers with some educational outcomes are tightly clustered in only one or
two occupations, while workers with other educational outcomes are scat-
tered across many occupations. But, on average, workers are more tightly clus-
tered in the modal occupational destiations in Germany or France compared
with the United States.

The contribution to M of speci ¢ educational levels and elds of study
is—as shown in equation (B-the product of the strength of local linkage
and the relative size of the category. Tése contributions can be summed within
educational levels to show the total contribution tdv of all the specic elds
of study for each educational level. Thegetal contributions, which are graphed
in gure 3, demonstrate important cross-national differences in the strength
and pattern of education-occupation linkage. Fields within level 3C contrib-
ute most strongly to overall linkage sength in France at the secondary school
level, whereas 3B matters mostin Germany. In the ISCED scheme, 3C repre-
sents upper secondary education not designed to lead directly to other tertiary
education, and 3B represents upper secondary education designed to provide
directaccessto vocational education atthe tertiary level. Accordingly, our re-
sults seem to reect national differences in secondary school-level vocational
education systems, which is consistent with Shavit and Muller (1998).

However, even though the school-to-work literature has in the past em-
phasized the importance of linkage at the secondary school level, it is clear
from gure 3 that linkage matters substantially at the tertiary level. We see
strong linkages between elds of study and occupations within the lower
tertiary 5B category in both Germany and France, which conrms that link-
age remains relevant beyond the space of secondary school level VET and
into tertiary education. This nding would not be visible without examin-
ing elds of study within levels of education. Figure 3 makes clear that the
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Fic. 3—Sum of contributions of elds of study to total linkage strength, by educational
level and country. Color version available as an online enhancement.

big difference between the United States and either France or Germany is
at the secondary and lower tertiary educational levels. At the upper tertiary
level (5A/6B) and at the doctoral level (6A), the educational categories are
contributing as much to total linkage in the United States as they are in
France and in Germany. This difference, as we will see below, is driven not
by greater linkage strength at spect tertiary educational levels and elds
of study in the United States but rather by the greater fraction of the work-
force at these educational levels in the United States than in Germany or
France.

We emphasize again that the contribution of speat elds within levels
to overall M is driven partly by linkage strength within a category and partly
by the share of all workers in that category. In appendix tables D5, D6, and
D7, we report the linkage strength for elds of study within a condensed set
of educational levels for France, Germany, and the United States. These
three tables show considerable variation in linkage strength across educa-
tional categories both within and between countries. As we predicted, cate-
gories that correspond well to spect occupational licensing requirements
and categories at the upper tertiary level generally have rather strong link-
age scores. Computing, engineering, law, architecture, business and admin-
istration, health, mathematics and statistics, and the physical sciences are
all examples of elds that correspond to various professional occupations
and that in almost every case have stronger linkage at the upper tertiary
than at lower tertiary educational level in all three countries. At the same
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time, the relative linkage stength of these and other elds clearly varies across
France, Germany, and the United States.

We report the relative linkage strength and category share ingures 4-6.
Figure 4 shows the relative strength of linkages in France and Germany in
educational levels 3ABC; the United States is absent from thigure because
the American educational system does not for the most part differentiate

elds of study at this level. Figure 5 shows the relative strength of linkages
for lower tertiary education (including level 4A in Germany). Figure 6 shows
the relative strength of linkages for upper tertiary education, including post-
graduate degrees. In each of thesgures, the left-side graph shows the ratio
of linkage strength in each categy (i.e., the scores in tables B®7) for Ger-
many relative to the indicated country (i.e., either France or the United States).
A ratio greater than 1 means that the German category has stronger linkage
strength than does the category of the indicated country. Statistically signi
cant differences from unity (at the .05 level) are shown withlled circles (for
Germany-France ratios) and squares (for Germarynited States ratios),
while nonsigni cant differences are shown with white circles and squares.

Other A
Security Services 4
Environment -
Transportation 4 O
Pers. Services - o
Soc. Services (0]
Health 4 &}
Veterinary 4
Agriculture 5]
Architecture - %

Manufacturing 4

E Engineering - - Germany
- Computer Tech. 1 France
Math 4
Phys. Sci.
Life Sci. 4
Law 4
Bus. & Admin. 4 Q
Journalism 4
Soc. Sciences 4
Humanities - o
Arts
Teaching/Education 4 T
0 1 2 3 4 5 o0 0.1 02 03
Ratio of Linkage Strength Size of Field

Fic. 4—Ratio of linkage strength of Germany to France for elds of study in second-
ary school and proportion in elds. A ratio of less than 1 means that France has stronger
linkage strength between this eld and the occupational structure than does Germany. A
ratio of greater than 1 means that the German linkage strength exceeds the linkage strength
inthe comparison country by the indicated amount. White circles are not sigrgantly dif-
ferent from a ratio of unity (SEs were calculated using bootstrapping). Linkage strength
measures that make up the ratios in the left panel are not functions of the share of the popula-
tion in the educational category, which is displayed (as a proportion of the educational level)
in the right panel. Color version available as an online enhancement.
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Fic. 5—Ratio of linkage strength of Germany to both France (circles) and the United
States (squares) forelds in lower tertiary (ISCED level 5B, including also 4A in Germany)
and proportionin elds. Aratio of less than 1 means that the country (France or the United
States) has stronger linkage strength between thield and the occupational structure than
does Germany. A ratio of greater than 1 means that the German linkage strength exceeds
the linkage strength in the comparison country by the indicated amount. White circles and
squares are not signicantly different from aratio of unity (SEs were calculated using boot-
strapping). Linkage strength measures that make up the ratios in the left panel are not func-
tions of the share of the population in the educational category, which is displayed (as a propor-
tion of the educational level) in the right panel. No ratio is shown for théother” category,
which is only presentin the U.S. data. Color version available as an online enhancement.

The right-side graph in each case shows the distribution of workers at that ed-
ucational level across the indicated leveleld categories.
Figure 4 shows important shared characteristics of the distribution of

elds of study in France and Germany at the secondary level. In both coun-
tries, business and administration and engineering are the most common

elds. Among the smaller categories some differences appear; France has
more secondary graduates whoseeld of study was in the humanities or so-
cial sciences, while relatively more of Germanyg graduates were in health
or personal services. In general, the linkage score for ald in Germany is
slightly greater than for the corresponding eld in France, although France
has tighter linkage for transportation and personal services, and the two coun-
tries are statistically equivalent in architecture, manufacturing, and the arts
and rather similar also in engineering. Overall, the difference between France
and Germany in linkage strength at the 3ABC level is smaller than our ex-
pectations based on Maurice et al. (1986) and Shavit and Muller (1998).
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Fic. 6—Ratio of linkage strength of Germany to both France (circles) and the United

States (squares) forelds in upper tertiary (ISCED 5A, 6A, and 6B) and proportion in

elds. Aratio of less than 1 means that the country (France or the United States) has stron-
ger linkage strength between thiseld and the occupational structure than does Germany. A
ratio of greater than 1 means that the German linkage strength exceeds the linkage strength
in the comparison country by the indicated amount. White circles and squares are not sig-
ni cantly differentfrom aratio of unity (SEs were calculated using bootstrapping). Linkage
strengthmeasuresthatmake upthe ratiosinthe left panel are notfunctions of the share of the
population in the educational category, which is displayed (as a proportion of the educational
level) intheright panel. No ratio is shown for the'other” category, which is only presentin
the U.S. data. Color version available as an online enhancement.

Figure 5 shows linkage strength for lower tertiary elds of study, and this

gure includes the United States, where-unlike the typical secondary school
situation—students can specialize in differentelds of study** For some elds,
notably engineering, the linkage strength is comparably tight in all three coun-
tries. In health and engineering—two of the most populous elds—France ac-
tually has tighter linkage than does Germany. Germany has a clear lead in
the strength of linkage involving business and administratior-another very
populous eld—over France and especially over the United States, where
linkage from this eld is rather weak. The U.S. pattern is notably heteroge-
neous, with linkages being about as strong as in France and Germany in en-

13 The SIPP—which is the source of elds of study information for lower tertiary degrees
in the United States—provides respondents with the option of choosintpther’ as their

eld of study, which we carry over into our analysis because of the relatively high pro-
portion of respondents in this category.
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gineering, manufacturing, and transportation and being notably weaker in
health, computer technology, and business and administration.

Figure 6 shows linkage strength for upper tertiary elds of study. The pic-
ture is one of considerable heterogeity. Sometimes linkages in France are
stronger than in Germany and sometnes they are weaker. Linkages in the
United States are generally weaker than in either Germany or France, al-
though the magnitude of the difference varies considerably. The U.S. short-
fallis relatively small in engineering, physical science, computer science, or
education and is much larger in social sciences, the humanities, or the arts,
while the United States has stronger linkage than either France or Germany
in architecture or law**

Comparing gures 5 and 6, one can also see that the comparative strength
of linkages involving specic elds can vary across educational levels. If one
compares the United States with either France or Germany, it is notable that
the linkage gap for students with compugr science degrees is much smaller
at the upper tertiary level than at the lower tertiary level. The linkage gap in
business and administration between the United States and either France or
Germany similarly shrinks at the higher tertiary level. Clearly, linkage differ-
ences across these three countries vary considerably depending on the spe-
ci c level- eld category that is the focus of attention.

Country Comparisons Using Native Categories

The results above show that Germany has the highest linkage strength, France
is the intermediate case, and the United States has relatively weak linkages
between educational and occupational outcomésTable 3 repeats the ear-
lier analysis using native educational and occupational categories. As ex-
pected, the use of a greater number of educational and occupational cate-
gories increases linkage strength in all three countries. However, the results
based on native categories do not alter our conclusions above. In the case of
the United States, the use of native categories raised linkage strength 28%,
from .463 to .593. This larger value for the United States, however, remains
far short of the .769 computed value oM for France and the 1.012 value
of M for Germany using the harmonized categories. It conms that weak

14 Architects and lawyers in the United States frequently have advanced degrees, and if
one imputes architecture or law as their elds of study—an imputation that is con rmed
by the SIPP data as largely correet-one gets the result shown ing. 6.

15 The German native occupational coding scheme (Klasgiierung der Berufe 1992) uses
only ve major groups, with about 90% of all workers located in two of these groups
(Dienstleistungsberufend Fertigungsberuf§. This high level of clustering results in rel-
atively little of the overall linkage strength in Germany coming from the occupational
groups by educational levels component. The particular form of the occupational major
groups classication has no impact on the overall amount of linkage strength in a country.
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TABLE 3
COMPARISON OF LINKAGE STRENGTH USING BOTH NATIVE AND HARMONIZED
EpucATIONAL AND OCCUPATIONAL CATEGORIES

NaTive Copes HarmoNIZED CoDES

United United
France Germany States France Germany States

Number of educational
categories . ............... 216 205 90 73 82 82
Number of occupations. ... ... 486 337 471 90 90 90

Linkage Strength Components

Occupational groups by

educational levels. ........ .330 .082 .210 273 .269 .216
Fields of study within levels
by occupational groups. ... .216 317 151 .067 .066 .058

Detailed occupations within

groups by educational

levels.................... .159 212 .082  .168 .235 .033
Fields of study withinlevels by

detailed occupations within

(o o10] o I 491 917 .150 .261 442 .156
Total linkage strength . ... ... 1.196 1.529 .593 .769 1.012 463
Native/harmonized ratios. . . . 1.56 151 128 ... .. ..

linkage is a true characteristic of the American educational system and of
its labor market and not an artifact of internationally comparable measures.
Meanwhile, Germany and France have much greater linkage strength when
native instead of harmonized categories are used, but the ratio of German
to French linkage strength using native codes is revealed to be very similar
to the ratio of German to French linkage strength using harmonized codes.
We conclude that harmonized codes allow a revealing and generally accu-
rate comparison of the structure of linkage across all three of the countries
in our study.*®

16 As noted earlier, the approximate formula for relating local or global linkage to clus-
tering will vary with the level of detail of the classi cation being used. With 82 educa-
tional categories and 90 occupations, the proportion of workers with a given educational
outcome that were in the three most common occupations for that educational outcome is
approximately 0.2+ 0.2 x (local linkage strength). With 205 educational categories and
337 occupations, the approximate formula for the three most common occupations for Ger-
many shifts to .16+ .11 x (local linkage strength). For predicting the proportion of workers
inthe ve most common occupations using the more detailed education and occupation cat-
egories, the formula for Germany becomes .15 .22 x (local linkage strength).
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Country Comparisons Using Recent Labor Market Entrants

The analyses presented so far are based on the whole employed workforce.
Next, we estimate linkage strength for workers who are no more than 10 years
past the normal school-leaving age, and we compare this result to what we
obtain using the entire workforce'” We maintain our restriction on a mini-
mum of 100 cases per cell, and, as a consequence of the smaller sample size
when using only recentlabor market entrants, the number of educational cat-
egories shrinks to 54 in France, 42 in Germany, and 63 in the United States.
We therefore reanalyze all employed workers using this same educational
restriction so that we are using comparable categories. Table 4 shows the
results.

Inallthree countries, the total linkage strength is higher for recent workers
than for the entire workforce. This is in line with well-known ndings that
education has its largest bends early in the career (Brzinsky-Fay 2007).
One may have expected stronger linkages of recent entrants relative to the
whole employed workforce in a country with high career mobility such as
the United States; it implies that American workers initially move into occu-
pations that are more directly connected with their education, and they grad-
ually move to a broader set of occupations over their careers. Interestingly,
however, we nd the same (or even slightly stronger) pattern in Germany
and France compared to what we nd in the United States; in all three coun-
tries, recent entrants link better to their occupations than do older workers.
A complete exploration of the relative contributions of structural change and
career mobility is beyond the scope of this article, but our results demonstrate
that the country ordering we nd using the entire workforce is preserved us-
ing only recent entrants. They also highlight the importance of understand-
ing how M evolves both over the career and over history. This issue is part of
the broader intellectual agenda enabled by the linkage approach that we dis-
cussed earlier in the article.

SUBSTANTIVE IMPLICATIONS: SOME ILLUSTRATIONS

Occupation Space and Organization Space: Reconsidering the
Difference between France and Germany

During the 1970s, Maurice et al. (1986) spent several years studying large
metal and petrochemical manufacturing rms in France and Germany, con-
cluding that the two countries differed in their structure of skills and wages.
Maurice et al. asserted that in Germany, there & close correspondence
between work force structure and the structure of occupational trainirig

17 Normal school-leaving age for France and Germany is obtained from Schneider and
Kogan (2008).
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(p. 11). In France, they reported thattraining has a relatively weak in u-
ence on placemerit(p. 3). Instead, they argued;The [French] hierarchy
seems to be based largely on the level of general education. In other words,
there is no connection between the educational characteristics of workers
and the productive structures within which they work' (p. 11).

The argument of Maurice et al., which has persisted into the contempo-
rary comparative strati cation literature, differentiates France from Ger-
many in two key respects? First, the distribution of young adults across ed-
ucational outcomes differs in the two countries, with French workers having
a higher average level of education and with a higher fraction of German
workers being vocationally (or professionally) trained. The second difference
is that, to quote Miiller and Shavit (1998, p. 4)'the association between ed-
ucation and jobs tends to be looser in France than in Germariyln other
words, France should show weaker linkage between education and occupa-
tions than Germany, and this weaker linkage should be structural; that is,
the linkage should be typically weaker for specic educational categories
rather than a consequence of compositional differences in the educational
or the occupational distribution.

More recently, scholars have noted important changes in the French ed-
ucational system in the 1990s and 2000s, which Ichou and Vallet (2013, p. 121)
describe as creating a moreuni ed and massied’ system, with internal strat-

i cation beginning at the end otollege after which 62% of pupils are chan-
neled into the vocationalycéeand the remainder go on technological or aca-
demic tracks. The expansion of the Frech educational system has increased
the pressure by higher class families to get their children admitted goandes
écoleqIchou and Vallet 2013). But the current literature has not taken cogni-
zance of the potential impact of this expansion for school-work linkage. Our

18 Muller and Shavit wrote that “they [Maurice et al.] describe Germany as a system pat-
terned along aqualificational spacewhile France is patterned in arorganizational spacein
Germany, vocational quali cations are used by employers to organize jobs and to allocate
persons among them, whilst in France, education is less closely related to the workplace
and vocational skills are mainly obtained on the job. Since organization-speciskills are
often not recognized by other employers, the association between education and jobs
tends to be looser in France than in Germariy(1998, p. 4). Paradoxically, however, Mul-
ler and Shavit found that the effect on occupational prestige of education considered as a
hierarchical variable was larger in Germany than in France, in apparent contradiction to
the assertions of Maurice et al. Apparently consistent with Maurice et al., Miller and Shavit
found that Germans who completed only compulsory education with no vocational training
(6% of men and 14% of women who entered the labor force in 1960 or thereafter) were less
likely (relative to any higher educational category) to end up in a skilled occupation than
were French workers with only compulsory schooling or a lower-secondary certate
(Brevet d'études du premier cycle) relative to any higher educational level. Note, however,
that as recently asthe 195468 birth cohorts, these lower categoriesin France held over 40%
of the population (Goux and Maurin 1998), which is much higher than the proportion for
the parallel categories in Germany.
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results allow a contemporary comparison of linkage structure for France and
Germany.

Torecapitulate our ndings reported above, Germany clearly has a stron-
ger overall education-occupation linkage than does France, although the
overall difference is arguably notas large as mighthave been expected. More-
over, gures4-6showthat many educational outcomes (transportation, per-
sonal services, architecture, manufacturing, and arts at the secondary school
level; health, engineering, computer technology, and arts at lower tertiary;
and transportation, personal services, veterinary, agriculture, manufactur-
ing, engineering, computer technology, business and administration, and
teaching/education at upper tertiary) link as strongly or more strongly to oc-
cupationsinFrance asin Germany. Asdiscussed aboveinthe analytical strat-
egy, the strength of linkage is partly a function of the marginal distribution
of occupations and of educational categories. To address the extent to which
the German advantage in total linkage strength arises from differences in
composition-invariant linkage and from differences in the marginal distri-
butions of education and occupation, we decompose country differences in
M into a component that is educational composition invariant and two com-
ponents that depend on country differences in the marginal distributions for
education and occupation as shown in equation (A6 We use the harmo-
nized occupational and educational variables for this analysis. The resulting
decomposition is in the top portion of table 5.

Table 5 shows that the education composition-invariant linkage differ-
ence between France and Germany is currently very small at 0.024. This
term captures differences in linkage strength between the two countries that
are due to national differences in the conditional probabilities of being in the
various occupations, given one educational outcome, if the occupational
entropy and the marginal distributions of workers across educational cate-
gories are held constant across the two countries. The overall country differ-
ence in linkage strength now stems mainly from compositional differences
between the two countries. Almost half of the difference (0.106) comes from
the distribution of workers across occupations in the two countries, with the
German distribution being more even (closer to uniform) than the French
distribution. Second, the educational distribution difference of 0.112 indi-
cates that the German educational distribution is shifted toward educational
categories that more strongly link with occupations than in France.

We can instead take dreverse tempordl look at national differences in
terms of occupation distribution-invariant linkage differences. From this
perspective (table 5), 0.175 of the 0.242 difference between Germany and

19 For greater comparability in this analysis, we collapsed together the ISCED categories
0 and 1, the lower secondary 2A and 2B categories; the upper secondary categories 3A,
3B, and 3C; and the lower tertiary categories 4A and 5B.
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France is due to country differences in the conditional probability of being in
the various education categories, given orgecurrent occupation, while 0.053
is due to Germanys having higher educational entropy than France, and
0.014 is due to country differences in the marginal distribution of workers
in the occupation structure. These alternative decompositions give comple-
mentary perspectives concerning the source of the difference in total linkage
strength in the two countries. If seen from the forward-looking perspective of
where people end up giventheireducational qualtation, itappearsthatboth
countries have very similar levels of linkage in structural terms, that is, in
terms of the conditional probabilities of working in this or that occupation,
givenaspeci c educational outcome. However, if approached from the reverse
temporal focus on educational background given current occupation, one
nds that a relatively large share of the total difference in linkage strength be-
tween Germany and France is driven by the average difference in the condi-
tional probabilities of having this or that educational outcome, given one
occupation and weighted by occupational size. The alternative perspectives
arise from the different weightings used in the alternative decompositions in
a situation in which at the local level it is sometimes Germany and sometimes
France that has the tighter linkage, depending on the outcome in question.

In either case, the substantive conclusion (supported bgures 4-6) is the
same, namely, that a large proportion of the French workforce was trained
in educational programs that link as strongly or more strongly to occupations
as do their German counterparts, even as other programs link more strongly
to occupations in Germany than in France. Overall linkage is stronger in
Germany, but there is substantial variation in the country difference at the
level of speci c categories, and country differences in the marginal distribu-
tions of education and occupation explain at least some of the greater overall
linkage in Germany than in France.

Maurice et al. (1986) argued that compositional differences in the educa-
tional and occupational structures of France and Germany were an impor-
tant source of the difference in the structure of education and work in the
two countries. However, they especially emphasized structural differences
in the strength of linkage between educational outcomes and occupations.
The analysis above provides evidence that structural differences between
the countries either are smaller than expected or have eroded since the time
of Maurice et al’s analysis as a consequence of changes in the educational
systems and labor markets of the two countries since the 1970s. The results
also clearly support the conclusion that assertions of broad country-level
differences can obscure more than they reveal. The French-German linkage
differences go in both directions, depending on the educational outcome in
guestion. Of course, whether the current structure of differences in the two
countries has changed since the time of Maurice et’alanalysis is a question
that begs for historical analysis in order to be resolved.
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A Closer Look at Differences between the United States
and France or Germany

We have already seen that much of the linkage gap between the United
States and either France or Germany stems from the lack oéld of study dif-
ferentiation for the large portion of the American cohorts who leave school
with no more than a secondary school credential. We can further assess the
sources of the remaining country differences by suppressing atlds of study

at the secondary school level and (for greater harmonization) also suppress-
ing the distinction between 6A and 6B. The results of this decomposition are
in the bottom portion of table 5.

Table 5 shows that both France and Germany have stronger linkage
across educational levels and tertiaryelds of study than the United States,
and this gap is primarily for structural reasons® Germany in particular also
gains linkage strength relative to the United States because its occupational
distribution is tilted toward occupations that link relatively more strongly
to educational categories. However, the United States gains on both France
and Germany from an educational distribution that favors categories that
link more strongly to occupations. This is straightforward to interpret, as a
greater of share of the American workforce has tertiary degrees than is true
of either Germany or France, and tertiary degrees in general have stronger
linkages to occupations than do secondary credentials. This distributional
advantage for the United States, however, is more than offset at the struc-
tural level; linkage is generally weaker in the United States than in France
or Germany when comparing linkage strength for the same educational cat-
egory. This summary story is readily conrmable in the pattern of linkage
strength differences between the United States and either France or Germany
thatis revealed in gures5 and 6.

Linkages and Relative Occupational Pay: A Comparison
of Germany and the United States

A question of central interest to us concerns the implications of linkage struc-
ture forthe distribution of wages and earnings and the decomposition of earn-
ings into within- and between-occupational components. As ast step, we
examine the consequences of linkage structure for within-occupation vari-
ance in log earnings and also for the relative mean occupational full-time
earningsin Germany and the United States. We computed the meanlog earn-

29The corresponding occupation distribution-invariant differences in conditional prob-
abilities of educational origins given occupations, which are shown in table 5, are 0.32
between Germany and the United States and 0.16 between France and the United States.
Both forms of the decomposition lead to the same conclusion.
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ings for full-time workers for each of the harmonized occupational categories
using our analysis samples. In the ACS, the respondésibccupation is the
one at which the respondent works the most hours. We operationalized full-
time earnings as the per period earnings for workers in the United States
who say that they usually work 40 or more hours a wee®.The Mikrozensus
contains a question that asks a worker to indicate his or her status as either
Vollzeit (full time) or Teilzeit (part time). The Mikrozensus only collects data
on monthly net personal income (not earnings), measured in 24 categories,
but (as we show below) this measurement difference does not have majorim-
plications for our results. Controlling for ISEI provides a rough control for
the progressive income tax rates in Germany as well as for a possibly different
relationship between occupational status and average earnings in the United
States and Germany. We converted German full-time net personal income
from euros into dollars using purchasing power parity (PPP), but because
we are using logarithmic measures, the conversion factor has no substantive
in uenceonourresultsbelow. Asacheck onthevalidity of ourresults, we also
obtained data on full-time occupational gross earnings in Germany from two
smaller studies, the BIBB/BAuA-Erwerbstatigenbefragung (BIBB) for 2006
and the 20029 waves of the German Socioeconomic Panel (SOEP). We con-
verted nominal wages to 2006 euros and combined these data sources to pro-
duce a le of occupational gross earnings for ISCO-88 occupations. For the
occupations where we had at least 50 observations in both the Mikrozensus
and the combined surveys, the correlations between the gross and the net
earnings measures were very high: .948 for all full-time workers, .948 for fe-
male full-time workers, and .936 for all male full-time workers. These high
correlations strongly suggest that the Mikrozensus provides usable data for
exploring cross-national differences in the structure of gross earnings, and
we con rmed this conclusion by conducting parallel analyses on both sets
of data.

First, we examine the relationship between within-occupation full-time
earnings inequality (measured as the variance in log earnings) and linkage
strength. Table 6 shows evidence that within-occupation earnings inequal-
ity is negatively related to the log linkage strength between educational cat-
egories and occupations. Net of occupational status, which we operational-
ize as the ISEI, every percentage increase in linkage strength is associated
with a reduction in the variance of log earnings of about .0006 for males
and about .0004 for females in the United States. The relationship between
linkage strength and within-occupation earnings inequality is weaker for
German than for American males, and the effect is not sigréant for Ger-

21|t is possible that some of these earnings in the ACS may come from second or third
jobs.
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TABLE 6
REGRESSION OF THE WITHIN-OCCUPATION VARIANCE OF LoG FurLL-Time (FT)
EARNINGS ON THE LOG OCCUPATIONAL LINKAGE STRENGTH

UNITED STATES GERMANY

Males Females Males Females

Mikrozensus Net FT Earnings

Log linkage strength 3,) ... —.064 (-2.4) —.044 (~-1.9) —.035 (2.1) —-.029 (.7)
ISEL(Ba) o oveeeeeeannn. —-.001 (-.5) —.002 (-2.2) .003 (3.9) .001 (.6)
Constant................ 557 (7.3) .603 (9.0) .108 (3.4) 224 (2.6)
N 88 84 84 76

BIBB and SOEP Gross

FT Earnings

Log linkage strength ;) . . . -.036 (1.7) —.015 (.9)
ISEI(B2) o oveeeeeannn. .001 (.9)—.001 (-.5)
Constant................ 152 (3.6) 213 (5.9)
N 7 63

Note.—Observations in each regression are limited to occupations that have at least 50 full-
time worker observations of the relevant gender. Unstandardized effects; nos. in parentheses
aret-ratios.

man female earnings, even though the point estimate is comparabéVe
obtain similar results when we instead analyze the combined BIBB/SOEP
data. Within-occupation earnings inequality is, from an accounting perspec-
tive, a component of total inequality. As such, the size of within-occupation
earnings inequality may also have a causal effect on the size oftotal inequality
depending on how shifts in within-occupation earnings inequality affect a
country’s level of between-occupation earnings inequality.

The next question is whetherat the level of the harmonized three-digit
ISCO-88 occupations—there is a relationship between the relative strength
of linkage for a given occupation in the two countries and the relative mean
full-time log earnings. In gure 7 we present a scatterplot, where the vertical
axis is the difference in the within-occupation mean log full-time earnings in
the United States and Germany? and the horizontal axis is the difference
between the log linkage strength in the United States and in Germa#y.
The gure shows a clear positive relationship.

22The PPP conversion factor just adds a constant to the log of German earnings (and
therefore also to the mean of log earnings within occupations) and has no effect on the
variance of the log earnings within occupations.

23 This is equivalent to the log of the ratio of the geometric means of the earnings of full-
time workers in that occupation for the United States relative to Germany.
24Qccupations are only shown in the gure if they have at least 50 full-time worker re-
spondents in both the 2012 ACS and the 2006 Mikrozensus. The use of a PPP conversion
produces a shift in the zero point of the vertical axis (and therefore affects the size of the
intercept) but has no impact on the relative vertical distances among the observations.

1912

This content downloaded from 146.050.068.076 on May 31, 2017 04:47:33 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).



School-to-Work Linkages

0.8

064

0.3 .

Difference in Mean Log Earnings (US - Germany)

Log US Linkage - Log German Linkage

Fic. 7—Occupational mean earnings difference between the United States and Ger-
many by difference in linkage strength. Data are from the Mikrozensus. Observations
are limited to occupations with at least 50 full-time worker respondents in both the United
States and Germany. Color version available as an online enhancement.

We show the same relationship in table 7, net of a control for occupational
status. In combination with gure 7, this table contains three messages.
First, the positive relationship between relative occupational earnings and
relative occupational linkage is partly (but only partly) explained by the fact
that occupations with stronger linkage are generally also higher status occu-
pations in both countries (with the relationship stronger in the United States
than in Germany). Table 7, moreover, shows that the gap in mean occupa-
tional earnings in favor of the United States tends to be larger in occupations
that have higher status scores and, correspondingly, smaller in occupations
with lower status scores; this relationship is true for both male and female
incumbents. Third, table 7 shows that—net of occupational status—the rel-
ative American advantage in full-time occupational earnings tends to grow
in direct proportion to the relative strength of occupational linkage, both in
general and specically for the earnings of female workers. Conversely, the
American advantage in mean occupation earnings is relatively small when
the German advantage in linkage strength is relatively large. Further in-
vestigation shows that this relationship is driven primarily by the German
linkage score: the higher the German linkage score, the more favorable
the German-American full-time earnings ratio (net of occupational status)
for both male and female workers. Again, the interpretation is similar when
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TABLE 7
REGRESSION OF THE DIFFERENCE IN MEAN LOoG OccUPATIONAL FULL-TIME (FT) EARNINGS
BETWEEN THE UNITED STATES AND GERMANY ON THE DIFFERENCE IN LOG OCCUPATIONAL
LINKAGE STRENGTH BETWEEN THE UNITED STATES AND GERMANY

All Male FT  Female FT
Workers  Earnings  Earnings

German net earnings data from 2006 Mikrozensus:
A log linkage strength (United StatesGermany)

B e 072 (1.9) .038 (.9) .127 (2.9)
ISEL Ba « oo e 005 (3.9) .006 (4.1) .005 (3.2)
Constant . .. ..o 467 (5.6) .388 (4.1) .578 (5.8)
N o 86 83 76

German gross earnings data from the BIBB
and the SOEP:
A log linkage strength (United StatesGermany)

Ba e e 075 (1.9) .050 (1.1) .120 (3.0)
ISEL B v oo e e 006 (4.2) .008 (4.5) .005 (3.2)
CONSIANG .+ e e e e e 029 (1) ~.058 (-.7) .138 (1.5)

N o 77 63

Note.—Observations in each regression are limited to occupations that have at least 50 ob-
servations for both countries, either in total (for théall workers” analysis) or for the relevant
gender. Unstandardized effects; nos. in parentheses &matios.

we use data from the BIBB/SOEP samples in place of the data from the
Mikrozensus.

The interpretation of table 7 that we just offered emphasizes between-
country differences in occupational mean log earnings. However, the inter-
pretation can also be rephrased using the same statistical model in terms of
within-country differences in mean log earnings among occupatioAsThe
difference in mean log earnings for any two occupations in Germany is ex-
pected to be the difference in mean log earnings for the same two occupa-
tions in the United States, plus an adjustment to account for the different
size of occupational status-associated between-occupation inequality in the
two countries, plus a bonus if the difference in linkage strength between oc-
cupationsj andj/ is larger in Germany than the United States or a penalty if
the difference is smaller.

The relationship between full-time earnings and linkage strength shown
in gure 7 and in table 7 may or may not be causal. If it is causal, two mech-

25To see this, we > express the equation underlying table 7 for two occupations (i.e., for oc-
cupationsj and j ) and then subtract one equation from the other and rearrange terms.
The left side becomes the difference in mean log earnings for occupatigm@sd j in Ger-
many. This difference equals the difference in mean log earnings for occupatigrend j '

in the United States plus two adjustment terms. Therst adjustment term equals3; (see
table 7) multiplied py the country difference in the difference in log linkage strength for
occupationsj and j . The second adJustment term equals, multiplied by the difference in
occupational status for occupationg and j .
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anisms might be present. A technical mechanism might underlie this rela-
tionship if German occupations that are especially well linked with the Ger-
man educational system have workers who are generally better trained than
their American counterparts. An institutional mechanism might underlie
this relationship if occupations in which workers have relatively similar ed-
ucational credentials can more effectively organize or have stronger closure
mechanisms (Boland Weeden 2015). The relationship between occupational
linkage and occupational closure is an important question for further re-
search. In addition, the associations reported above suggest that country dif-
ferencesin overallwage and earnings inequality may arise in part from coun-
try differences in the size and structure of within- and between-occupational
inequality.

DISCUSSION AND CONCLUSION

Employing a novel analytical approach to the study of school-to-work tran-
sitions, we have achieved greater clarity about the speci pathways that
produce both between- and within-country differences in the structure of
linkage between school and work. Drawing on multigroup segregation mea-
sures and, more spectally, the M index, we have examined school-work
linkages in France, Germany, and the United States with greater precision
than past studies, incorporating elds of study and specic occupations in
addition to educational levels and major occupational groups. Adding this
level of detail has enabled us to see that much information is lost when more
limited educational and occupational categories or scales are used to study
differences between countries. We therefore propose the linkage strength ap-
proach as a fruitful analytical strategy to employ in international comparisons
of school-to-work transitions, especially by taking advantage of its decompo-
sitional properties to examine the structure of linkages in important and infor-
mative ways.

Expanding on the institutional focus of the elds of comparative strati -
cation and the political economy of skill formation, we nd that the linkage
of graduates into the labor market is structured by the educational system
in a country. However, we also demonstrate that there is much variability
within countries in how strongly educational quali cations are linked to oc-
cupational destinations. In line with these literatures, wend that the link-
age structure in Germany is much stronger than that in the United States,
with France taking an intermediate position. In other words, we can better
predict a worker's occupation by knowing the workers educational level
and eld of study in Germany than we can in the United States.

However, our results are much more informative about how stronger
linkages are generated, and some of our most important results are novel.
First, we have shown that linkage strength varies substantially across levels
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and elds within countries. Strongly linked elds include computer science
and health-related programs, while the social sciences link to the labor mar-
ket more weakly in all three countries. Second, we have shown that linkage
strength varies systematically with educational level even within the same

eld, being generally stronger at higher educational levels than at lower lev-
els. Third, we have shown that country differences in linkage strength vary
by both educational level and educational eld. Fourth, we have shown
that country differences in overall linkage strength depend on country dif-
ferences in the linkage strength of educationalelds and that misleading
conclusions about country differences arise wherlds of study are not taken
into account. Fifth, we have shown that ountry differences in linkage strength
arise both for structural and for compositional reasons. This fact underlies
the important discoveries from this article that the overall German-French
difference in linkage strength is smiger than is commonly assumed; that for
many speci ¢ outcomes, linkage is as strong or stronger in France than in Ger-
many; and that some of the overall natioal difference is due to compositional
differences in the distribution of French and German workers across educa-
tional categories and across occupations. Sixth, we have found that linkage
strength is considerably stronger amaprecent cohorts than in the entire work-
force in all three countries in our study. Seventh, we have found that link-
age strength is associated with earnings and with earnings inequality; in
particular, workers tend to be paid better in occupations that more strongly
link with educational levels and elds of study, and this earnings advantage
can be seen even when we compare workers in the same occupation across
countries.

Finally, at the theoretical level, we have developed an approach to the
study of training regimes that quite explicitly focuses on the articulation be-
tween educational and labor market positions as a theoretically and empir-
ically signi cant feature of training regimes. Our approach has provided
persuasive empirical support for the theoretical proposition that the charac-
ter of national training regimes resides in the granularity of linkage structure
as much asin broad macroinstitutional characteristics that have been used to
characterize national training regimes in the large social science literature on
this topic. At a methodological level, we have demonstrated that entropy-
based segregation measures provide an effective way to analyze this granu-
lar structure, to aggregate it to provide accurate summary statements about
countries, and to make comparisons in the changing structure of linkage ei-
ther across countries or within the same country over time.

Even those aspects of linkage structure that are well known are given
brighter illumination by the new analytical approach. Consider the issue of
vocational training at the secondary school level. It is of course well known
that German secondary school programs are strongly differentiated bgld
of study, and—as our results make clearthe same is true of the French ed-
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ucational system. While linkage scores of secondary school credentials in
Germany and France are generally (although not always) lower than are
the linkage scores of lower tertiary credentials, it is notable how meaningful
these vocational distinctions are in sorting secondary school educated work-
ers into distinct occupations in the labor market in comparison with the
highly diffuse occupationalimpact of a secondary school degree in the United
States. Itis, of course, an inevitable consequence of an undifferentiated sec-
ondary school system that its graduates populate relatively low-skill jobs in
virtually all occupations that contain low-skill jobs. Nonetheless, the rela-
tively strong sorting of vocationally educated German and French second-
ary school students stands in sharp contrast to the diffuse paths into em-
ployment of high school graduates in the United States. As noted earlier,
Hanushek et al. (2011) argue that undifferentiated systems like that of the
United States may provide greater labor market exibility and therefore
better employment chances later in life than systems that emphasize voca-
tional quali cations. Given the extent to which employment ratesuctuate
across countries in response to variations in social insurance systems and
macroeconomic conditions as well as skill distributions, we view their con-
clusion as premature (Forster et al. 2016). Clearly, however, which system
produces the greatest benés over the entire work career is an important
and still open question of relevance to both scholarship and social policy.

Earlier in this article, we discussed a broader research agenda that would
bene t from systematic attention to the granular and the macro linkage
structure of a country. We do not repeat that list here but note that impor-
tant theoretical as well as empirical work needs to be done to realize the full
value of this research program. Theories of the development of linkage
structure already exist, most notably in the varieties of capitalism literature.
As the case of France and Germany illustrates, the availability of a rigorous
measurement of linkage makes it possible to achieve serious advances in this
literature by providing a framework to formulate and test more precise hy-
potheses about various aspects of the granularity of linkage structure, taking
into account the currently demonstrated substantial variation within coun-
tries. Our comparative results for France and Germany using both harmo-
nized codes and native categories call attention again to Mert@nadvice
about the importance of‘establishing the phenomenoi.They also call for
a historical analysis of developments in France and Germany over the past
30 years (a period for which the data actually exist to support an empirical
analysis of linkage) in order to determine how institutional and other devel-
opments may have modied in important respects the training regimes of
one or both of these countries and how such modiations have affected
some segments of the labor market more than others.

Another pressing concern is to theorize about the consequences of linkage.
For example, our illustrative results above suggest that linkage structure af-
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fects the wage distribution and inequality. A human capital interpretation
would assume that tight linkage improves productivity and generally raises
wages and employment through market mechanisms. However, it is also
plausible that theories of social closure, emphasizing the rents created by for-
mal regulations governing the access to occupations such as licensure and
certi cation, are helpful to explaining the value of linkage. Strong linkage
may also come as a hindrance, when tight linkage reducesxibility in the
labor market and increases unemployment and inequality. None of these is-
sues would easily be dealt with using the existing comparative literature, as
this literature is too macro-oriented to appreciate the granularity of the link-
age process and its consequences.

Our own conjecture is that the answer concerning the consequences of
linkage will not be wholly on one side or the other of the divide between hu-
man capital and social closure arguments. Rather, we expect that the gran-
ularity of linkage will be of theoretical importance. For some educational
pathways, stronger linkage may provide unambiguous benés. For others,
there may be trade-offs. We suggested above that linkage strength may af-
fect the organization of work as well as its productivity, and the analysis of
the relationship between the structure of linkage and productivity, union
strength, licensing, and other forms of occupational closure are, along with
the social mobility consequences of linkage, all important topics for future
research.

APPENDIX A

The Measurement and Decomposition of Linkage Structure-
Technical Appendix

We conceptualize the strength of linkages in terms of the association between
school-leaving credentials and labor market position. For any given school-
leaving credential, a strong linkage occurs when school leavers with that cre-
dential cluster in a relatively small number of labor market positions. When
eld of study is taken into account, the clustering should be even stronger.
When this pattern occurs across the distribution of qualcations and elds
of study, then education is tightly linked to the labor market. The most ap-
pealing measure of association for this phenomenon comes from the gener-
alized entropy family of segregation measures (see Mora and Ruiz-Castillo
2011; see also Theil and Finizza 1971; Theil 1972; Reardon and Firebaugh
2002; the material below largely follows and builds on the discussionsin Mora
and Ruiz-Castillo [200%9, 2011]). These measures are based on the concept
of entropy. We refer to them aslinkage” measures below, although they are
formally identical to multigroup segregation measures. It is important to
keep in mind that segregation in our context implies a tighter coupling be-
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tween educational credentials and the occupational structure of the labor
market. In other words, a labor market that is relatively highly segregated
by educational credentials is one in which linkage between education and
occupation is strong.

In this study, entropy (T(P,)) is de ned as the expected gain in information
about someonks education by actually observing his or her education. It
can be written as

TR, = zp |og(p£g),

whereg = 1,..., G index educational states andPy = {p, ..., ps} is the set
of probabilities of being in each of theG educational states. EntropyT (P,)

is at a minimum when everyone has the same education and a maximum
when all education states have the same proportion of the population. Our
fundamental interest is in the change of entropy concerning education that
comes from knowing onés occupation or, equivalently, the change in entropy
concerning occupation that comes from knowing ong education. Entropy
within occupations will generally be lower than overall entropy because the
typical occupation conveys some infonation about the typical education of
an occupational incumbent. This redgtion in entropy becomes the measure
of the strength of linkage at the aggregate level, at the level of specimajor
occupational groups or major educational groupings, or at the level of indi-
vidual occupations or eduational levels or specic elds of study within edu-
cational levels. In particular, we faus on the Mutual information index )
because of its attractive properties (Mora and Ruiz-Castillo 2011). In this
analysis, theM index measures the average reduction in entropy 1, be-
tween its overall value and its value within a specic occupation, averaged
over all occupations:

M = ngme(Pg) —T(Py)),

wherej =1,...,Jindexes occupations. Equivalently th& index can be for-
mulated as the average reduction in entropy in the probability distribution
acrossoccupations?;, betweenits overall value andits value withinaspectc
educational category, averaged over all education categories. We will refer to
M as the linkage strength in a country.

The M index has the advantage of being decomposalifdn our context,
let X* be the set of occupations within occupational major grouk, and let

26The M index divided by the educational entropy gives a measure known &, M di-
vided by occupational entropy gives a measure known a$* (Mora and Ruiz-Castillo
2011). These alternative measures have the disadvantage of not being decomposable
both by educational categories and by occupations.
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X be the set of all occupations. TheiX = X* U ... U X*. M has the prop-
erty that

K
M(X) = M(X* U ... UX") + 3pM (X", (A1)
k=1
whereX ¥ is the set of all workers in major grougk treated as if they are all in
a single super-occupation. This formula says th&fl equals the segregation
of workers by education across occupational major groups plus the sum of
the weighted within-major-group segregation values. This property allows us
to determine the extent to which educatin-occupation linkage occurs primar-
ily at the major occupational group level or at the level of detailed occupa-
tions within major groups, and it allows us to compare the relative impor-
tance of educational levels and ofelds of study within educational levels in
constituting the overall structure of linkage in a country.

The M index has the additional advantage of being decomposable into
linkage components for every spect occupation or educational category.
This is important because it allows us to assess the contribution of each oc-
cupation and educational category to a countfg overall structure of linkage
or to assess the importance of differeas in the structure of linkage involv-
ing speci ¢ educational and occupational categories to cross-national differ-
ences in wage and earnings inequality. As discussed by Frankel and Volij
(2011; see also Alonso-Villar and Del Rid®20),“local’ linkage gives the extent
to which the distribution across occuptons of workers with a particular edu-
cation outcome differ from the distribution across occupations of all work-
ers?’Local linkage in terms of educational outcomedv{(ed)) can be written
as

M(ed), = JEpj o109 (p’g) (A2)

where p; 4 is the conditional probability of working in occupationj given
that one is in educational groupg, and p; is the unconditional probability
of working in j. Total linkage strength (M) can then be written as a weighted
sum of these local linkage measures; that is,

27In other words, the local linkage measure for any spea: educational category is the
expected information in the transformation of the set of marginal occupational propor-
tions to the set of conditional occupational proportions (i.e., conditional on a worker hav-
ing that speci ¢ educational level and eld of study; Mora and Ruiz-Castillo 2008). One
can also express local linkagd/(occ)) in terms of the extent to which the educational dis-
tribution for workers in a given occupation differs from the educational distribution of
workers in general.
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M = >pM(ed),, (A3)

where the weights are given by the relative size of each educational level-
eld category. It follows that the contribution of each spect educational cat-
egory to total linkage strength is pary a consequence of the size of its local
linkage score and partly a consequence of its relative share of all educational
outcomes. Total linkage strength can similarly be expressed as the weighted
average of the local linkage scores for occupationd (occ), see eq. [1]).

The linkage strength of educational category (i.e.,M(ed)) is itself not a
pure “margin-fre€’ measure of linkage because its value depends on the dis-
tribution of workers across occupations. To see this, note that the rati/p,
can be rewritten as the ratio of the joint probability of being in occupation
j and educational categoryg divided by the predicted joint probability if
j and gare independent of each other. This ratio is independent of the mar-
ginal distributions of eitherj or g. If we write this ratio as

P _ P
oy = — = —, (A4)
L
we can rewrite equation (A4) as
Pig = Piog),
and, therefore,

M(ed); = P 10g(ayg;)- (A5)

The M(ed) index is clearly affected by the occupational distribution; the
“pure linkage’ measuresay; log(ey;) for each combination of educational
category and occupation are summed to produce the overall linkage strength
for categoryg (i.e.,M(ed)) using weights equal to the relative size of each oc-
cupation.

To repeat: M is not a“margin-fre€’ measure of linkage. Country differ-
ences inM will be in uenced by country differences in the marginal distri-
bution of educational categories, which affect the sum in equation (A3), and
by the marginal distribution of occupations, which affect the sum in equa-
tion (A5). However, country differences irM can be decomposed in two ways
to isolate that part of M which is composition invariant by X, that part which
affects the size oM solely through differences in the marginal distribution of
X between the countries, and that part which is a difference in the entropy of
Y between the countries, where X and Y stand for educational categories and
occupations, respectively (or, alternately, occupations and educational cate-
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gories, respectively; Mora and Ruiz-Castillo 2011). We show the decomposi-
tion below for the difference inM due to educational composition-invariant
association AN,) and due to differences in the distribution of occupational
(AQy and educational AE,) categories. To be precise, we can write the differ-
ence inM for countriesk and k" as

M, — M, = AN, + AO, + AE,, (A6)

where

AN(IL) = Sre3 {Pio(k) 10g(Pg(K)) — (k) 10g(Pie(K)}

=1 (A7)
AEg = 3AE(Py(k)) + 3AE(Py(K))
AE(IL) = {i épng ) log(pye(k ))}
—{i ) Sp) l0g m(k))}

wherek and k’ are countries P4(k) and P k') are the distributions across ed-
ucational categories for countriek and k', p,(K) is the fraction of the popu-
lation of country k in educational categoryg, p; 4 is the probability of being

in occupation]j given that one is in educational category, andIl,is an ar-
gument whose components (the, terms) are replaced alternately by the
proportions from the P4(K) distribution or from the Py(K’) distribution, as in-
dicated in the formula above forANy and AE,. Note that the contribution

of the occupational distributions to the total difference in linkage strength
is just the difference in entropy (or equivalently, the negative of the differ-
ence in Theils index) for the occupational distributions in the two coun-
tries. The contribution of the education distributions to the total difference
in linkage strength is the weighted difference in the sum of the differences
in proportions for each educational outcome, where the weights are mea-
sures of concentration (i.e., linkage) of workers with that educational out-
come in arelatively small number of occupations; the less uniformly distrib-
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uted are workers with that educational category across the occupations, the
larger is the weight. See Mora and Ruiz-Castillo (2011) for further details and
also for the alternative decomposition expressed in terms of an occupation
distribution-invariantterm, a difference ineducation entropy, and a (weighted)
difference in the occupational distribution across the two countries.

The linkage measures dened above have statistical distributions that
are described in Mora and Ruiz-Castillo (2048). Because our sample sizes
arelarge, sampling erroris generally notlarge enoughto be of substantive im-
portance. For results where sampling error is of interest, we estimate stan-
dard errors using bootstrapping.

APPENDIX B

The Educational Systems of France, Germany, and the United States:
A Brief Summary

The French educational system underwent a reform toward comprehensive
education at the rst stage of secondary education in the late 1970s and is
therefore less stratied than it used to be. Today, all students except those
with special education needs entegollegeat around age 1+12, a compre-
hensive form of education that lasts four years. At the end abllége how-
ever, a major branching point exists in the French schooling system in which
students enter the vocational, technological, or academic track in theée
Different forms of baccalauréatexams exist. Although each form formally
grants access to university, the transition to university is strongly stratd
on the basis of the type dbaccalauréathat is taken. At the tertiary level, the
major distinction is between regular universities and the elitgrandes écoles
which require a stage of preparatory classes after thaccalauréatexam.

Despite the inclusion of a tracked upper secondary system, the French
system is considered to be less vocationally specthan the German sys-
tem. Even though vocational and technologicabaccalauréatexams exist,
the role of employers in the design of vocational qualcations is very lim-
ited. Also, at the tertiary level there is not an explicit vocational option as is
the case in Germany. Standardization is very high in France, both in terms
of inputs (curricular standardization, school budgets, teacher training) and
outputs (centralized exams such as thmccalauréa).

The German educational system is highly vocationally spea, with a
large dual system of school-and-work based learning. The responsibility of
vocational training is delegated largely to employers. At the postsecondary
phase, itis estimated that 59% of students enter vocational training (Neuge-
bauer et al. 2013). A feature in the German system is that a special form of
vocational tertiary education exists that prepares for professions (e.g., teach-
ing, health care, computer programming). Like the apprenticeship system,
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theseFachhochschulerare considered to produce highskill transparency’
for employers.

The German system is also strongly strated. Pupils are situated in full
comprehensive education only untilgrade 4 (around age 10), after which they
are sorted into either of three school typesjauptschule Realschule and
Gymnasium Gymnasiumprepares for theAbitur, the university entrance
examination. Students nishing the Hauptschule and Realschule which
comprises about two-thirds of all students (Neugebauer et al. 2013), typically
enter vocational training after their secondary school. It must be said that
comprehensive education is extended in the secondary schools organized as
Gesamtschuleyalthough the size of this type of comprehensive education var-
ies considerably across German statésiider). The German educational sys-
tem is highly standardized, although some policies are standardized at the
level of theLander rather than at the national level. The system of vocational
training in particular is highly standardized across the nation.

The educational system in the United States is more fragmented than is
the case in France or Germany. The level of standardization is therefore
rather low, although forms of standardization have been implemented in the
private market, such as the Standardized Aptitude Test (SAT), to deal with
the lack of transparency of educational qualications for college admissions.
Strati cation of the system is low in high school because the American high
school offers a comprehensive curriculum. Tracking obviously exists within
schools, although the practice of whether and how students are tracked varies
considerably across schools. Although these less transparent forms of track-
ing may exacerbate inequalities by social origin (Lucas 1999), it seems fair to
say that these forms of stratication in the American educational system do
little to improve the transparency of the skills of school leavers for prospective
employers. The vocational orientation of the American system is also limited,
with little employer involvement in the design of the secondary or postsecond-
ary curriculum.

APPENDIX C

Coding Advanced Degrees in the United States

Table C1 illustrates the imputation process we employed to match workers
with advanced degrees in the ACS toelds of study. Column 1 lists the oc-
cupations where imputation was used. Column 2 shows the fraction of oc-
cupational incumbents in each occupation who have advanced degrees in
the ACS. Column 3 shows the imputed eld of study that we used for each
ofthese occupations, and column 4 shows the ISCO occupation to which this
census occupation is mapped. In tables C2 and C3, we then computed link-
age strength for ve different operationalizations. The rst of these is the
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ACS data with no adjustment for the lack of information about elds of
study for graduate degree holders. The second of these is the SIPP data,
which have this missing information, where we maintain the 100 observa-
tion threshold for including a category in the linkage computation. The third
operationalization is the SIPP data with a 50 observation threshold. We then
employ two imputations of graduate degreeeld of study in the SIPP. The
rstimputation, which we refer to as the ACS-SIPP imputation, starts with
respondents working in the professional and managerial occupations listed
in table C1. For each of these occupations, it uses the SIPP to estimate the
proportion of graduate degree holders whoseeld of study is a close match
to their occupation (see col. 3 of table C1). It then randomly changes theld
of study of degree holders in the ACS who work in these occupations for ev-
ery occupation in which the proportion of BA elds of study in the close-
matching eld of study in the ACS is lower than the proportion of graduate
degree holders in the close-matchingeld of study in the SIPP. We then em-
ployed a fourth, simpler imputation, which we describe aS8ACS-boost;
which simply boosts the number of graduate degree holders in the occupa-
tions of table C1 whose eld of study matches their occupation by the pro-
portion of ACS workers in this occupation who have graduate degrees.
Tables C2 and C3 compare these alternative methods for three different
subsets of educational levels ancelds of study: (1) the educational categories
that meet the 100 observation SIPP threshold, (2) the educational categories
that meet the 50 observation SIPP threshold, and (3) the educational catego-
ries that meet the 100 observation ACS threshold. These tables demonstrate
that the set of alternative measures all yield very similar results. ACS-boost
givesthe least conservative linkage measure for the United States. Given that
our comparison countries have relatively high linkage strength, the use of
ACS-Boostmakesitunlikely thatwe are underestimating the linkage strength
in the United States when making cross-national comparisons.
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TABLE C2
COMPARING SEGREGATION MEASURES USING THE SIPP vERsus ACS
IMPUTATION FOR ADVANCED DEGREES

SIPP ACS ACS-SIPP  ACS-Boost
Results using 58 level-eld combinations:
Total linkage strength. . .. .......... 431 1402 426 425
Occupational groups by educational
levels . ... ... .. . .210 .206 .208 .205
Detailed occupations within groups by
educational levels . .............. .057 .054 .057 .056
Fields of study within levels by
occupational groups . ............ .030 .027 .030 .031
Fields of study within groups by elds
of study withinlevels ............ 134 115 131 133
Samplesize ...................... 1,274,024 1,414,525 1,417,209 1,412,104
Results using 66 level-eld combinations:
Total linkage strength. ... .......... 436 409 431 437
Occupational groups by educational
levels ...... ... 212 .209 .210 .208
Detailed occupations within groups by
educational levels . .............. .057 .055 .056 .055
Fields of study within levels by
occupational groups . ............ .030 .028 .030 .032
Fields of study within groups by elds
of study withinlevels . ........... 137 118 134 142
Samplesize .......... ... ... 1,274,667 1,425,977 1,427,605 1,424,811
TABLE C3
COMPARING SEGREGATION MEASURES USING ACS IMPUTATION VARIATIONS
ACS ACS-SIPP  ACS-Boost
Total linkage strength . ..................... 423 444 463
Occupational groups by education levels. . ... ... 216 216 .216
Detailed occupations within groups by
educational levels .. .............. .. .. .... .058 .058 .058
Fields of study within levels by
occupational groups . . ... ... .028 .031 .033
Fields of study within groups by elds of
study withinlevels ....................... 121 .139 .156
1,448,793 1,448,552 1,448,694

Samplesize . ....... ...

NoTe.—Results use 82 leveleld combinations.
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APPENDIX D

Tables Referred to in Main Text

TABLE D1
ISCED 1997 EDUCATIONAL LEVELS

Level Description
Ot Preprimary education
1o Primary education
2B . Lower secondary, direct access to 3C
2A Lower secondary, access to 3A/3B
3C .. Upper secondary, labor market access
3B .. Upper secondary, access to 5B
3A Upper secondary, access to 5A
AA Preparation for entry to level 5
5B .. Tertiary education, occupation sped
BA .. Tertiary education, theoretical
6. Tertiary education, advanced (Germany and France)
6B ... Tertiary education (U.S. maste)

BA ... Tertiary education (U.S. Ph.D.)
TABLE D2
F1eLps or Stupy
0 General programs 52 Engineering/engineering trades
14 Teaching/education 54 Manufacturing and processing
21 Arts 58 Architecture and building
22 Humanities 62 Agriculture, forestry, and shery
31 Social and behavioral science 64 Veterinary
32 Journalism and information 72 Health
34 Business and administration 76 Social services
38 Law 81 Personal services
42 Life sciences 84 Transport services
44 Physical sciences 85 Environmental protection
46 Mathematics and statistics 86 Security services
48 Computing 99 Unknown or unspecied
TABLE D3
OcCUPATION MAJOR GROUPS
Managers Skilled agricultural workers
Professionals Skilled production
Lower professionals, technicians Machine operators, assemblers
Clerical workers Low-skill workers/laborers
Service/sales workers
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TABLE D5
LINKAGE STRENGTH BY CONDENSED LEVELS AND FIELDS IN FRANCE

0 1 2AB 3ABC 4A/5B  5A/6B/6A

No eld........................ .84 52 .18 A3 . 1.06
Teaching/education .............. e S o - 2.39
Arts .o el o 1.04 1.72 1.22
Humanities . .. .................. el .. .27 S 1.05
Social and behavioral science. ...... ... . . .24 L. .79
Journalism and information. ... .. .. e S S 1.42 1.89
Business and administration . ... ... el ce .40 .62 .99
Law. . ... 1.20 1.36
Lifesciences ............ .. .. .. .. ... ce. ce ce. 2.00 1.03
Physical sciences. ................... o S o 1.23 1.37
Mathematics and statistics. . ....... el o o L. 1.42
Computing . .........ovvivnen... el .. o 157 2.10
Engineering/engineering trades . . ... ... ce. S .62 .83 1.47
Manufacturing and processing. . . . . . e S .67 .59 1.21
Architecture and building ......... el ce .92 .86 1.39
Agriculture, forestry, and shery.... ... ... .. 1.25 1.09 1.31
Veterinary .. ... el ce ce. S 3.58
Health......................... e o 111 2.19 3.12
Social services. . ........... o ce S 1.03 . ce
Personal services. . .................. ce S 1.11 .62 1.17
Transportation .. ................ e L. 1.21 .93 1.95
Security Services. ... ... . o S o - o
Environment. ........ ... ... ... el S .86 o 1.10
Unknown orunspecied ..........
TABLE D6

LINKAGE STRENGTH BY CONDENSED LEVELS AND FIELDS IN GERMANY

0 1 2AB  3ABC 4A/5B  5A/6B/6A

No eld........................ ... .84 .34 .27 77

Teaching/education .............. e o 2.16 1.77 1.65
Arts .o el .. 1.07 1.44 2.00
Humanities . .. .................. el A 1.21 1.20 1.36
Social and behavioral science. . ..... ... o o o .68 1.09
Journalism and information. .. .. ... e o S S 2.89
Business and administration . ... ... e o .58 .80 .95
Law. ... 3.16
Lifesciences .................... ... o o o o 1.98
Physical sciences. . .................. ce. S 1.47 . 1.57
Mathematics and statistics. . ....... e o 1.47 1.96 2.07
Computing ..............couuu... e o .86 1.74 2.06
Engineering/engineering trades . . ... ... o o .68 .76 1.46
Manufacturing and processing. . . . . . e o .70 1.14 .76
Architecture and building ......... e S .94 1.07 1.98
Agriculture, forestry, and shery.... ... ... o 1.50 1.80 1.29
Veterinary. ..., e o o - 2.71
1932
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TABLE D6 ( Continued)

0 1 2AB  3ABC 4A/5B  5A/6B/6A

Health......................... e A 1.49 1.86 3.42
Social services. . ......... .. S S 1.32 1.62 2.50
Personal services. . .................. - S .89 1.32 1.21
Transportation .. ................ el S 1.02 1.26 1.73
Security Services. . .. ... . L. A A 3.01 2.79 2.50
Environment. .......... ... .. ... S ce. S
Unknown orunspecied ..........
TABLE D7

LINKAGE STRENGTH BY CONDENSED LEVELS AND FIELDS IN THE UNITED STATES

0 1 2AB  3ABC 4A/5B  5A/6B/6A

No eld........................ 51 .68 .38 .09 ... o

Teaching/education .............. e o o 71 1.19
ArtS ..o .70
Humanities ... .................. e S ce .24 .45
Social and behavioral science. ...... ... S . A .53 A7
Journalism and information. .. ..... e o S S .55
Business and administration . .. . ... el A A .29 .58
Law. ... 4.27
Life sciences .......... ... . ... S . A 74 .76
Physical sciences. ................... S o S S 1.15
Mathematics and statistics. .. ... ... el A A - .78
Computing . ................... e S ce A7 1.41
Engineering/engineering trades . . ... ... L. A . .68 1.12
Manufacturing and processing. . . . . . e o o 1.14 S

Architecture and building ......... el . A 77 2.90
Agriculture, forestry, and shery.... ... ... S ce. .63 .46
Veterinary. . ...,

Health......... ... ... ... ... .... el . . 1.02 2.06
Social services. . ......... ... o A A . 1.75
Personal services. .. ................. S S ce. .65 41
Transportation .. ................ AU . A 1.24 141
Security Services. ... ... L. S o o 1.34 .88
Environment. ................... el A A . .61
Unknown orunspecied .......... e L. .. .09 .34
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TABLE D8
RELATIONSHIP BETWEEN EDUCATIONAL LINKAGE STRENGTH AND PERCENTAGE
OF WORKERS WITH THAT EDUCATIONAL OUTCOME IN THE MOST COMMON
OccUPATIONS FOR THAT EDUCATIONAL OUTCOME

P3 P5 P10
Main effects only:
Linkage............ ... ... .19 (.007) 17 (.006) 12 (.005)
Intercept .. ........ ... ... 22 (.01) .36 (.01) .56 (.008)
R a7 .75 71
Country-linkage interactions:
Linkage-France. ............... .20 (.009) .18 (.009) 14 (.007)
Linkage-Germany. . ............ .18 (.007) .16 (.007) 12 (.006)
Linkage-United States .......... .19 (.008) A7 (.008) A2 (.007)
Intercept .. ........... .. ... .22 (.01) .35 (.01) .56 (.01)
R .78 .76 71

Note.—SEs are in parentheses. Observations are harmonized educational outcomes by
country. Occupations are measured with three-digit ISCO. P3 is the proportion of workers
in the three most common occupations for each specieducational outcome; P5, the propor-
tion in the ve most common occupations; P10, the proportion in the 10 most common occu-
pations.N = 237.
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